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Abstract

The focus of this research is to investigate the potential of user interface (Ul) pattern
languages in assisting students of Human Computer Interaction (HCI) to learn the

principles of Ul design.

A graphical representation named a Ul-pattern model was developed. It arose from the
evaluation of four existing pattern languages. The Ul-pattern model is an enhanced
form of Ul pattern list that represents a specific Ul. It was recognised that the Ul-
pattern model has the potential to help students learn about pattern language structure.
It was also realised that Ul-pattern modelling can be used to incrementally improve
pattern languages through the generative process proposed by Alexander (1979). A Ul
pattern language Maturity Model (UMM) has been developed. This model can be used
by educators when selecting and/or modifying existing Ul pattern languages so that they
are more appropriate for student use.

A method for developing detailed Ul designs that utilises a Ul pattern language has
been developed with the aim of providing students with an ‘authentic’ real-world Ul
design experience, as envisaged by constructivist educational theory (Jonassen 1999).
This Ul design method (TUIPL) guides the students’ development of user interface
conceptual models. To establish the authenticity of TUIPL three case studies were

undertaken out with developers who had differing levels of Ul design experience.

A series of studies investigated how HCI students used TUIPL to guide the
development of Ul-pattern models and canonical abstract prototypes. The studies also
ascertained the students’ views on using three different forms of Ul pattern (illustrated,
narrative and diagrammed). Data was collected by observation, questionnaires and
completed exercises. The results indicate that the students developed an understanding
of pattern language structure, were positive about their experience building Ul-pattern
models and canonical abstract prototypes, and that patterns aided communication. The
learning outcomes were encouraging and students responded positively to using a Ul

pattern language.
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Chapter 1. Introduction

When engineers design a solution to a well-known problem they normally refer to
standards, guidelines, or templates presenting accepted models for solving that class of
problem. Civil engineers will refer to predefined bridging solutions for similar
foundation conditions, flood flows and anticipated traffic loadings when designing a
crossing for a watercourse. The tool that fills this role for software engineers is the
design pattern. These describe known good solutions for specific types of software
design problem. Patterns present widely acknowledged good practice to guide many
development tasks. Salingaros (2000) identifies pattern languages as useful because
they are:

““a way of understanding, and possibly controlling, a complex system ... [they are]
necessary design tools with which to build something that is functionally and
structurally coherent™ (ibid, p154)

Controlling complex systems and building a functional and structurally coherent system
are basic requirements of software engineering (SE), which may explain why software
engineers were early adopters of the concept of patterns for use in program development
(Gamma et al. 1995, Coplien & Schmidt 1995). The SE design solutions captured in
SE patterns were quickly accepted and the names of these patterns became part of the
everyday vocabulary used by software engineering professionals and also began
appearing in text books (e.g. Alur et al. 2001). To date no one user interface (Ul)
pattern collection has had the same impact upon the Ul design community although a
number of well known collections are available on-line (Leacock et al. 2005, Tidwell
1999, van Welie n.d.)

Ul patterns were rendered visible to the Ul developer community when Jennifer
Tidwell’s (1999) paper “Common Ground” became available on the web, although there
are earlier references to Ul patterns. For example, Hooper (1986) compares Ul design
to architectural design and suggests that Ul patterns could be a useful tool in
disseminating Ul design knowledge. Beck and Cunningham (1987) published what is
possibly the first Ul pattern language consisting of five linked patterns for designing a
windows-based interface. Barfield et al. (1994) report on the development of a Ul
design degree program that includes a number of interrelated courses that have the study,

creation and use of Ul patterns at their core.



Ul professionals recognised that Ul patterns have the potential to guide Ul development,
for example as discussed at Ul pattern workshops at CHI conferences (1997, 1999).
Recently publications consisting mostly of Ul-related pattern languages have appeared
both as books (Borchers 2001a, van Duyne et al. 2003, Graham 2003, Schiimmer and

Lukosch 2007, Tidwell 2006) and as web sites (Quince: quince.infragistics.com/ux-

design-patterns.aspx, Yahoo! Patterns: developer.yahoo.com/ypatterns/index.php,

Patterns in Interaction Design: www.welie.com/index.php).

User interface design incorporates knowledge from a range of different disciplines. It
should be grounded in user-centered design (UCD) and is highly iterative (Preece et al.
2002). Many Ul designers have investigated the integration of Ul patterns into the Ul
development process (Borchers 2001a, Constantine et al. 2003, Mahemoff 1999, Molina
et al. 2003, Tidwell 2006, van Duyne et al. 2003, van Welie 2001, Wilkins 2003).
Seffah and Gaffar (2007) consider Ul patterns to be a central and integral component for

model-driven Ul design saying:

“Ul design patterns have the potential to provide a solution to the reuse problem
while acting as driving artifacts in the development and transformation of
models.” (ibid, p1409)

Developing user interfaces is a creative process that should be guided by Ul design
principles. Shneiderman (1998) identified three principles of Ul Design. Principle 1 is
to recognise the diversity of humans who will be involved in using the Ul, the diversity
of Ul design team members, the diversity of tasks to be carried out and the many
different interaction styles. Principle 2 defines eight golden rules of interface design:

1. Strive for consistency.

2. Enable frequent users to use shortcuts.

3. Offer informative feedback.

4. Design dialogues to yield closure.

5. Offer error prevention and simple error handling.
6. Permit easy reversal of actions.

7. Support internal locus of control.

8. Reduce short-term memory load. (ibid, p74-75)
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Principle 3 is to prevent errors. Many Ul patterns encapsulate aspects of these
principles in their ‘context, problem and solution’ framework, for example Tidwell’s
pattern ‘Forgiving Format’ (2006) relates to Shneiderman’s Principle 3 because it helps
in reducing errors. It also relates to his Principle 1 because users can use their preferred
format, for example in entering a date. The principles can also provide the basis of the
discussion section that provides support for a Ul pattern’s solution.

Ul patterns should provide a common language, a lingua franca (Erickson 2000), usable
by all those with an interest in a Ul design project. As yet this goal has not been
attained. Ul patterns have been reported to aid communication, for example between
software engineers and Ul designers (Borchers 2000, Acosta & Zambrano 2004), or
between end users and developers (Dearden et al. 2002a, Guy 2003, Schiimmer et al.
2006, Schimmer & Lukosch 2007). Patterns have also been shown to provide an
acceptable way for non-experts to access knowledge about a specific domain.
Examples include introducing adults to concepts of computer science as part of
community-based activities (Carroll 2002), and communicating knowledge of
architecture to builders and members of the general public (Saunders 2002). Using Ul
patterns to guide Ul design empowers both users and developers, allowing them to
identify and evaluate solutions in areas where they lack expertise (Lukosch &
Schiimmer 2006).

Ul design is a complex problem-solving activity. As Barfield et al. (1994) observe:

“There are checklists and guidelines, rules-of-thumb and standards, specification
languages and methodologies but although these are useful, they are not the

solution to design problems” (ibid, p63).

Although user interface patterns have the potential to enhance and enrich the field of
human computer interface (HCI) design, as pointed out by Dearden and Finlay (2006) in
their comprehensive review “Pattern Languages in HCI” there is a

““... lack of substantive evidence of their benefits for actual design practice” (ibid,
p86e)

They concluded their review by identifying four important areas for future research:
e Exploring appropriate ways to use pattern languages in design and education,

e Finding ways to organise pattern languages in HCI,



e Exploring and improving the processes by which patterns are identified, recorded

and reviewed,

e Examining the way that values are explicated and promulgated in pattern languages

and pattern-led design.

The research reported in this thesis focuses on the first item of Dearden and Finlay’s

research agenda given their statement that:

“Significant effort is now required to examine the use of these languages ... in
education to demonstrate what benefits might be gained from a patterns approach”
(ibid, p86).

The immediate intention was to identify the attributes required of a pattern language
that is oriented towards teaching the principles of user interface design, and using the
patterns in the Ul pattern language to help students develop conceptual models of
interfaces. Other aspects of Dearden and Finlay’s agenda also affect this intention.

1.1 Patterns and Pattern Languages

Patterns and pattern language concepts are derived from architecture. They were first
proposed by Alexander as a result of his PhD studies completed in 1968. Patterns did
not come to the notice of a wider readership until the publication of the first pattern
language (Alexander et al. 1977) henceforth referred to as the Alexandrian® pattern
language. Individual patterns can be thought of as three-part rules, which not only
capture a solution to a problem taking into account identified constraints, but also
explain the relationship between the three parts and how the pattern balances any
conflicts between the constraints. Alexander’s (1979) description clearly identifies this

rule structure for a pattern:

“Each pattern is a three-part rule, which expresses a relation between a certain
context, a problem, and a solution...each pattern is a relationship between a
certain context, a certain system of forces which occurs repeatedly in that context,
and a certain spatial configuration which allows these forces to resolve
themselves™ (ibid, p247).

A pattern of this kind can be given a name and should have an associated diagram

illustrating the essential elements of the solution. As Alexander says:

! The term Alexandrian is used to indicate an association with the writings of Alexander and his
collaborators.
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“If you can’t draw it, it isn’t a pattern” (ibid, p267).

Although the Alexandrian patterns were written for both ordinary people and
professional architects or town planners, they have largely been spurned by the experts
(Dovey 1990, Saunders 2002). Dovey (1990) reviewed the Alexandrian pattern
language approach to environmental design presenting many of the arguments against
patterns. Although rather theoretical, this paper makes several useful observations
about patterns and their potential use. Dovey observes that pattern users equate the
sensitising illustration with pattern content, potentially misinterpreting the pattern. For
example, the illustration heading the pattern *180 WINDOW PLACE’ may be confusing

because:

“The distinction between looking at a window place and sitting in it has been
ignored” (ibid, p4)

He also highlights that there is a cultural bias in the Alexandrian patterns because they
are primarily grounded in the architectural history of the western world but observes
this is a difficulty with many systems. Overall, Dovey was positive that the patterns
approach actively encouraged users to participate in the design process with its
recognition of many facets of design from social to physical. He concluded that
architects should pay more attention to the Alexandrian pattern language, saying:

“The pattern language is one of the few current architectural theories that offers
a potential theoretical ground for a world faced with severe problems of physical

and social ecology.” (ibid, p8)

Over a decade later, Saunders (2002) reviewed the book “A Pattern Language”
(Alexander et al. 1977) with reference to its status in the architectural domain and the
extent of its uptake within the wider community. Like Dovey (1990) he reports that
there is a love-hate relationship with Alexander’s work from those peers who have read
his work. He calls attention to the fact that most architectural students have not been
introduced to Alexander’s work, yet he says “it could be the most widely read
architectural treatise of all time” (ibid, p1). He supports this statement by commenting
that he had always found the book at the top of the ‘Bestselling’ list in Amazon’s
Architecture category and recent checks (December 2009) confirm that it had retained
its place in the top ten books on this list. The Alexandrian pattern language has been
embraced by the user community with many an ordinary person using the Alexandrian

pattern language as their “design bible” when building a new home (Finlayson 2005).



Dearden et al. (2002b) hint of a tension within the software domain that is almost the

opposite to that found within architecture when they say that:

“However, the approach to pattern languages adopted within HCI has followed
closely that of software engineering, with the emphasis on sharing knowledge
between professionals rather than on processes to support user participation in
design” (ibid, p104)

They have worked with users in participatory design projects and have evaluated the use
of different pattern forms with users designing user interfaces. They want users to
experience using patterns in much the same way that Barbie and James Wilson did
when building their home in Marlborough, NZ (Finlayson 2005).

1.2 Introducing Students to Ul Patterns

About the time that Ul designers were discovering patterns (Hooper 1986), Davis (1986)
identified Alexander’s patterns as a suitable tool for helping students work
collaboratively on an architectural design problem. He considered each pattern to be a
distinctly packaged combination of theory and practice that students could use to aid
their decision-making discussions when working on a group design project. It therefore
seems reasonable to assume that Ul patterns would be helpful in aiding students learn
about user interface design. Barfield et al. (1994) proposed this use in their

comprehensive Ul design curriculum.

Since that publication there is further evidence that introducing students to Ul design
patterns® can improve the quality of their designs (Kotzé et al. 2006, Laakso et al. 2000,
Koukouletsos 2009). Borchers (2002) introduced students to Ul patterns and reported
that they thought that Ul patterns helped them to understand how to complete their
prototypes and better comprehend the Ul design concepts they were applying. Griffiths
and Pemberton (2004) investigated different ways in which patterns might be used in an

educational setting and identified:

“three approaches to incorporating design patterns into teaching: teaching about
pattern language, teaching through pattern language and discovering patterns”
(ibid, abstract)

There can be problems when introducing Ul patterns as an aid to Ul design, for example

Kotzé et al. (2006) reported that new users of pattern sets have difficulty in

2 Example Ul patterns can be found in Appendix A8.
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understanding the relationships linking patterns. Chung et al. (2004), whose research
included graduate students, reported that illustrations were especially important when
searching for a pattern to help solve a specific problem. Dearden et al. (2002a)
observed that some users depended “exclusively on the illustrative examples” [ibid,

p665] when selecting patterns.

Barfield et al. (1994) described how they introduced students to authoring their own Ul
patterns. Koukouletsos et al. (2009) developed a short course introducing students to
using Ul patterns. But, none of the above studies report on methods for helping
students to understand and use pattern language structure. All of the investigations
involving students appear to have used either lo-fidelity or high-fidelity prototyping
(Rettig 1994). None used Ul patterns to introduce students to conceptual Ul modelling.
Barfield et al. (1994) provide the most complete description of the pattern-guided Ul
design method they used with students. This aimed to

. complement more systematic and conventional design methods, taught
elsewhere in the curriculum, with a method that is intuitive as well as analytical

in character, inspired by Alexander's approach and phenomenology.” (ibid, p75)

Their method uses scenarios, images, prototypes, time-based sequences and patterns to
capture the results of analysis.

1.3 Research Goal and Questions

This research is essentially an exploratory study guided by an over-arching goal which
is to investigate whether:

A user interface pattern language can guide student developers in the creation of

conceptual user interface models.

This goal raises a number of issues that need to be addressed. Firstly, there is a need to
identify the characteristics of a Ul pattern language. To teach about Ul pattern
languages it is necessary for the educator to understand them. Secondly, the research
goal is based on the assumption that Ul patterns are a suitable tool to use with students;
to learn about Ul patterns and Ul pattern languages, and to learn Ul concepts through
using patterns. Thirdly, there is the implication that a method exists which enables Ul

patterns to be used to guide students in developing conceptual models of user interfaces.
Therefore three primary questions the research needs to address are:

Question One: What are the characteristics of a Ul-pattern language?



There has been some progress in providing mechanisms for evaluating individual
patterns (e.g. PLoP workshops and CHI workshops). Although there has been little
guidance in identifying the defining characteristics of a pattern language, a number of
authors have identified and discussed some attributes that describe pattern languages
(Alexander 1979, Alexander et al. 1977, Fincher 1999, 2003a, 2003b, Graham 2003,
Mahemoff & Johnston 2001, Mullet 2002, Noble 1998, Salingaros 2000, Schiimmer
2003a, van Welie & van der Veer 2003). Identifying the relevant characteristics of a
pattern language should help educators identify sets of patterns that both enhance their

instructional approach and meet their teaching aims and objectives.

Question Two: Are there any specific requirements of a Ul pattern language when

used for teaching student Ul designers?

To answer this question, students’ preferences, learning behaviour and performance
using alternative forms of Ul pattern within a pattern language structure need to be
evaluated. A conceptual Ul design model diagram is required that will help students
focus on the essential elements of a Ul pattern’s solution, not on a physical
implementation as illustrated by snapshots of screens. Although being able to sketch a
solution is fundamental to patterns (Alexander 1979) only a few collections of Ul
patterns include a form of abstract sketchable diagram to help a user create a conceptual
Ul design (e.g. Constantine 2003b, de Paula & Barbosa 2003; van Duyne et al. 2003).

Underlying this research question is the presumption that students can learn the
information contained within the patterns. This needs to be investigated. As well,
investigations should identify attributes of Ul patterns and pattern languages which an
educator could modify when introducing students to patterns. This should help students
more easily make the transition to using existing collections of Ul patterns, thereby

effectively scaffolding student learning (Wood et al. 1976).

Question Three: How can student Ul designers be successfully guided in the use of
a Ul pattern language for developing conceptual Ul design models?

Educational research shows that constructing something new to represent what is being
learned, enhances learning (Jonassen 1999). Expecting students to build a domain-
specific pattern language, or even selecting patterns from an existing Ul pattern
collection to represent a new user interface before developing their knowledge of Ul
pattern languages appears to be too big a step (Kotzé et al. 2006). Therefore, an

intermediate technique is required that uses a similar approach to that for developing a
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new user interface but allows the student to concentrate on using the pattern language
within the design method.

A pattern-guided detailed Ul design method is required that is grounded in
constructionist educational theory (Jonassen 1999), where students are encouraged to
build alternative representations of what they are studying. A philosophy student
learning about Aristotle’s discourse “Politics: A Treatise on Government” could be
encouraged to construct a rich picture representing that treatise. A computer science
student studying an object oriented (OO) program could be encouraged to construct the

associated UML class diagram (Kemp et al. 2007).

1.4 Research Approach

The research starts by identifying a set of attributes recognised in the literature as
characterising a pattern language. These are evaluated and refined, leading to the
discovery of the Ul-pattern model. This is recognised as having potential for helping
students understand Ul pattern language structure. The investigation into the structure

of Ul pattern languages leads to the development of a Ul pattern maturity model.

The pattern-guided Ul design method is presented as a way to provide students with an
authentic Ul design experience using a problem-based learning (PBL) strategy. To test
these proposals the exploratory stage of a design study has been developed, composed
of a sequence of three studies. They are exploratory in nature, forming the early stages
of a ‘Design Study’ (Shavelson et al. 2003).

Study One (the first iteration) is primarily a quasi-experiment testing different forms of
Ul pattern. It also investigates the impact of the instructional artefacts and methods on
student learning. The aim for this study is to ‘Explore the use of a Ul pattern language

in the creation of Ul pattern models by student Ul developers’.

The aim of Study Two is to ‘Explore the use of a Ul-pattern language in the creation of
conceptual Ul models by student Ul developers’. Study Two is divided into two parts.
Part One applies selected lessons learned from Study One to investigate whether these
changes improve the instructional artefacts. Part Two trials the next stage of the design
method and is a pre-experiment to establish the viability of the conceptual Ul modelling
method and the instructional artefacts. A pattern-guided Ul design method is proposed.

It is used to introduce the students to Ul-pattern models in the first two studies.
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The aim of Study Three is to explore whether the proposed Ul-pattern guided design
method will provide students with an authentic Ul design experience. A study using
three Ul design professionals investigates whether they can successfully use the

proposed method to create models for a new Ul from the specifications.

1.5 Thesis Structure

The structure of this thesis loosely follows tradition. Chapter Two is the main literature
review. Chapters Three and Four investigate issues related to the structure of Ul pattern
languages. Chapter Five presents relevant educational issues and introduces the Ul

design method.

Chapter Two
Literature review

.
-

Chapters Three & Four Chapter Five
Pattern language characteristics Ul-designmethod
Chapter Seven Chapters Eight & Mine ChapterTen
Study One: Compare Study Two: Learning Study Three: Pattern
Pattern farms CAP-abstract prototyping Guided Ul design
V\-’\/ﬁ
Chapter Six
Research approach

Figure 1.1 — Overview of relationships between chapters’ content
Figure 1.1 shows the interrelationships and dependencies between these chapters and
those of the exploratory phase of the design study. Chapter Six outlines the research
approach for the design study which is reported in Chapters Seven, Eight, Nine and Ten.
Finally there is the discussion bringing together the results from the different iterations

and then the concluding chapter.

1.6 Thesis Outline

Each chapter is introduced in turn:

Chapter One introduces the research. It includes a brief overview of patterns and
pattern languages and an indication of the potential for using Ul patterns in HCI
education. The research questions are introduced and an overview provided of the

approach used to address these questions.

Chapter Two is the traditional literature review, providing an overview of teaching Ul

design using Ul patterns and Ul pattern languages. The chapter begins with an
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introduction to the use of patterns in Ul design and goes on to summarise the literature
about using Ul patterns and pattern languages in HCI education. The potential benefits
of using Ul patterns are identified. The second half of the chapter considers issues that
need to be addressed when using Ul pattern languages as a guide to Teaching Ul design.
Finally, three factors identified in the literature as being significant for student learning
and requiring further research, are listed.

Chapter Three investigates the characteristics of the internal structure of Ul pattern
languages. Before a pattern language can be successfully introduced to students the
educator needs to understand it. The chapter begins with a review of the literature
concerned with pattern language validation. The outcome is a proposal for a set of

seven tests which assess the internal validity of a Ul pattern language.

Chapter Four builds on the results of Chapter Three and re-examines the set of tests
formulated to assess the internal validity of a Ul pattern language. These tests are used
to develop the first version of a pattern language maturity model that can be used by
educators to analyse and compare existing collections of patterns. A second outcome of
this investigation is the Ul-pattern modelling technique. This is recognised as a
potential method to scaffold students’ learning about the structure of Ul pattern

languages.

Chapter Five introduces a model-driven pattern-language-guided Ul design framework
specifically oriented to introducing the students to Ul patterns and pattern languages,
and using them to build Ul conceptual models. The methods from the framework were
designed to provide students with an authentic Ul design experience that can be used in
the context of problem-based learning (PBL). The chapter begins with a brief review of
the PBL literature that directly relates to the research and introduces the constructivist
approach to learning and the technique of scaffolding student learning. The initial

versions of the Ul pattern language tailored for teaching students is also introduced.

Chapter Six introduces the three studies that make up the core of the research. The
main research approach used in each study is described and the associated data
collection and analysis methods are identified. The chapter brings together the artefacts
used in the studies and identifies any variations. The procedures to be followed during
each study are also introduced.

Chapter Seven presents the first study, identifying its aims and the details of the

within-subjects design. The primary aim is to investigate the impact of illustrative
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examples in a Ul pattern on student learning and acceptance. More than one data
collection method (observations, model evaluation and questionnaires) is used in this
study and the results of each are described in turn. A discussion triangulates the results
from the four sets of data. Based on these findings, changes to the artefacts and the

introduction, aimed at improving student learning are proposed.

Chapter Eight introduces Study Two which is in two parts. The first part replicates the
first exercise used in the first study, but with changes in pattern format, demonstration
example and pattern language structure. This implements the key recommendations for
change from the first study. The results are presented in a similar manner to that used in
Study One. They include a comparison of the results from the first exercise in both

studies to gain insight into measured and perceived differences.

Chapter Nine presents the second part of Study Two. It is a pre-experiment to trial the
viability of the second phase of the proposed pattern-guided Ul design method. This
exploratory investigation aims to discover whether students can learn to use canonical
abstract prototyping components with navigation components to create Ul conceptual
models. This model has been proposed as suitable for introducing students to
conceptual modelling. The discussion brings selected findings from Studies One and
Two together to determine the degree to which the second research question has been

answered.

Chapter Ten presents the case studies forming the third study. First the protocol used
for each of the case studies is presented including an explanation of modifications based
on the pilot studies. After describing the characteristics of the participants the cross-
case comparison is presented. The findings of the participants’ experiences with the
modelling and prototyping techniques used in the second study are presented. Their
views on the influence the tools and techniques may have on communication within a
Ul design team follow. Next, their opinions of Ul-patterns as aids to Ul design are
presented. The findings are then discussed to determine whether the objectives of this
study are achieved. A final discussion determines the degree to which the third research
question has been answered. The results from consolidating and triangulating the

findings from all the preceding studies are presented.

Chapter Eleven begins with a discussion of whether the three primary research
questions have been answered to determine whether the research goal has been

addressed. Then it presents the conclusions derived from the research project. The
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main research outcomes and findings are presented followed by recommendations for
educating HCI students about and through Ul pattern languages. The chapter concludes

by identifying areas for future research.
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Chapter 2: Literature Review - Pattern
Languages and Teaching Ul Design

This chapter reviews pattern languages in the context of their use in education with a

focus on identifying the attributes required of a teaching oriented Ul pattern language.

After an introduction to relevant literature covering Ul patterns and their use by Ul
developers in designing Ul, the literature dealing specifically with the use of patterns as
they relate to education follows. Potential benefits of using patterns in an educational
setting are identified. This leads to the identification of some attributes required of a Ul
pattern language that is oriented to teaching the principles and practice of user interface
design. Issues of concern include the form and content of Ul patterns, how a pattern
language should be organised with particular reference to the type of references linking
patterns and the forces they resolve. Finally future directions for research into
appropriate ways for using pattern languages in Ul design teaching are proposed.

2.1 Patterns and Pattern Languages in Ul Design

There is a growing interest in the different kinds of patterns associated with Ul design.
This research is concerned mostly with interaction design patterns (Dearden & Finlay
2006) which illustrate the issues underpinning user interface design decisions. The

definition of Ul design patterns by van Duyne et al. (2003), states that:

“Patterns communicate insights into design problems, capturing the essence of
the problems and their solutions in a compact form. They describe the problem in
depth, the rationale for the solution, how to apply the solution, and some of the

trade-offs in applying the solution” (ibid, p19).
An alternative definition by Borchers (2001a) is:

‘... a structured textual and graphical description of a proven solution to a

recurring design problem”” (ibid, p8).

These two definitions complement one another. van Duyne et al. focus on the content
of a pattern and stress its use as an aid to communication while Borchers identifies that
the presentation of a pattern’s content is structured and includes illustrative elements.
Both authors emphasize that patterns provide the reader with a solution to a recognised
problem. Patterns then can act as a lingua franca that is a communication device and a
means of illustration when discussing interface design (Bayle et al. 1997, Erickson 2000,
Griffiths & Pemberton 2001, Marcus 2004, Dearden & Finlay 2006). When linked
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together in a pattern language, relationships between the patterns should be synergistic,
so that the language provides an understanding of the Ul design domain that is greater

than just the application of the individual patterns.

In developing an educational framework to integrate human-centred design techniques

into software engineering (SE) curricula Seffah (2003) sees Ul patterns as:

“ a vehicle for highlighting common user problems and for describing proven

design solutions to fix them” (ibid, p42)

He describes the use of patterns as both resources for student learning and as an aid to

Ul design. He identifies three kinds of interaction pattern:

1. Product patterns which describe what the interface or interaction should be like.
Most of the available collections of Ul patterns fall into this category (e.g. Tidwell
1999, 2006, van Duyne et al. 2003, van Welie & Klaassen 2004, Schimmer &
Lukosch 2007).

2. Process patterns which describe Ul design methods.

3. Pedagogical patterns which describe effective learning and teaching strategies.
Seffah (2003) is not alone in identifying patterns used for disseminating pedagogical
theory and practice to future educators (Carroll 2002, Frizell & Hibscher 2002,
Garzotto et al. 2004).

The Ul design patterns that are the focus of this review can be classified as product
patterns. These patterns fit the vision of Erickson (2000) of a lingua franca so that all
interested can participate on an equal footing in the Ul design process, rather than those
patterns referred to as creating a technical lexicon (Dearden & Finlay 2006). The latter
contain technical content restricting their use to participants with professional

knowledge.

Many authors have developed one or more sets of related patterns, variously referred to
as languages, catalogues or collections. A number of authors have based their
collections of patterns on industrial experience, developing a large number of diverse
user interfaces (Green et al. 2003, Laakso & Laakso 2004, Tidwell 2006). Anecdotal
evidence from comments on web sites about the usefulness of van Duyne et al.’s (2003)
book supports a belief in the usefulness of patterns to provide guidance in the creation
of useable interfaces. Whilst based on Alexandrian ideas, most authors use their own

Ul pattern form.
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2.1.1 Ul Pattern Forms

Henninger and Corréa (2007) surveyed over 2000 patterns related to software
development accessible via the web. They identified fourteen collections of Ul patterns
totalling four hundred and twenty-five patterns but they also identified six major
problems hampering the potential this resource may provide. They noted that it is
difficult to have a lingua franca for discussing patterns and the relationships between

them when there are so many different formats for presenting Ul patterns.

Source Domain Sections within the pattern description Elemem
ypes
. . . text
name, rank, ilustration, context, problem, rationale
Barchers (2001) HC &farces, solution, diagram, reference !arE:t%i
name, number, alternatives, sensitizing image, text
Graham (2007 HC U =ability context, problem, forces, solution, resultant image
context, contributors or sources
. name, a body of narrative description forthe text
Laakso (2003) Ul Design pattern, examples and references image
title, author, contributars, problem summary, text
E?H?IEDEEETEISS% LI for Weh sensitising example, usewhen, solution, rationale,  image
vahoo applications accessibility, supporting research, related animation
patterns, as used onYahoo!, Ul code examples code
Little, A of . name, sensitizsing image, prohlem, solution Text,
Infragistics (2009 U:tntaerri}{gperlence context, rationale, implementation, examples, images
Quince a sources, tags
name, confidence, alternative names, thumbnail, text
cchimrmer & Computer- dictionary definition clarifying name, intent, image
Lukasch (2007) mediated context, proklem, scenario, symptoms, solution, sketch
interaction dynamics, rationale, check, danger spots, known
uses, related patterns
name, examples, context, prablem, forces, text
Tidwell {1999} LI Design solution, diagram, resulting context, notes sketch
imange
) . name, picture, what, usewhen, why, how and text
Tidwell (2008) LI Design examples image
van Duyne et af, LIl far Weh name, picture, background, problem, farces, }?n}i; .
(2003 applications solution, and ather patterns to consider SHEt?:h
o text
. name, author, prablem, principle, context, farces, ;
van Welie (2003 gggirlr;teractmn solution, rationale, examples, counter examples, ::rggege
4 known uses, related patterns, implementation PLML
text
. U=zerinteraction  name, problem, solution, picture, usewhen, how, image
van Welie (2007) Design why, more examples, implementation, literature rode
PLML

Table 2.1 - A selection of Ul pattern forms identifying the element types

Although Ul design patterns have many forms the essential parts of these patterns are
the context, the problem and the solution. Table 2.1 shows the variety of forms
employed in thirteen different Ul pattern collections. Only Borchers’ HCI patterns
conform to Alexandrine practice, otherwise explicit labels are used to identify each part
of a pattern. These examples also show that there are various ways of referring to the
different parts of a pattern. Some use Alexander’s terminology ‘context’, ‘problem’,

and ‘solution’ with others using terms like: ‘use when’, ‘why” and ‘how’. They all
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contain text based descriptions but there is no commonality in the other types of element
that are used. Most of these pattern forms have some visual element illustrating
different aspects of a pattern. These can be one or more of images, sketches or
animations. Some even include code examples. Another problem is the digital form in

which these patterns are available varies from: text, pdf, html and forms based on XML.

2.1.2 Using Ul Patterns in Design
A number of studies have investigated the use of patterns as part of the Ul design

process. The participants in these studies were portrayed as potential participants in Ul
design teams although in some, students were included.

Dearden et al. (2002a, 2002b) report on investigations into the use of patterns in
participatory design where their participants develop Ul designs for a website. They
recorded substantial differences in the time participants spent studying individual
patterns. Their observations also revealed that different parts of patterns took the
attention of different individuals. They noted that most of the participants did not read
the associated explanations. This behaviour was summed up by one participant stating
“the patterns were just too wordy” (Dearden et al. 2002b, p108). The authors remark
that many existing Ul patterns were written for designers using language with which an

experienced Ul designer would be familiar, but not necessarily a novice designer.

Furthermore, they observed that some users depended “exclusively on the illustrative
examples” (Dearden et al. 2002a, p665) when selecting patterns. One user actually
went as far as “equating the pattern with the example picture” (Dearden et al. 2002b,
pl08). They suggest that the prominence of the illustration used in the patterns may
have been a factor in some users’ reliance on them. Some of the participants “suggested
alternative layouts” (ibid, p108) which may overcome this problem. Dearden et al.
(2002a) found that the physical form of the pattern could influence how users reacted to
using patterns in the design process. Similarly, Sharp et al. (2003) in a study involving
pedagogical patterns found that it would be desirable for patterns to be formatted in
ways that better suit a specific audience completing a specific task. Even though
problems were observed during their experiment (Dearden et al. 2002b), in the final
evaluation participants were positive about using the patterns, reporting that “they found
the patterns helpful” (ibid, p111).

Finlay et al. (2002) summarise a set of experiments including the one reported in
Dearden et al. (2002a, b). The follow-up study extended their investigations into
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participatory design focussing on helping the participants use the structure of the pattern
language. This experiment had similar findings to the earlier one with regard to how the
participants used the individual patterns. They also found that by having the facilitator
emphasise the links between patterns when introducing the next pattern, that by the end
of the design session, participants selected patterns based on the links without help.
One user stated “once | got used to using the links to go to different patterns, it’s quite
useful” (ibid, p170). This experiment had two stages and users were observed paying
more attention to pattern content and using links for cross referencing in the second

session leading to the suggestion:

“... that users’ needs may change as they become familiar with the patterns, and
the form should support this™ (ibid, p171).

An investigation into the suitability of Ul patterns compared to Ul guidelines as part of
an heuristic evaluation of a website identified a number of issues the two authors had
with using patterns (Wesson & Cowley 2003). Some of these were not dissimilar to
those identified by Dearden et al. (2002a, 2002b), for example the patterns needed to be
studied before they could be used and there was confusion over the links between
patterns structuring the pattern set. To help understand the links the participants created
a pattern map. They also considered that some pattern names hindered their use.

Similar issues to those reported above were identified in an investigation into the use of
pre-patterns to inform designers unfamiliar with ubiquitous computing in creating a
design for location-enhanced applications (Chung et al. 2004). Pre-patterns present
information using a pattern format but describe problems with solutions in a domain
which is so new that best practice has not yet been established. They carried out a series
of experiments which included both novice and experienced designers. The patterns
initiated communication among the participants but these participants also had difficulty
with the amount of reading required and difficulty with some of the language used.
Also they had a tendency to rely on the illustrations of examples. The importance of
illustrated examples was also highlighted. Chung et al. (2004) reported that participants
used the patterns by:

“... skimming through the names and pictures to come up with ideas” and “used
the patterns to communicate ideas by pointing at a particular picture” (ibid,
p237).
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Results showed that experience in Ul design was more important than pattern use when
measuring the quality of resultant prototypes. The experienced participants still
believed patterns to be a helpful form for presenting Ul information. Importantly for
the research reported in this thesis, inexperienced designers found patterns the most

useful.

Segerstahl and Jokela (2006) carried out a case study that also reveals the problems
developers have encountered when using pattern collections. There were issues with
the examples, pattern naming and the time taken to learn to use the patterns. They
report that none of the pattern collections covered all the problem cases and that a
pattern can appear in several collections with a different name, causing confusion. They
also noted the lack of a standard means of organising, documenting and grouping
patterns. Like others (Deng et al. 2006, Henninger & Corréa, 2007) they recommend
that all useful patterns from the various collections be gathered into a common Ul
pattern language.

Saponas et al. (2007) carried out a between-subjects study by compared two groups of
participants working on a design problem in an unfamiliar domain. They used pre-
patterns, like Chung et al. (2004). The focus was the design of an interface for a digital
home. The participants were practicing professional designers. One group worked with
the patterns while the other had no additional aids. The resultant designs from the two
groups were evaluated and compared. No significant difference was observed but the
designs by the patterns group had on average fewer heuristic violations. Analysis of
observations identified four ways in which the designers used the patterns. Discovery
occurred when participants were becoming familiar with the pattern content and
identified a subset that might be useful. Idea generation had the goal of finding a
solution to a high-level design problem. Issue clarification had the goal of finding a
solution to a specific Ul problem. Re-reference is the process where patterns are
revisited to review decisions or to locate a remembered idea. Members of the patterns

group used pattern names when discussing Ul design ideas.
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Aurthors Participants Ul Patterns Application Findings
. Empowered users
Fnueier:rgzggéng 23basedon Patterns seen as helpful
Dearden ef al, frnmparetired Tidwell's Common Fatterns Pattern presentation critical
(2002a, b) non-web-userty Sround and Individuals working  Cver-reliance onillustrative
Experiment atrainee wap | BOrchersHCI with facilitator examples
desi patterns Importance of pattern as physical
esigner. artefact
Empowered users
35”?;'35?,(;5 and4 Fatternsfocussing Patternsfocus of communication
Py etal  lecturers who all 39 (Educational O Paternianguage Fatiern presentaion il
Experiment Eﬂaecésduersniegﬁm andweb) Individuals working Facilitation helped understand
ax erienge with facilitator pattern language structure
P Flexible pattern form required.
Patterns requiretime to read and
16 e-commerce - reflecton
E"f;?'j”[guug, 2 participants patterns — from G;tltdeil:snesversus Timetounderstand links
Camﬂudv P P Duvne etal’'s Weh Ipnl:livil:luals Developing pattern map helped
interface patterns understanding of links
Pattern names are important
Patterns helped novice designers
Patterns helped designers with
unfamiliar domain
Chung etal. & Professionals 3;%‘1;533””5 Fatternsversus no- Reliance onname and picture
(2004) 10 Graduate curﬁ utin pattern groups when selecting patterns
Experiment  stydents [Uhitpjumg} Worked in pairs Picturesin patterns usedto
communicate ideas
Patterns helped designers avaid
some design problems
Fatternversus no- FPatterns seen as helpful
. pattern groups Patterns requiretime to absaorb
Fﬁﬂ?emﬁ ggrrgfdeus:tlennals 30simplified pre- (5 no-pattern pairs  Experienceis more impartantthan
Experiment  Stydents patterns (UbiComp)asforexperiment 1 using patterns
above) Diagrams illustrating solutions
Worked in pairs important
Segerstahl & ﬁgiﬁ%ﬂgﬂgﬁ?ms Patterns requiredtime to absorb
éﬁiﬁ":ffﬂﬂ?i Professional Ul Common Ground  p oy gls;ter?gizﬁggilaeg ;nggtrtuasnet
commercial designers ?nl:edr;?:lt-;;ﬁec::aesis-ﬁ Uldesignteam Ul pattern collections focus on
setting g different design problemdomains
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[2008)
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44 Professional
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Industrial
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Bemhaunt Patterns acceptable form
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Pontico (2009) who were in-house pattern  Worked individually Patterns encourage discussion of

Field studyin expected to work
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commercial
setting

language

alternative solutions
Assists solution re-use
Pattern language should evolve

Table 2.2 - Summary of Ul design oriented studies involving Ul patterns
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Lin and Landay (2008) carried out a within-subjects study that investigated the use of
patterns by forty-four Ul professional designers in early-stage design of cross-device
interfaces. This study was focussed on Damask, a tool for early stage Ul design which
has Ul patterns embedded as part of the toolbox available to designers. The participants
rated the patterns as useful. The design of Uls for desktops and Smartphones created by
the patterns group were rated higher than those of the control group. The patterns
describing the voice Ul were pre-patterns. Like other studies involving pre-patterns
(Chung et al. 2004, Saponas et al. 2007), no significant difference between the designs
by the control and pattern groups was found.

Bernhaupt et al. (2007) undertook a field study to investigate the usage of a Ul pattern
language that had been specifically developed for an organisation, with the aim of
improving standardisation of Uls for new e-Government applications. The organisation
encouraged employees to use this pattern language to assist all members of the design
team understand Ul solutions. Six of the eight participants had experience using the
pattern language. They were asked to carry out three tasks centered on the design of
prototypes and were subsequently interviewed about how the pattern language could be
improved. The authors concluded that the pattern language was seen as useful, readable
and adaptable. The use of patterns helped to spread knowledge of usability within an
organisation but the participants believed a pattern language must keep on evolving to
have credibility. In practice, project constraints (such as time) reportedly limited use of

the patterns on projects.

Table 2.2 summarises the findings from the selection of studies described above. The
participants, the source of the Ul patterns, the structure of the design team and the
primary findings from each study are all identified. The results indicate that participants
from many backgrounds responded very positively to using Ul patterns (Dearden et al.
2002a, b, Chung et al. 2004, Lin and Landay 2008, Bernhaupt et al. 2009) and that
patterns can be a positive influence on communication (Finlay et al. 2002, Chung et al.
2004, Saponas et al. 2006, Bernhaupt et al. 2009). The visual elements of patterns, such
as illustrated examples and diagrams, are also seen as being very important (Dearden et
al. 2002a, b, Finlay et al. 2002, Chung et al. 2004, Segerstahl & Jokela 2006).

2.1.3 Pattern Guided Ul Design Methods
Authors who have contributed regularly to the Ul pattern literature have each proposed

at least one method for using patterns in the development of user interfaces (Mahemoff
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1999, Borchers 2001a, Granlund et al. 2001, van Welie 2001, Crabtree 2002, Graham
2003, Molina & Hernandez 2003, Pribeanu & Vanderdonckt 2003, van Duyne et al.
2003, Walldius 2003, Wilkins 2003, Tidwell 2006). Many authors (e.g. Bayle et al.
1998, Erickson, 2000, Dearden & Finlay 2006, Schimmer & Slagter 2004) identify one
key advantage of using patterns in design is that they support ‘piecemeal development’
first coined by Alexander (1979). This refers to evolutionary incremental development
where each increment should be useable. Most authors describe the integration of
pattern use into existing SE approaches (Wentzlaff & Specker 2006). Many of the
methods proposed include the development of a pattern language for describing the
specific Ul problem domain that was the current focus of the development team
(Granlund et al. 2001, Crabtree et al. 2002).

Where an existing collection of patterns is referenced, these methods usually give little
guidance on how patterns should be selected from the collection and used. Other
researchers (Schimmer & Slagter 2004, Schimmer & Lukosch 2007) adapted the
method described in the Oregon Experiment (Alexander et al. 1980). This method is
reliant on a set of over seventy patterns describing computer-mediated interactions
(Schummer & Lukosch 2007) which have links to existing collections of Ul patterns
(e.g. Graham 2003, van Duyne et al. 2003, Tidwell 2006, van Welie accessed 2007).

Seffah and Gaffer (2007) proposed a model-driven Ul design method that is guided by a
set of patterns for different levels of Ul design. This pattern-driven model-based Ul
development framework (PD-MBUI) has an associated comprehensive tool based on
XML and XUL. Patterns guide the creation of a series of models at different levels of
abstraction: the task, dialog, presentation and layout levels of Ul design. The method
has three phases. In phase one, three models are created, the domain model, the user
model and the task model. Phase two results in the composition of an environment
model, a dialog model, a presentation model and a layout model. In the final phase lo-
fidelity and high-fidelity prototypes are created. Ul patterns are associated with dialog,

presentation and layout models. Their method helps designers with:

“identifying, instantiating and applying patterns during the construction and

refinement of these models™ (ibid, p1411)

Alexander et al. (1977) described a generative process in an eight step method which
guides the user in how to select and use patterns. This method is based on using a list of

the pattern names to keep track of which patterns in the language that have been
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selected. The users build a pattern sequence which is a list of the pattern names that
describe their problem. After selecting a relevant pattern, the user examines the context
and reference sections and selects from these lists the next patterns they need to
consider. This sequence of patterns is effectively a meta-language for the project
(Erickson 2000, Seffah & Forbrig 2002, Todd 2004). Next, the user reviews their
pattern sequence and they write patterns for any missing elements. The user is then
encouraged to modify the patterns in the sequence to reflect the project. In this way
pattern languages grow and evolve. The sequence of interlinked patterns could be
described as a pattern model for the many potential Ul design solutions which could be
created from it for the project.

2.2 Patterns in Ul Design Teaching

Patterns have repeatedly been propounded as an aid to communication and for providing
an agreeable way for the non-expert to access knowledge about a specific domain.
Barfield et al. (1994) used the Alexandrian patterns to introduce students to developing

Ul patterns as part of Ul design. They observed that:

“Alexander's patterns may even be more applicable to interactive systems than
they are to buildings, since interactive systems literally have behaviours inside

them (manifest system behaviours as well as evoked user behaviours)” (ibid, p71)

Very early in the history of architectural patterns Davis (1986) identified Alexander’s
patterns as suitable tool for helping architectural students work collaboratively on a
design problem. Davis observed that:

“The explicitness of the patterns makes them ideal for group work: the issues are
always clear, and individual decisions are relatively un-encumbered by others”
(ibid, p15)

It therefore seems reasonable that Ul patterns would be helpful in aiding students learn
about user interface design. The use of patterns to successfully teach new Ul concepts
is supported by experience in the related discipline of SE (Clancy & Linn 1999,
Cybulski & Linden 2000, Weiss 2005). Teaching about SE design patterns is now an
accepted part of the SE curriculum (Shinichi, et al. 2007, IEEE/ACM Joint Task Force
on Computing Curricula). More recently Kolfschoten et al. (2010) reported that they
had successfully used design patterns in courses for some years. They found that using

patterns:
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“help novices to faster gain understanding in problem solving and design skills”
and
““to better understand the problem domain” (ibid, p659)

Also that novices taught using patterns developed higher-quality designs.

2.2.1 Studies of Ul Patterns in Education
When introducing the experiments Kotzé et al. (2006) carried out to explore aspects of

using patterns as a potential teaching tool they state that:

"One of the challenges in HCI teaching is to develop effective techniques for
communicating the knowledge and experience of HCI experts” (ibid, p10.1)

Educators (Barfield et al. 1994, Laakso et al. 2000, Borchers 2002, Griffiths &
Pemberton 2004, van Biljon et al. 2004, Kotzé et al. 2006, Koukouletsos 2008) report
various levels of success in using Ul patterns to do just that. Barfield et al. (1994)
present a four-year curriculum for an interaction design degree taught at the Utrecht
School of Arts based on Alexander’s (1979) philosophy. By introducing the use of
patterns as a Ul design tool they hoped to sensitise students to the needs of users. This
should result in students developing high quality solutions permeated by human values.
Barfield et al. (1994) indicate that their initial experiences and the evaluations from
students were positive. Students were encouraged to develop their own patterns and
develop low fidelity prototypes to demonstrate the solutions they have proposed.
Prototypes encourage students to communicate their ideas about the underpinning
conceptual model and required interaction detail.

Laakso et al. (2000) developed a pattern language specifically aimed at HCI students
based on the evaluation of three hundred and fifty student projects over a four year
period. This pattern language addressed recurring Ul design problems that their
students encountered in their assignments. The striking feature of these patterns is that
they rely heavily on the illustration of examples and minimised the associated
discussion. Laakso has integrated these patterns into HCI design courses with
reportedly successful results. Although no statistics are given the anecdotal evidence
indicates that the greatest gain was for the less experienced students who produced

acceptable designs in a shorter time frame than previously.

Borchers (2001a, 2002) presented the concepts of patterns to students in an introductory

HCI class via a lecture and provided them with Tidwell’s (1999) Common Ground
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pattern set to use in a prototyping exercise. A follow-up survey revealed that a
significant number of students considered that the patterns had been useful in aiding
their understanding of Ul design concepts and that the patterns were useful in informing

their own design. He reports that

“these results indicate that a pattern approach in HCI education is useful and
convincing ... even first-year undergraduates can quickly relate to this format,
and find it useful”” (Borchers 2002, p195).

Barfield et al. (1994), Griffiths and Pemberton (2004) and Borchers (2002) all had
students develop their own sets of patterns. The results of evaluations (Borchers 2002,
Griffiths & Pemberton 2004) indicate that students had little difficulty in conforming to
a pattern-like template. Students did have problems in finding “the right level of

granularity and abstraction” (Borchers 2002, p3).
The HCI patterns created were:

“close to generic guidelines, focusing on descriptive criteria for good user

interfaces, but not providing much constructive help in the design process™ (ibid,
p3).

Griffiths and Pemberton (2004) also report that the Ul designs created by the students
using Tidwell’s (1999) Common Ground pattern set “were considerably improved”
(Griffiths & Pemberton 2004, p2). They observed that the quality of the discussion

between the students improved too.

Cowley and Wesson (2005) carried out an experiment where thirty-three Honours and
Masters level students were divided into two groups using a stratified sampling
approach. One group used patterns while the other used guidelines. The students
completed three tasks: evaluating and then redesigning an existing web site followed by
designing a new E-commerce website. Information was collected by a post-test
questionnaire. For all three tasks students found patterns to be both efficient and
effective. With regard to the new design task, the students rated patterns satisfying to
use. However, the results for patterns and guidelines were similar. Interestingly by the

end of the study students considered the patterns to be their personal design language.

An empirical experiment was conducted (Wania 2008, Wania & Atwood 2009) in
which three groups of students were asked to develop a paper prototype for an interface

to an information retrieval application. The participants were familiar with this domain.
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One group was exposed to a pattern language, another to guidelines whilst the control
group had no specified design technique. No statistical difference was found between
the groups with respect to either the quality of the paper prototypes (as rated by experts)
or the time taken to develop them. As Wania (2008) noted, given that the domain was
familiar people might already have knowledge of relevant patterns. She reported that
patterns and pattern languages appear to describe quality and usability in a
comprehensive manner. A further analysis of the paper prototypes indicated that
patterns were used by all groups although those produced by the pattern group on
average contained more patterns. There was a positive correlation between the number

of patterns identified in the prototypes and their quality rating of the UI.

Anti-patterns are a well established method for describing inappropriate solutions that
are frequently repeated in the SE domain. A series of experiments have been carried out
to investigating the use of anti-patterns in teaching Ul design (van Biljon et al. 2004,
Kotzé et al. 2006, Kotzé et al. 2008). The difference between presenting information as
positive or negative was investigated by van Biljon et al. (2004). Their findings
indicated that presenting students with anti-patterns could have undesirable side effects.
They grounded their argument in the context of a learner’s cognitive development and
mental models. They show that presenting students with anti-patterns before they are
sufficiently familiar with patterns at best confuses the learner or at worst results in the

learner mistakenly identifying the anti-pattern as being the preferred solution.

Kotzé et al. (2008) includes an in-depth report on a third study where they were
primarily interested in exploring whether providing negative solutions would be
effective in helping students create better Ul designs. In these experiments guidelines
were substituted for patterns. The results provide insights into the use of patterns as a
teaching tool. They found that presenting students with positive forms was more

effective than providing negative ones.

Kotzé et al. (2006) included a discussion of a small study which compared two groups
of students. One group used a small collection of patterns and the other used a set of
guidelines. The authors identified naming as an important influence on how successful
students were at using patterns. They observed that a poor pattern name obscured the
intent of a pattern. Kotzé et al. (2006) highlighted the problem new users of pattern sets
have with understanding the relationships linking patterns and identify the importance

of visual elements in patterns used by students.
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Koukouletsos et al. (2007, 2009) followed up the study reported in Kotzé et al. (2006)
with an experiment involving thirty-nine final year students who had no previous
knowledge of Ul web design or Ul usability principles. One group of students were
exposed to a set of guidelines that contained the required knowledge while the second
group used a set of patterns that had been created specifically for student learning and
contained equivalent knowledge. Some relationships were defined between the patterns
but a complete pattern map could not be created. The experiment tested the hypothesis
that there would be a performance difference between the two groups of students. The
experiment required the development of a half semester course covering these topics. A
series of standard teaching sessions introduced usability principles to the students. A
test followed to determine students’ understanding of the material. The students then

worked individually, developing a high fidelity prototype for a small web site.

A predetermined set of metrics was used to evaluate the web sites by three independent
assessors. Unlike previous studies discussed above, the prototypes created by the
patterns group were statistically significantly better than those created by the guidelines
group. They also found that using patterns facilitated communication of ideas but
pattern names were not perceived by the students as helpful and nor were the
relationships linking patterns.

Koukouletsos (2008) reported that the students tried:

*“... to understand the principles [by] relying mostly on the examples instead of
reading the text™ (ibid, p226)

confirming findings of Dearden et al. (2002a, b). But, it was by embedding these
examples within the text of a pattern that students perceived as particularly helpful
when compared to guidelines. This focus on the illustrated examples has also been
noted by other researchers (Chung et al. 2004, Segerstahl & Jokela 2006, Kotzé et al.
2006). After being exposed to both patterns and guidelines, at the end of the course
responses to a follow-up interview elicited a preference by all students for the Ul

patterns.
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The experiences reported above and summarised in Table 2.3, indicate that encouraging
students to consult a set of Ul patterns may improve their understanding of Ul design
(Borchers 2001a, Koukouletsos 2009) and can have a positive influence on the quality
of their work (Laakso et al. 2000, Griffiths & Pemberton 2004, Kotzé et al. 2006).
Teaching experience with Ul patterns indicates that the introduction of patterns to
students should be embedded within a design course (Laakso et al. 2000, Borchers 2002,
Griffiths & Pemberton 2004).

2.2.2 Teaching with Ul Patterns
Seffah (2003) identified Ul requirements gathering via patterns and guidelines as a

specific skill required by students studying Ul development. Kotzé et al. (2006) points

out:

"patterns seem to require more careful and thoughtful teaching approaches if we
want to realize their full potential” (ibid, p10.5).

But, few of the studies (Barfield et al. 1994, Koukouletsos 2008) discussed processes

for introducing the students to Ul design pattern languages.

The most comprehensive discussion of how to introduce students to Ul patterns is
provided in the curriculum discussion by Barfield et al. (1994). They designed a set of
three integrated courses that focus on a pattern-driven Ul design method. They did not

introduce this method until the second year

“because it builds on other skills (drawing, sketching, thinking) and because it is
fairly abstract, we cannot teach it earlier” (ibid, p75)

They indicate that they have a comprehensive set of exercises for teaching the students
how to write their own Ul patterns. Unfortunately, in more general computer science
and information technology curricula, Ul design is normally taught in one or at most
two courses so such an intensive, integrated four year approach is not practical.
Koukouletsos describes a half semester course for introducing students to Ul patterns
focussed on usability of Web sites. This may be more appropriate, although considering
the breadth of material required by most Ul curricula this too may be considered too
comprehensive a focus on Ul patterns.

None of the studies discuss the Ul design method they used with the students in any
degree of depth and the resultant designs are mostly low or high-fidelity prototypes.

Two of the more recent studies with professional subjects have involved conceptual
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model building (Lin & Landay 2008, Bernhaupt, et al. 2009). None of the education-
oriented studies used Ul patterns for guiding the development of any form of Ul
conceptual modelling, as described in the pattern-driven model-based Ul design method
described by Seffah and Gaffer (2007).

2.2.3 Potential for Learning and Teaching
Many of the findings from the teaching situation (Table 2.3) are similar to those

described by researchers investigating pattern use by designers (Table 2.2). The studies
by Wesson and Cowley (2003) and Kotzé et al. (2006) both report on the confusion new
Ul pattern users have in understanding the links between patterns. This similarity is not
unexpected because there is often a significant overlap between the profiles of the
research participants (e.g. novices) and the class composition of many Ul courses.
Findings from such research are likely to be indicators for using patterns in a teaching
situation. For example the investigations carried out by Dearden et al. (2002)
introduced Ul related patterns to subjects who had a variety of backgrounds, from web

design students to members of the public with no website experience.

The promised benefits of using patterns in Ul design reported in the general Ul patterns
literature (e.g. Erickson 2000, Granlund et al. 2001) would appear to be similar for both
Ul designers and students although educational requirements provide a different focus
for those benefits. Benefits can also be identified in other related literature including
that concerning pedagogical patterns (Fincher & Utting, 2002, Sharp et al. 2003),
introducing algorithmic patterns to students (Muller, 2005) and pattern-informed Ul
design methods (Seffah & Gaffer, 2007). Introducing students to Ul patterns has the

following potential benefits:

1. Help students process the knowledge more effectively because patterns organise Ul
design knowledge into chunks (Clancy & Linn 1999, van Biljon et al. 2004, Kotzé
et al. 2008). Patterns encapsulate best-practice Ul design and Ul expert experience

in an accessible form (Granlund et al. 2001, Sinnig et al. 2003).

2. Help communicate good design values to students (Borchers 2001a, 2001b, Fincher
& Utting 2002, Mahemoff & Johnston 1998) and help them become more aware of
users’ needs (Barfield et al. 1994).

3. Help students to bridge the gap between abstract and physical representations
(Wesson & Cowley 2003, Kotzé et al. 2008, Erickson, 2000, Seffah & Gaffer,
2007). A Ul pattern language is effectively a meta-language from which project-
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10.

11.

12.

13.

specific pattern languages can be produced (Erickson, 2000, Todd, 2004). Selected
patterns representing a Ul design can be instantiated to the design’s domain.

Help students retain the Ul design principles contained within Ul patterns (Borchers
2002, Seffah 2003, Koukouletsos et al. 2009, Granlund et al. 2001, Kotzé et al.
2006).

Help students to develop better quality Ul designs (Laakso et al. 2000, Griffiths &
Pemberton 2004, Kotzé et al. 2006, Segerstahl & Jokela 2006, Wania 2008,
Koukouletsos 2008, Mahemoff & Johnston 1998).

Help the average student more quickly learn and apply Ul design principles (Laakso
et al. 2000, Kolfschoten et al. 2010).

Help students develop Ul designs for unfamiliar domains (Chung et al. 2004,
Saponas et al. 2006, Koukouletsos et al. 2009).

Encourage a problem-oriented approach to Ul design (Seffah 2003).

Encourage and enhance communication between students (Finlay et al. 2002, Chung
et al. 2004, Griffiths & Pemberton 2004, Saponas et al. 2006, Schmidt et al. 1996,
Mahemoff & Johnston 1998) by providing a common vocabulary — lingua franca

that can be comprehended by all, regardless of background (Erickson 2000).

Help focus the discussion of students working in teams on relevant Ul design
problems (Davis 1986, Laakso et al. 2000, Bernhaupt et al. 2009). They may also
help encourage consensus (Bernhaupt et al. 2009) and ensure all members of the

team participate on an equal footing (Erickson 2000).

Aid student understanding of Ul pattern content through the use of illustrated
examples (Finlay et al. 2002, Chung et al. 2004, Segerstahl & Jokela 2006, Kotzé et
al. 2006, Koukouletsos 2008).

Make the Ul pattern content accessible to students through using a well defined and
easy to read format (Dearden et al. 2002, Borchers 2001a, 2002, Koukouletsos
2008, Granlund et al. 2001).

Help students develop projects incrementally because patterns aid piecemeal Ul
development (Bayle et al. 1998, Erickson, 2000, Dearden and Finlay 2006,
Schimmer and Slagter 2004).
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14. Help students create quality documentation because patterns can enhance the
documentation of completed Ul designs (Goldfedder & Rising 1996, Mahemoff &
Johnston 1998) and provide the background reasoning for design decisions
(Granlund et al. 2001).

However, problems have been reported by researchers in both student and designer-
oriented studies. Many of these problems were identified by the subjects themselves.
Issues that need to be considered when introducing students to using Ul patterns and Ul

pattern languages include:

1. Assimilating the information in Ul patterns requires time to read and understand
(Finlay et al. 2002, Chung et al. 2004, Segerstahl & Jokela 2006).

2. Excessive reliance can be placed on illustrative examples in the Ul patterns without
consulting the accompanying text (Dearden et al. 2002, Finlay et al. 2002,
Koukouletsos et al. 2009).

3. A Ul pattern’s solution needs a visual representation to help students identify the

essential elements (Chung et al. 2004).

4. Inappropriate pattern naming can lead to confusion and may result in inappropriate
use of a Ul pattern (Wesson & Cowley 2003, Kotzé et al. 2006, Segerstahl & Jokela
2006, Koukouletsos 2008).

5. Lack of understanding of the relationships linking patterns may lead to difficulty in
locating additional required patterns (Dearden et al. 2002, Finlay et al. 2002,
Wesson & Cowley 2003, Kotzé et al. 2006, Koukouletsos 2008).

6. When students are first introduced to using a Ul pattern language a facilitator may

be required to guide initial pattern selection using the links (Finlay et al. 2002).

7. The order and form of the patterns may influence students successful use of Ul
patterns (Dearden et al. 2002, van Biljon et al. 2004, Sharp et al. 2003).

8. The physical form in which the patterns are presented may influence how students
use them (Dearden et al. 2002).

On balance, the potential advantages of introducing Ul pattern languages to students
seem to outweigh any potential problems. Educators need to ensure that issues
identified above are addressed when introducing students to Ul patterns and using a Ul

pattern language.
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2.3 A Pattern Language for Teaching Ul Design

To improve the learning experience for Ul design students current pattern languages
need to be further developed (Borchers 2002, Finlay et al. 2002). Koukouletsos (2008)
extends this requirement by suggesting that a tailored Ul pattern language based on
existing Ul pattern collections should be developed to improve the learning experience
of students. He comments on the development of the pattern language he created for his

students:

“Considerable effort is needed to develop a pattern collection or language
acceptable and widely recognised as a rich body [...] providing advice and
guidance.” (ibid, p267)

Three factors identified as influencing the development of such a teaching language that

require further investigation are:

1. The nature of the information within the pattern, including the type of visual
elements required (Laakso et al. 2000, Dearden et al. 2002a, 2002b, Finlay et al.
2002, Wesson & Cowley, 2003, Chung et al. 2004, Kotzé et al. 2006).

2. The structure and form of a pattern, i.e. the ordering of content and the physical
presentation of each pattern to be used in student exercises (Dearden et al. 2002,
Finlay et al. 2002, Sharp et al. 2003).

3. The organisation of the pattern language (Dearden et al. 2002, Wesson & Cowley,
2003b, Kotzé et al. 2006, Wania & Atwood 2009).

2.3.1 The Nature of the Information
The first of the factors identified as influencing the development of a teaching language

focuses on pattern content because the reported studies imply that pattern content should
be tailored to enhance student learning (Laakso et al. 2000, Dearden et al. 2002a, 2002b,
Sharp et al. 2003, Chung et al. 2004, Kotzé et al. 2006, Koukouletsos 2008). A number
of studies have identified that the visual elements of a pattern are important (Dearden et
al. 2002a, b, Finlay et al. 2002, Chung et al. 2004, Segerstahl & Jokela 2006, Kotzé et
al. 2006, Koukouletsos 2008). Finlay et al. (2002) reported that the three sections their
subjects identified as useful were the problem statement, the illustrative examples and
the solution précis. The illustrations were seen as the most helpful component.

Observations by Chung et al. (2004) showed that the pattern names and diagrams
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illustrating the solutions were important, especially when their research participants
were searching for a pattern to help them solve a problem.

The visual elements used in patterns could be very important when using patterns with
students. Although in the reported studies the illustrations used in the patterns were
mostly examples, sketches representing the essential elements of the solution were also
present in some Ul patterns. Both types of illustration are discussed in more depth in

the following sections.

2.3.1.1 lllustrating Patterns
In the Alexandrian pattern form a sensitising image is a fundamental part of the pattern

(Alexander et al. 1977). This pattern language (Alexander 1979) is made up of patterns
that have at least two illustrations: the sensitising image after the name of the pattern
and the sketch near the end of the pattern highlighting the significant elements of the
solution. The sensitising image is essential to a pattern (Alexander 1979) and the large
size, position and layout indicates its importance. The name and the sensitising picture
are displayed on a single page with the remainder of the pattern’s content on the
following pages. Any illustrations accompanying examples in the body of the text are
small (under 4x5cm). The solution sketch is about one third of a page. Size indicates

that the sketch is more important than any illustrative examples.
In the Ul domain Graham (2003) considers the sensitising image to be

““a picture or diagram concerning, supporting or illustrating the pattern” (ibid,
p51).

An examination of the many Ul design-related pattern collections shows that there is a
key image near the beginning of each pattern. There is generally no size difference
between this illustration and those associated with the exemplars within the body of the
pattern (van Duyne et al. 2003, Folmer et al. 2005, Snow et al. 2006, Tidwell 2006).

There are exceptions. The illustrations accompanying Borchers HCI collection (2001a)
follow a similar size relationship as used in the Alexandrian patterns. Tidwell’s
Common Ground collection (1999) has no key illustration and examples are simply a
list of the names of Ul types. The comprehensive pattern collection of Schimmer and
Lukosch (2008) has reversed the size difference of the Alexandrian patterns with a
small half column key picture at the beginning of each pattern and larger images
illustrating examples near the end of these patterns.
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Many of the images illustrating the WU pattern language (Graham n.d.) are screen shots
from existing websites, as seen in many other collections. But some are not, for
example a photo of a spider at the middle of a web illustrates pattern 56 NATURAL
METAPHORS. Similarly, the UbiComp collection (Chung, et al. accessed 2007)
contains patterns where the images are from life, but these tend to be photographs
including people. The key pictures of the Schiimmer and Lukosch (2008) collection are
also photographs, often of people. Some of the patterns in the Yahoo! Design library

(Yahoo n.d.) are illustrated with animations.

When screen-shot illustrations dominate a Ul pattern there is the problem that users may
copy features shown in these illustrations before identifying the key features of a pattern
to determine which are relevant to their design (Dearden et al. 2002b). Finlay et al.
(2002) commented that:

“Some users focused exclusively on the illustrated examples.” (ibid, p10).

Using alternative pattern structures and formats may be required in some situations to
partially overcome this problem (Finlay et al. 2002, Sharp et al. 2003). The collection
maintained by van Welie, originally known as the Amsterdam collection, has undergone
major changes in structure over time and is now called “Patterns in Interaction Design”.
In one version of this collection (van Welie accessed 2007) the patterns are structured
along the lines proposed by Dearden et al. (2002b). This updated version has the initial
sections as: name, problem, solution précis followed by the key illustration. This layout
may help focus a student’s attention on the problem and solution and assist them to
consider what aspects of any illustration are relevant.

Laakso (accessed 2007) in her teaching collection has also placed an explanation first
but has not differentiated it into sections. This explanation is succinct and tries “to
emphasize the most interesting findings of each pattern” (Laakso 2003). The
illustrative examples that follow are clearly very important for these patterns. Each has
an explanation of how the example instantiates the pattern, thereby helping students

identify relevant features of each Ul pattern.

Another approach to this problem can be seen in some of the Ul patterns created by
Tidwell (2006) and Laakso (n.d.) where a number of illustrations (e.g. Tidwell’s pattern
39 DIAGONAL BALANCE and Laakso’s RULE STORAGE) have been annotated to
highlight key elements of the solution. A student using these patterns has their attention

drawn to the significant features the exemplar illustrates. Although this approach does
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not overcome the problem of students simply using the feature in their own design
without first considering its relevance, at least students would be copying a feature to

which the pattern refers.

2.3.1.2 Solution as a Sketch
Given that sketching is a powerful tool for exploring Ul design (Lin et al. 2002) the

sketching method used in a teaching pattern language must be rich enough to guide
students in the development of a model representing a user interface. Chung et al.
(2004) observed that some of their patterns were not used whereas others were. They

attributed this behaviour in part to the presence or absence of diagrams saying:
“hence visual representation of actual solutions worked best™ (ibid, p238)

Some Ul pattern authors have chosen to provide an illustrative sketch identifying the
main elements of the solutions for at least some of their patterns (e.g. Tidwell 1999,
Constantine 2003b, de Paula & Barbosa 2003, van Duyne et al. 2003). The
visualisation techniques used range from informal to formal: completely informal
sketches (Tidwell 1999, 1998, Borchers 2001a), slightly less informal screen sketches
and storyboards (van Duyne et al. 2003), semi-formal canonical abstract prototypes
(Constantine 2003b) or wireframes (Bernhaupt et al. 2009) and formal MoLIC diagrams
(de Paula & Barbosa 2003). As already discussed, such drawings could be as
fundamental to Ul design patterns as for architectural patterns, about which Alexander

says “a pattern must be drawable” (Alexander 1979, p267).

For many patterns small free-hand sketches illustrating the solution can be both easy to
create and to understand. On the other hand there is potential for them to be ambiguous
to readers unfamiliar with symbols that the author may consider to be universally
understood. In such situations there is no reliable way the reader can determine what
the intended meaning might be. Such lack of standardisation and the potential for

misinterpretation is undesirable for a teaching-focussed pattern language.

Visualisation of the solution provided via the use of sketching and storyboards, as in
van Duyne et al.’s (2003) book, could be suitable because these techniques are accepted
practice in user-centered design. They are regularly taught in introductory HCI courses
so students will generally be familiar with interpreting them. Another advantage is that
the sketching tool Denim (Lin et al. 2002) can be used to create these diagrams.
Consequently, they can easily be included to illustrate new patterns and also to develop

models of new Ul designs. But sketches and storyboards also rely on the user knowing
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what the symbols represent, especially the widgets used to represent conceptual models
of potential Ul components. Many sketches tend to include elements that look like well
known widgets. This can lead a student to visually matching to the closest widget in an

actual tool box rather than considering the underlying concept the Ul feature represents.

According to de Paula and Barbosa (2003), for many Ul patterns the use of sketches to
represent the solution is not sufficiently rich and what is required is:

““a representation language at a higher level of abstraction, and which focuses on

the possible interactions users may have with the system” (ibid, p1).

They propose the use of their Modelling Language for Interaction as Conversation
(MoLIC) to represent Ul interactions. They use MoLIC to represent the solution for
patterns where simple interface visualisation is insufficient to capture the details of the
interaction required in the design model. Using a formal approach like MoLIC
overcomes the problem of not knowing how to interpret the symbol set. It also provides
the students with a modelling technique that is removed from physical design elements.
But it is a complex method with which students are unfamiliar. Experience indicates
that students take time to learn how to effectively interpret and use more formal
modelling systems. It would be hard to justify adding a new obscure technique to an
already crowded curriculum. The other problem with MoLIC is that it focuses on
interactions to the exclusion of other aspects of Ul design. In a teaching pattern
language all aspects of Ul design need to be sketched, preferably with a consistent

minimal symbol set.

The Ul patterns Bernhaupt et al. (2009) developed relate to different stages of the
development cycle in the Ul design framework PD-MBUI. They use both semi-formal

and formal methods for visualising the main components of a solution saying:

“According to the level of granularity, wireframes feature a schematic
representation of the layout and the disposition of an Ul element (e.g. a page or a
form). Navigation diagrams are depicted using a formal description technique
named StateWebCharts (SWC).”” (ibid, p543)

Wireframes are used for designing layouts which implicitly indicates that Ul
components have mostly been selected by this stage. Like sketching these focus
students on toolbox components rather than the underlying concepts. But, like
sketching, wireframes are relatively easy to create. SWC is a formal method and has

similar difficulties to those identified for using MoLIC. This view is confirmed by
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Bernhaupt et al. 2009) who reported that users with little or no knowledge of SWC did
have problems.

For a teaching pattern language Constantine’s canonical abstract prototypes
(Constantine, 2003a) is a diagramming technique that can be easily sketched. Canonical
abstract prototypes provide support for the creation of abstract or conceptual user
interface models by students, based on the information contained in Ul patterns. These
could be sketched manually, or optionally semi-automated using software such as
Interface Architect (Phillips & Joe, 2005) or CanonSketch (Campos & Nunes, 2004).

Collection beside Content
@ Collection Synchronised
to selection in

the Collection
|:| Content

Figure 2.1- A simple abstract prototype example representing a collection of email
messages with the content of the selected message displayed

Campos and Nunes (2004) show how simple interaction spaces can be used to illustrate
spatial and layout features of a pattern solution. They use their own representation,
Wisdom, for modelling navigational aspects of a pattern’s solution rather than the
navigation maps (Constantine 1998) that Interface Architect uses. A conceptual Ul
model is viewed as consisting of a collection of interaction spaces and dynamic linkages
between those spaces. Interaction spaces are populated by abstract components (tools
and materials) which are accessible to the user. Some spatial information may also be

provided.

Canonical abstract prototyping is a semi-formal approach for creating conceptual Ul
designs. As can be seen in Figure 2.1, using these diagrams in a teaching pattern
language has the advantage of being similar to sketching and storyboards. This
minimises the learning hurdle for students, but has some of the advantages of a more
formal approach. There is a clearly defined minimal symbol set so that students are
focused on developing an understanding of Ul design at a higher level of abstraction.

2.3.2 The Structure and Form of a Pattern
One of the major findings of the study by Finlay et al. (2002) was that the structure and

format of patterns influenced their use. Borchers (2002) noted that he had to relax the
restriction that students use the Alexandrian format for the patterns they were
developing, and that students created well structured patterns. Unfortunately he does

not indicate which format, if any, the students preferred. Presumably sufficient students
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had difficulty with the text-oriented Alexandrian form compared to the named section
form used in the Common Ground collection (Tidwell 1999) to warrant lifting the
restriction. On the other hand, when guiding the development of pedagogic patterns,
Sharp et al. (2003) found that the participants preferred writing in Alexandrian form.
Clearly pattern form is important and more research is required to discover the factors
that influence the use of patterns in different domains, for different tasks and possibly

the preferred learning style of the user.

Ul design professionals and students both have problems using existing Ul pattern
collections. Research indicates that to improve usability requires a generalised, flexible
pattern structure (Segerstahl & Jokela, 2006) for storing patterns. It is reasonable to
conclude that a teaching language also needs a generalised and flexible pattern structure.
This would enable pattern information including the type of visual elements to be
selected and ordered for specific student exercises. Such a structure should enable
pattern content to be presented in alternative forms for different audiences and for
different situations (Fincher et al. 2002, Sharp et al. 2003). It should also help to
identify common elements across collections, to recognize the diversity among patterns

and to build thematic or meta-collections (Fincher, 2003b)

2.3.2.1 A Flexible Pattern Structure
A number of researchers recommended the use of XML to document patterns in order to

make them more easily accessible from different software tools (van Welie &
Traetteberg 2000, Borchers 2001b, Greene et al. 2002, Henninger et al. 2003). In 2003,
the participants attending the CHI Workshop (Fincher, 2003a) specified the first version
of a common form called PLML (Pattern Language Markup Language). It is an XML
DTD that defines a template for a pattern with its elements and attributes. The
development of PLML is an on-going project. An Extended Pattern Language Markup
Language (PLMLXx) was developed by Bienhaus (2004). An alternative development,
PLML v1.2, was proposed by Deng et al. (2006). This individualises some fields so
pattern content is more easily searchable. It identifies fields so that multiple examples
with associated images can be defined. Changes extend the definition to include
information that enables patterns from multiple collections to be searched and
restructured in to new versions. This format also contains fields for maintaining a
change log. This could be essential where educators are creating different versions of
patterns for their students when completing different tasks. Kamthon (2006) and

Henninger (2007) have described failings associated with using PLML. Henninger
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proposed using semantic net technologies to solve these problems and converted and
extended PLML into an ontology. He defined a framework named PFOWL which
enables patterns in different languages to be integrated via the inheritance structure.
Kruschitz (2009) has proposed an alternative framework, XPML, with an emphasis on
semantic mechanisms such as metadata, navigation and finding patterns. These
frameworks rely on the use of W3C open standards such as XML, RDF and OWL.

An automated tool for managing collections of patterns structured using one of the
derivatives of PLML could aid generation of existing patterns in alternative physical
forms. Patterns could then be more easily tailored to fit students’ needs as well as the
nature of the exercises they are completing. It would be possible to review existing
patterns that could then form the basis for constructing a teaching oriented pattern

language.

2.3.3 The Organisation of a Teaching Pattern Language
This section focuses on identifying the kinds of relationships linking patterns together to

form a pattern language. Indications are that the exploration of these relationships is
important for understanding the underlying structure of pattern languages. Such
knowledge is important for educators when selecting patterns for building a teaching-

oriented pattern language.

2.3.3.1 Relationships
It is important to identify the type of links that exist between patterns because a unified

pattern language for teaching requires an easily understood structure. In “The Timeless
Way of Building”, Alexander (1979) describes how a network of patterns can be built
by describing the links between the patterns variously as ‘contains’ or ‘needs’ when
referencing a lower level pattern. He describes the inverse relationship as ‘contained by’
or ‘is needed by’ which defines the context for a pattern (Alexander et al. 1977, px). He
comments that the patterns have to be applied in a particular ‘sequence’ to create an

appropriate and complete representation.
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Reference map Context map

m
\

Most patterns (except for those always at the apex of a hierarchy) complete others and

Figure 2.2 - Borchers’ HCI language maps

need others for their own completion. Related patterns (those higher up in the hierarchy
and those in the next level down) are mentioned in the context and reference sections of
a pattern respectively. The context and reference map for the seventeen patterns (nodes
H1 to H17) in Borchers’ (2001a) HCI language are shown schematically in Figure 2.2.
Note that the directional links do not accurately overlay in reality because it is difficult

to obtain complete accuracy (Todd et al. 2003).

Alexander Salingaros Moble Moble Fincher Schimmer
(Primary) (Secondary) {PLML)

contains contains LUses tiling contains Lses
variantuses
requires

contained by used by is-contained by

aeneralise  derives refines
refined by is-a specialises
solutionvariant variant
similar

sequUence sequence of sequUence
elaboration

complements combings

overlapping and
co-existence
alternatives conflicts similar

Table 2.4 - Examples of the variety of terms used to describe relationships
Another relationship type alluded to by Alexander (1979) is generalisation-
specialisation. He comments that it may be possible to refine a higher level pattern
from alternative solutions. Other types of relationships between patterns have also been

identified. Table 2.4 compares the terminology used by selected authors.

When Salingaros (2000) subsequently investigated the nature of the connections in
Alexander’s pattern language (Alexander et al. 1977), he included ‘contains’ and
‘derives’ (for generalisation) but omitted the notion of sequence. He also identified

another three relationship types: ‘complements, overlaps’, and ‘alternatives’.
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‘Complements’ is essentially the same as ‘contains’ but the two patterns involved can
appear at the same level rather than at different levels of the hierarchy (e.g. POSITIVE
OUTDOOR SPACE and WINGS OF LIGHT). “‘Overlapping coexistence’ refers to two
patterns which solve distinct problems that overlap (e.g. HOUSE FOR A COUPLE and
HOUSE FOR A SINGLE PERSON). Again, these patterns are all at the same level.

Alternative solutions to the same problem reflect the richness of a common language
evolving from individual pattern languages, particularly if they act at different places in
the hierarchy. According to Alexander (1979) there will be systematically different sets
of connections between patterns e.g. one group of people might have a connection
between COMMON AREAS AT THE HEART and FARMHOUSE KITCHEN whilst

people in another neighbourhood do not.

To determine a full set of relationships, it is useful to consider Noble’s (1998)
classification, developed from analysing a corpus of software design patterns. He
identified three primary and nine secondary relationships (Table 2.4). For the
relationship types ‘contains’ and ‘generalise’ as identified by Alexander (1979), Noble
(1998) uses the terms ‘uses’ and ‘refines’. The principal secondary relationships “used
by and ‘refined by’ are the inverse of these. The third primary relationship type,
‘conflicts’, refers to patterns that provide mutually exclusive solutions to similar

problems, like Salingaros’ (2000) “alternatives’.

Three secondary relationships ‘tiling’, “variant uses’ and ‘requires’ are special cases of
‘uses’. On the other hand both ‘solution variant’ and ‘similar’ are instances of ‘refined
by’. The former involves patterns where there are different tradeoffs between forces.
The latter describes patterns with similar solution techniques. ‘Sequence of elaboration’
refers, as in Alexander, to the list of patterns representing a specific design. When
patterns that are not in a hierarchical relationship need to be linked to solve a problem,
this is known as the ‘combines’ relationship. This is similar to the ‘complements’
relationship of Salingaros (2000).

Schiimmer (2003b) in his article on groupware patterns mentions several kinds of
relationships from which five key relationship types relevant to an HCI context have
been selected. These names are quite different from those specified at the CHI 2003
workshop (Fincher 2003a) which defined three relationships — ‘contains’, ‘contained by’

and ‘is-a’ (specialisation). The issue of naming relationships is a problem not only in
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the HCI community but also for other communities in which pattern collections have
been developed.

This discussion about relationships is not intended to be comprehensive, but sufficient
to form a basis for discussing the issues that will arise when using Ul pattern languages
in an educational setting. The basic relationships that would be expected to occur in
most Ul pattern languages are those defined at the CHI 2003 workshop. A rich Ul
pattern language could also have examples of one or more of the other relationships.
An important issue when teaching about user interface design, using patterns will be to
determine which relationship types are the most useful and how large a set of patterns is
appropriate for introducing students to Ul pattern languages.

2.3.3.2 Tools for Managing Ul Pattern Collections
Storing a teaching pattern language in a derivation of PLML should provide the

required flexibility but this will not be easily utilised without a pattern management tool.
Such a tool is required initially to provide easy access to existing Ul pattern languages,
then to enable ongoing modification as a teaching language develops. It should also
enable subsets of patterns to be selected and output in a format suitable for specific

exercises or groups of students.

A diverse group of pattern-oriented tools have been developed for creating, managing
and using Ul patterns. Deng et al. (2005) identified three categories:

1. Catalogue tools, which organise the patterns into different groupings for easy
browsing and may also provide some assistance for the creation and submission of
new patterns (e.g. Patterns in Interaction Design, van
Welie www.welie.com/patterns/index.php).

2. Management tools, which provide facilities for customising and presenting the
patterns in alternative forms as well as helping the user manipulate collections,
provide templates for pattern creation and mechanisms for linking patterns (e.g.
MUIP - Deng et al. 2005, MOUDIL Gaffer et al. 2003).

3. Pattern-based design tools, which provide support for pattern guided development of
Ul designs by automating some processes, such as, creating story boards or

generating code (e.g. Damask - Lin & Landay 2008).

The functionality of the pattern-based design tools may be useful for students to access
and use patterns when working on individual Ul design exercises but Ul design is
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primarily a team activity. As the design tools mature to fully functional groupware they
may facilitate team design exercises. But a number of researchers (Dearden et al. 2002a,
b, Finlay et al. 2002, Chung 2004) report that physical manipulation of patterns
presented on separate sheets of paper was an important ingredient for stimulating
quality discussion among members of design teams. More sophisticated Ul devices
such as interactive whiteboards may in future remove the need for using paper but
currently none of the systems investigated has this type of functionality. Cataloguing
tools could be useful for providing teachers and students with access to pattern
collections but management tools provide the flexibility and functionality required for
creating modified versions of patterns to create tailored pattern languages. With a
management tool teachers should be able to create new teaching-oriented Ul pattern
languages based on existing collections while maintaining links back to the original
patterns. They should also be able to create alternative ordering of content and different
presentation formats. Based on the results of reported studies a fully functional
management tool like the Managing User Interface Patterns (MUIP) tool (Deng et al.

2006) is probably the most useful type of tool for teachers of Ul design.

MUIP (Deng et al. 2006) has facilities for identifying and creating relationships
between patterns within and between different pattern collections. Being able to search
and organise patterns based on different fields should aid exploration of pattern
languages, help with comparison and help select suitable subsets of patterns for student
use. As patterns can be exported in alternative formats this should enable tailoring of
the physical presentation of individual patterns for use in student exercises.

2.4 Conclusion

This review focussed primarily on literature that can inform educators about using Ul
pattern languages as a teaching tool. A number of studies (Table 2.3) report experiences
of using Ul patterns with students. Some Ul design studies (e.g. Dearden et al. 2002b,
Chung et al. 2004) include either student participants or novice designers. All of the
studies identified a number of advantages in using patterns, with those involving teams
reporting that some aspect of communication between team members was enhanced.
Chung et al. (2004) reported that prior Ul design experience was more important than
using patterns when evaluating the designs created during their experiments but patterns
did assist less experienced members. Similarly, Laakso noted that providing a set of
patterns targeting Ul design errors commonly made by students, helped lower-
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performing students complete exercises more quickly and produce better quality designs.
Importantly, Borchers (2001b) reported that the students found patterns useful.

Thirteen benefits of using Ul patterns and pattern languages in an education setting have
been identified. Some of these concern patterns or pattern languages specifically, for
example making the material accessible through a well-defined format and at a suitable
level of granularity. Others relate to process, encouraging a problem-oriented approach
to design, helping students retain Ul design principles, and assisting them to bridge the
gap between abstract and physical Ul representations. In addition, there is the
promotion of design values and helping students to become aware of the needs of others
in order to develop solutions which have the ‘quality without a name’.

The studies reviewed identify issues that may cause problems when introducing
students to Ul patterns and pattern languages, and eight of these have been identified.
Two examples being Finlay et al. (2002) and Chung et al. (2004) had feed-back from
subjects that patterns contained too much information to assimilate within the time
available. Some of the studies (Dearden et al. 2002b, Wesson & Cowley 2003, Kotzé et
al. 2006) reported that their subjects had problems following the relationships between

patterns and hence developing an understanding the structure of a pattern language.

Often relatively simple issues proved to be significant, for example Wesson and Cowley
(2003) and Kotze et al. (2006) note that pattern names could mislead a designer trying
to identify useful patterns. Even the order of the sections in a pattern could influence
use (Dearden et al. 2002b, van Biljon et al. 2004) as could the physical form of the
pattern (Dearden et al. 2002a, 2002b).

There is clearly a need for a standardised pattern form (Fincher 2003a) such as using a
derivation of PLML as the basis for the storage structure for patterns. Such a form
should facilitate easier selection and manipulation of content, and presentation of that
content in a form preferred by the user. Such a form would facilitate further research
into the selection and ordering of the Ul knowledge contained in pattern form for
students. Investigations are needed to identify those sections of Ul patterns that
students find most useful, and both how and where to define the relationships linking

patterns into a pattern language.

In using Ul patterns the intention is not to introduce students to a corpus of solutions but
to assist them in understanding the underlying Ul design principles. To attain this aim

both the structure of the individual patterns and the pattern language used, need to be
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tailored specifically to the needs of the students. Although three factors were identified
from the literature as being significant to student learning there appears to be no
research that tested whether these factors influence student acceptance and the
usefulness of patterns as an aid for teaching about Ul design. In the context of teaching

Ul design, further research needs to identify:

1. How best to demonstrate the organisation and structure of a pattern language.

2. Which components of a pattern students find most useful and the significance of:
e Pattern names and the vocabulary used within a pattern,
e Pattern content order,
e lllustrations in patterns, including sketches highlighting a pattern’s solution.

3. What tools and techniques can successfully introduce students to using a pattern

language.
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Chapter 3: Characterising Ul Pattern Languages

Mullet (2002) has identified the organisation of a pattern collection as a major problem
when using patterns to guide Ul development. This problem has been described by
other users of patterns when designing new user interfaces (Wania 2008, Finlay et al.
2002, Dearden et al. 2002a, b, Wesson & Cowley 2003). A similar problem has been
observed when introducing Ul design students to working with a collection of patterns
(Dearden et al. 2002a, b, Wesson & Cowley 2003, Kotzé et al. 2006, Koukouletsos

2008).
Fewview literature
Propose
for Pattem Language A
characteristics -
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W

Investigate methods Tes=t the
for zelecting ~ walidation niles by
pattems to building pattem
descrbe a Ul maps

Figure 3.1 - Process followed for this investigation
The participants in the CHI2002 Ul patterns workshop (Mclnerney 2002) concluded

that pattern language organisation was an issue that required addressing, suggesting one

possible cause as being:

"Collections lack guidance on how to use patterns together as components to
solving a larger design problem.” (ibid, p3)

This chapter addresses issues related to the problem of recognising and using Ul pattern
language structure. Figure 3.1 shows the inter-relationships between the different parts

of this investigation.

After presenting a number of pattern language definitions as background, the literature
associated with validating pattern languages is discussed. Next, methods for selecting
patterns to model existing user interfaces are investigated. A set of validation and
maturity rules for determining the characteristics of a well structured Ul pattern
language is proposed.

3.1 Ul Pattern Languages

Patterns use and are used by other patterns forming a pattern language. Alexander
(1979) observes that a pattern language “not only connects the patterns to each other
but helps them come to life” (ibid, p315). There is a notion of hierarchy, with the

patterns below a higher level pattern referred to as its principal components.
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Nonetheless this hierarchy includes networks, and networks of networks. There is also
the concept of scale with smaller patterns being lower down in the hierarchy. A good
pattern language, therefore, depends on the structure of the network linking the patterns
together. A language is complete both morphologically and functionally when it can be
used to visualise the details of a solution and resolves all relevant forces (e.g. a language
for building houses). From a set of individual pattern languages, a larger, common

language can evolve (Alexander 1979).

There are many definitions of Ul pattern languages but one by Borchers (2001a)

captures the main characteristics:

“A pattern language is a hierarchy of design patterns ordered by their scope.
High-level patterns address large-scale design issues and reference lower level

patterns to describe their solution.” (ibid, p8)

Based on this definition and the preceding discussion, it is clear that a collection of
related patterns that are organised and linked into one or more interlocking hierarchies
may be referred to as a pattern language. However, it is not clear when a collection of
patterns evolves into a pattern language. Appleton (1997) provided a detailed
discussion of pattern-related terminology as it was used in the early stages of Ul pattern
development. He defined a pattern language as:

*“... a collection of such solutions [patterns] which at every level of scale, work
together to resolve a complex problem into an orderly solution according to a

predefined goal.”” (p 16)

This definition like that of Borchers (2001a) highlights the underlying hierarchical
nature of a pattern language based on some identifiable scale factors. It describes the
concept of the shared objective or predefined goal which could identify a root for a
pattern map. This definition indicates that the links between the patterns should exhibit
some recognisable harmony. In an analysis of the Alexandrian pattern language
(Alexander et al. 1977) Salingaros (2000) also highlights these “inherent structures and
relationships”. He considers that it is the connectivity rules between patterns that make

a collection of patterns into a language:

“A pattern is an encapsulation of forces; a general solution to a problem. The
‘language’ combines the nodes [patterns] together into an organizational
framework.” (ibid, p154)
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Pemberton (2000), when discussing Ul pattern languages again identifies connectivity
between patterns as the attribute that adds power to a pattern language:

"The fact that individual patterns are integrated into pattern languages ... enables
the collection of patterns to operate generatively, each pattern showing the sub-
patterns required to resolve more detailed design issues, in the context of the
larger design.” (ibid, p5)

Borchers (2001a) agrees with Pemberton (2000) and Salingaros (2000) and also
provides a more formal definition that identifies the synergistic effect when using

patterns together rather than individually saying:

“The context, together with the references, represents the added value that turns a

loose collection of patterns into a pattern language.” (Borchers 2001a, p71)

1. Anpattern language is a directed acyclic graph PL= (P, ) with nodes P =
[F1...Pn]and edges B =[R1,...Fm].
Each node F =F represents a pattem.
For two patterns P and @ = P itis said that P reference Qif and anly if there is a
directed edge F = R leading from P to (1
4. The setof edges coming from a pattern P e Pis called its references and the
set of edges coming to a pattern is called its ervironment.
b, Eachpattern P « P isan-uple
F=in,a, c,cop, s ctx, fl,...fn, el g, cel,...cem, pl,. pn) where:

Ly ka

N name a author c classification

co confirmability p prablem s solution

ct¥ context f1,.. fiforces U usahility

CON CONSEQUENCES el,.. g examples cel .. .cemcounterexamples

pl....pnrelated patterns

Table 3.1 - A formal pattern language definition (Acosta & Zambrano 2004, p80)
Borchers (2001a) also provides a formalised definition of a pattern language that
emphasizes connectivity. It was modified by Acosta and Zambrano (2004) primarily by
extending the element list that defines an individual pattern’s content and by using the
term environment rather than context when defining the directional links between

patterns. Table 3.1 shows their formal pattern language definition.

The different definitions all indicate that the links between patterns on one level can
form a higher-level pattern that includes information not available from the individual
patterns alone. This additional information is not available in the constituent patterns at
the lower level. Grouping that links lower-level patterns to higher-level patterns creates
a hierarchy of scale. This implies that it should be possible to describe a user interface
at different levels within a Ul pattern language hierarchy. A Ul can be described at

different levels of granularity, just as a road map can be either high level showing just
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the main highways, or low level showing details of the transport network from
highways down to walking tracks.

Salingaros (2000) makes the comment that:

“A loose collection of patterns is not a system, because it lacks connections” (ibid,
p154)

Thus implying that the quality and nature of the connections between patterns is what

determines whether a collection is a pattern language or not.

3.2 Validating Ul Pattern Languages

Only a few studies seem to have considered the quality of a pattern language’s structure
(Borchers 2001, Fincher 1999, Salingaros 2000, Todd et al. 2003, 2004). Salingaros
(2000) identifies two forms of connectivity when discussing pattern languages: external
connectivity and internal connectivity. These two forms of connection are central to

validating a pattern language:

External validation - Considers the relationship the language has to human function or

behaviour, or the “feel right” factor.

Internal validation - Examines the connectivity between the levels in the language’s

hierarchies to determine the “ability to combine” to describe higher order patterns.

External validation is related to the “Value System” identified by Fincher (1999), which
refers to that attribute of a pattern language that "is reflected by, and embodied in, their
sense of audience" (ibid, p2). It relates to Alexander’s ‘quality without a name’. For
user interfaces there are two obvious audiences, Ul design professionals and the users
who will work with the resulting system. A third group is students or trainees of Ul
design. According to Salingaros (2000) if a pattern language has external validity then

the reader should recognise this if they:
e Approach the language from the bottom-up,

e Can progressively build up in their mind the connectivity map from the small to the

large in a natural progression,

e Feel a sense of connection with the lower order patterns, because these patterns

relate to their own experience.
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This human dimension is an attribute of Alexander's pattern language (Alexander et al.
1977). , When discussing external validation Salingaros (2000) highlights this with the

following observation:

what demonstrates the patterns’ inevitability is their connection to

fundamental patterns of human behaviour and movement™ (ibid, p153)

When discussing external validity Salingaros (2000) implies that the pattern language
first has to have internal validity. Interacting with a computer via a user interface is a
human activity and the association between behaviour and action identified within the
architectural domain may also be present within the Ul domain. In more pragmatic
terms external validation can be discussed in the terms identified by the CHI2002
workshop participants (Mclnerney, 2002) as suitable for evaluating a pattern language:

breadth, depth, applicability, clarity and convenience.

Using a Ul pattern language that has proven external validity to guide Ul design is more
likely to result in a Ul design that possesses the ‘quality without a name’.

“Interaction designers can also aim at the quality without a name. When they
succeed, their interfaces become "transparent™ and the interaction acquires a
natural feel - it becomes a natural element of a user's daily life.”” (Barfield et al.
1994, p71)

Measuring such value is highly subjective.  But other researchers do report
improvements in the quality of the interfaces students design when they are encouraged
to use Ul patterns to inform their design efforts (Borchers 2001a, 2002, Griffith &
Pemberton 2004, Koukouletsos et al. 2009, Laakso et al. 2000).

Internal validation examines how related patterns are linked together. A graph created
by connecting every pattern in a pattern language is referred to as the language map.
Salingaros (2000) makes the observation that a pattern language map is not a simple
hierarchical tree structure because a pattern language may have more than one root.
Although he implies a sub-system within the language may culminate in a single root

node.

When discussing what characterises patterns and pattern languages, Fincher (1999)
identified five elements that need to be considered. Of these only the 'Organising
Principle’ relates to internal validation. It refers to the way patterns relate to each other,

so that they can be arranged based on some recognisable scaling factor such as system
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level to widget level. Salingaros (2000) agrees that this principle is important to

internal validation saying:

“One of the principal methods of validating a pattern language is that every
pattern be connected vertically to patterns on both higher and lower levels.” (ibid,
p156)

When defining a pattern language, Borchers (2001) identifies the context of a pattern as
those patterns that reference it (environment in Table 3.1). This indicates that pattern
languages which comply with Borchers definition should have the same map for the
context links as for the reference links. He says “the context is the ‘inverse function’ of
the references” (ibid, p72). This observation is consistent with research by Salingaros
(2000), which shows that internal validity of a pattern language can be established by

examining the connectivity between patterns. He says:

“Graph theory visually illustrates some key aspects of pattern languages: how
patterns combine to form higher-level patterns containing new information; how
linked patterns exist on different levels; how to find patterns in a new language;
and how a pattern language is validated through its connective structure

independently of each individual pattern’s validity”” (ibid, p149)

The Alexandrian pattern language (Alexander et al. 1977) has different context and

reference maps, which Borchers (2001) explains is because:

“Alexandrian patterns are, above all, a didactic medium for human readers, even
(and especially) for non-architects. To Alexander this quality has priority over a
mathematically correct representation’ (ibid, p22)

Salingaros (2000) does not draw attention to the inconsistencies in the Alexandrian
pattern language but he does indicate that languages are developing and evolving, and
may contain inconsistencies at any point in time. He discusses how pattern languages
may evolve indicating that as a pattern language matures the connections within the
levels increase and a pattern language:

*“... develops coherence over time [and] may also develop a degree of self-similar

scaling as a result of the connections across levels” (ibid, p159)

Salingaros implies that the connections between levels and within levels in a pattern
language are factors in determining a pattern language’s maturity. By developing the

map of an existing Ul pattern collection the Ul designer should get an indication of the



Chapter 3: Characterising Ul Pattern Languages 55

maturity status of the collection. It should be possible to organise nodes within the map
into one or more hierarchies where the higher-level patterns provide a conceptual
description of an interface and also provide the context in which the lower level patterns
could be used. Reading across levels could provide descriptions at different degrees of

granularity.

Both Salingaros (2000) and Borchers (2001) identify spatial hierarchies based on size
from small-scale objects up to larger-scale ones. Borchers says that there are two
spatial dimensions, possibly three, that need to be considered in Ul pattern language
hierarchies. He does not identify them. Both writers identify a temporal hierarchy that
relates patterns that follow each other sequentially in time (i.e. an object based on one
pattern cannot be accessed before an object based on a proceeding pattern has been
accessed). Each of the different types of hierarchy may provide an alternative view of
participating patterns. These provide alternative views of the user interface, like the
different views of real world features provided by: topographical maps, cadastral maps

and marine charts.

3.3 Selecting Ul patterns from a Collection

To develop a better understanding of the internal structure of Ul pattern languages two
collections that at the time had featured in other studies (Borchers 2001, 2002, Dearden
et al. 2002a, b, Laakso et al. 2000, Wesson & Cowley 2003) have been used to guide
the development of descriptions for existing Uls. From the literature a number of
different Ul design methods that used patterns have been identified but most (Section
2.1.3) were not specific about the procedure for selecting patterns from an existing set
of Ul patterns. At the time this study took place two of the more complete descriptions
were those by Tidwell (1998, 1999) and van Duyne et al. (2003).

One method for selecting patterns both these authors suggested is to simply pick out

patterns that appeared useful from the collection. Tidwell (1999) suggested
“... read through the language, and pick out the patterns™ (ibid, p9)

This approach does not use any of the relationships between patterns to guide the
selection process. To explore the organisational features of pattern collections, more

formal processes have been investigated for selecting patterns to ‘model” existing Uls.
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3.3.1 The Common Ground Pattern Collection
Tidwell in “Common Ground” (1999) suggested two ways her collection of patterns

might be used.

QUESTIONS

1. Whatisthe basic shape ofthe content?

2. Whatisthe basic shape ofthe actions takenwith the arifact?

3. How dothe content or available actions unfold beforethe user?

4. How doesthe adifact generally use space andthe user's attention?
A, Howisthe content ar action ergamized intowoarking surfaces?
4]
7
a
]
1

. How canthe usernavgate through the arifact?

. Whatspecificactions shouldtheuser take?

. Howe canthe usermaodify the artifact?

. Howy canthe arifact he madevisually clear and aftractive?
0. Howy else canthe atifact actively support the user?

Table 3.2 - Tidwell’s (1998) set of Ul design guidance questions
Tidwell’s first approach uses a series of questions to guide pattern selection. The
questions are reproduced in Table 3.2 with the key words highlighted in bold. Each
question is associated with a group of patterns which provide solutions to different parts
of the problem identified by that question. The suggested approach starts with “broad
strokes” by selecting patterns that answer the first two questions about the Ul being
modelled. The approach suggests working down through the questions, selecting

patterns for each one, to describe the Ul in increasing detail.

SUB-LANGUAGES

Narrative

High-density Information Display
Status Display

Control Panel

Form

WYSIWYG Editor

Composed Command

Social Space

Navigable Spaces

Step-by-Step Instructions

Table 3.3 - Tidwell’s (1999) set of Ul design sub-languages
Tidwell’s second approach uses sub-languages, an alternative organisation of the

patterns. These sub-languages are listed in Table 3.3. Each sub-language groups
together patterns that are regularly used in combination with each other and are based
on one dominant pattern which gives its name to the sub-language. When a designer
identifies one of these sub-languages as appropriate for their design they can restrict
selection of patterns for describing details to just the patterns contained within the sub-

language.
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Figure 3.2 — Screen dump of the Outlook Today view, 2003.
To test these two approaches, patterns have been selected to describe the ‘Outlook
Today’ view from Microsoft’s Outlook tool (Figure 3.2). This interface has been
chosen because it is comparatively well known, widely used and relatively complex.
Applying Tidwell’s first approach, twenty-three patterns have been selected to describe
the example Outlook Today view and these are listed in the PATTERNS column of
Table 3.4 (col. 2).

Using Tidwell’s second approach, two sub-languages have been selected from the list of
sub-languages shown in Table 3.3. The set of patterns associated with these two sub-
languages are listed in the SUB-LANGUAGE columns of Table 3.4 (cols 3 & 4). Eight
of the eleven patterns in the ‘High-density Information Display’ sub-language (col. 3),
are relevant (non-relevant patterns italicised). Nine of the twelve patterns from the
‘Status Display’ sub language (col. 4) are relevant. The two selection approaches
resulted in the identification of many common patterns. But, the sub-language-based
approach identified patterns from only five of the ten groups identified by the question-

based approach.
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PATTERHS
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Display
SUB-LANGAUAGE

Status Display
SUB-LANGAVAGE
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shape of the 3 Status dizplay
content?
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attifact actively 51 Importart message

Table 3.4 - Selected patterns describing the Outlook Today view using questions and
sublanguages from Tidwell’s collection (1998)

The sub-language-based approach to selecting patterns results in an incomplete list of

patterns to describe the Outlook Today example. Therefore this approach would only

be a starting point for selecting patterns to describe a Ul. Following the question-based

approach results in a more complete list of patterns. Attempting to describe the Outlook

Today example by following the links is difficult, confirming the views of other

researchers (Dearden et al. 2002a, b).
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3.3.1.1 The Pattern Map
Tidwell notes that her collection of patterns does not appear to be in the form of an

Alexandrian pattern language because as she says:

“I haven't yet been able to draw a coherent diagram of the whole language, nor

define clear linear paths through it.”” (Tidwell 1999, p9)

) [ . R
" m _________ = context
: O — reference

[ Z» other
<« =matched

Figure 3.3 — Pattern map of the twenty-two linked patterns describing Outlook’s ‘Outlook
Today’ view

To check this assertion a graph has been created linking just the twenty-two patterns
selected using the question-based approach, as shown in Figure 3.3. This graph (called
a pattern map) identifies every link mentioned in any section of the participant patterns.

The links have been classified into four groups.

The majority of the links can be found in either the ‘Resulting context’ section or the
associated ‘Notes’ section of the patterns comprising the pattern map. These are
references to patterns that could be used for designing further details of the pattern that
contains the reference. These links are classified as ‘reference’ links (similar to

PLML’s “contains’ links). An example is the link between patterns 12 and 15.

The next two groups of links identify those patterns mentioned in the context section of
a pattern (similar to PLML’s ‘is-contained-by’ links). Where the link in the context
section of pattern A identifies pattern B, and pattern B contains a reference link back to
pattern A, then the links are combined and classified as ‘matched’. An example is the
link between patterns 8 and 27. Where there is no match then the links are classified as

‘context’ links. An example is the link between patterns 2 and 11.
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The last group of links are those that are found in the solution section of a pattern. An
example is the link between patterns 19 and 3. These are classified as ‘other’.

Analysis of the graph seems to support Tidwell’s assertion that the graph structure for
the Common Ground patterns is incoherent. Only nine of the context and reference
links between pattern pairs match each other. The link structure appears to be overly
complex. There does not appear to be any obvious structuring into one or more

interlocking hierarchies and levels of scale are not easily identifiable.

3.3.2 The Design of Sites Pattern Collection
Like Tidwell (1999), van Duyne et al. (2003) place their suggestions for pattern

selection in the context of user-centered design. One major difference is that Tidwell’s
patterns are for general interface design while van Duyne et al. specifically target their
patterns at web design. van Duyne et al. classified their patterns based on the types of
issues a Ul designer needs to address. They used statements to identify the twelve

groupings from A to L as shown in the Id column of Table 3.5 (Col. 1).

Two approaches have been by suggested van Duyne et al. (2003) for selecting suitable
patterns based on the organisational features of the collection. The first approach is
similar to Tidwell’s question-based one, in that it advises the designer to start by
selecting a pattern from the Site Genres set, then move through the groups from A down

to L selecting appropriate patterns from each group.

Their second approach uses the patterns listed in the section labelled “CONSIDER
THESE OTHER PATTERNS?” at the end of each pattern. This section corresponds to
the section in the Common Ground patterns (Tidwell 1999) labelled ‘Resulting context’.
In the Design of Sites patterns the equivalent to Tidwell’s ‘Context’ section is labelled
BACKGROUND. These lists define the link structure of the Design of Sites pattern

language.
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[[¥] MANME BACKGROUND COMNSIDER THESE OTHER PATTERNS {reference)
{context)
A-SITE GEMRES
A% |Educational Forums a2, 43 |43, B1, €1, D2, D4, D5, E2, E6, HL, H2
B- CREATIMNG A MAVIGATION FRAMEW ORK
Bl [Multiple WaysTo MNavigate Aa1-11 B2, B9, H1, HE, 16, J1, 12, K2, K4, K9
2 |Browsable Content Bl B3, B4, BS, BA, BY, B2, B9, D2, EL, 11,13, K2, K3, K&
E3 |Hierarchical Organisation El, B2 E4, BS, BS, B7, BS, K11
Ed |Task-Based Organisation El, B2 E=, BE, H1

E& |Category Pages E1-7

O, 02, 11,13, 11, K2, K3, K&

C- CREATING APOWERFULHOMEFAGE

1 |Home Portal ELl

L=

E1, B2, C2, 01, D2, D4, EL E4, [1,12,13, K2, K4, K7, K9, K10, L2,

(2 |Up-FrontValue Proposition 1l

El, =

L- WRITING AND MAMAGING CONTENT

D1 |Page Templates a1-11, B2, BS

D2, 11,13,14,15, 16, k2,11, 12, L3 LS

D2 [Content Modules E2, 'L

D1,D3, 04, 16, K8

A2, AZ, ALL, CL, D

D3 |Headlines AndEBlurbs D2 [0S

C7, D9, 16

D7 |Inverse-Pyramid WritingStyle  |B1, B2, B3, B9

-

D2, Do, 09,12, K7, K9, K11

E—BUILDIMNG TRUST AND CREDIBILITY

E1l |Site Branding A1-11, 1, C2

13, K2, L1

EG |Secure Connections EZ

E=,F1, K4, H1, HZ, H4

F—BASICe-COMMERCE

G- ADVANCED &-COMMERCE

H—HELPING CUSTQOMERS COMPLETE TASES

H1 [FrocessFunnel A1, A4, ALD, ALL

IS, i, K7, K12, K13

A1, &4, A0, ALL, E1, F1, 54, H2, HS, HE, HT, HE, 12, K2, K2, K4,

H2 [Sign-In/MewAccount D, 53

[, E3, E4, ES, HL, K12, K13

| —DESIGMING EFFECTIVE PAGE LAY QLTS

I [Grid Layout DL 12, 13,13, 15 DL 02,12,13 1112, 13
13 [Clear First Reads DL 11,12, 13,15 DL 11,12, 13,15, 12, 12, (3
I5 [Fixed-Width Screensize 0L 12,13 DL 1L, 12,14
Consistent Sidebars Of Related
g |-onESEoAERAs BT REEE ey b g2, K D1,02,03, D4, D8, 62, KL, 17, ke

Content

J—MAKINGSITESEARCH FAST AND RELEVANT

JL [Search Action Module El, B2 12, 4,12, 13

12 |StraightforwardSearch Forms UL ]

13 |OrganisedSearch Results UL, 12 E2, D, D9

= MAKE MAVIGATION EASY

k2 |Mavigation Bar El, B2, J1 13, 3, K10, L2, 14
k4 |Acti on Buttons E1, HL k2, K5, L1, L2, B2
K7 [Embedded Links El, B2, K10 L0, K2, K2, HS

I3 [External Links A5

k=, 02 H1, Ha

F2 |Descriptive, Longer LinkNames |BL, B2, 16, K2, K2 ES, D7, K7, K10, K11

FLO| O bwious Links 2, ki, K7, K3 B2, K2, K4, K, K7, K3, K9, K11
F11|Familiar Language E2, 13, D7 EZ, K2, K9, K10
F12|Preventing Errars K13 F1, K13, H1, H2

FL3|Meaningful Error Messages 112
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L-SPEEDIMG LUPYOURSITE

Table 3.5 - Patterns selected to describe parts of Massey University’s web site (2003)
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Figure 3.4 - Screen dump of the Massey University’s Home page (accessed April 2003)
To trial the two approaches, patterns have been selected to describe the home page of

Massey University’s web site, Figure 3.4. This was typical of university sites at that
time, and this was a site familiar to all students at the university. First, the groupings
approach defined by van Duyne et al. was applied. Starting with the site genre pattern
A8 EDUCATIONAL FORUMS, patterns from each relevant group have been selected
from the ID column in Table 3.5 (col. 1).

When selecting patterns a broad interpretation of the patterns had to be used. Some of
these patterns not only describe the Ul design details but also refer to software design
and implementation details. An example is when using the patterns to model an
existing site from a user’s perspective as there is no way of knowing whether the site is
dynamic with content stored in a database. Patterns with such references have been
included because the visible features and behaviours appear to conform to the pattern’s
descriptions. The thirty-two selected patterns are listed in the NAME column of Table

3.5 (col. 2). They are organised by pattern group.

To trial van Duyne et al.’s second linked-based approach, a pattern map was
constructed but it proved to have too many patterns and links to be helpful. An
equivalent tabular representation was then created but this too was difficult to navigate.
Therefore a modified method has been developed that uses the subset of the patterns
selected using the grouped-based approach. Using the tabular representation, for each
pattern identified in the NAMES column of Table 3.5, the context and reference links
have been listed in the BACKGROUND column and ‘CONSIDER THESE OTHER
PATTERNS’ column shown in Table 3.5 (cols 3 & 4).
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Analysis of these links shows much repetition in the lists, for example the pattern D2
CONTENT MODULES is referenced from eight different patterns from six of the
groupings (Bold). D2 also references five patterns of which four have been selected for
describing some aspect of the Massey University home page. Of these four patterns,
only one (D3) has a matching reference in the Background section (context). The other
three referenced patterns (D1, 16 & K8) also re-reference pattern D2 effectively creating

a set of circular references.

Inheritance does not appear to have been used in structuring this collection of patterns.
If the pattern D2 is implemented to manage the active areas on pages in the web site it
seems logical it would be implemented for the whole web site. Therefore it only needs
to be associated with the first pattern in the network A8 EDUCATIONAL FORUMS.

But, the multiple references to patterns should make independent use of a pattern easier.

There appears to be a tension between defining links so that a pattern can be a
standalone item of Ul knowledge and defining links so the synergistic power of a
pattern language can be realised. Defining patterns for standalone use results in an
overly complex web of redundant links. This complex network would not encourage
students or novice to use the link structure because many more decisions have to be
made than would be necessary if the pattern languages’ structure was simplified by
removing redundant links. This conclusion, leads into the research question guiding the
next stage of this investigation - what attributes characterise a well structured Ul pattern

language?

3.4 Measuring Internal Validity

It is not clear when the structure of a collection of patterns has developed to the extent
that it should be called a pattern language. One approach that might make this point
clearer is to evaluate a pattern collection’s internal validity. Based on the earlier
literature review the following tests (Todd et al. 2003) have been proposed to identify

the attributes of a pattern language that contribute to internal validity:

Test-one: Do the reference and context links between the patterns form a pattern map?
(Borchers 2001, Fincher 1999, Salingaros 2000)

A reference relationship links into those ‘lower-level’ patterns needed to
instantiate the pattern. The context relationship defines a ‘parent’ pattern or

part of the context in which the pattern can be used.
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Test-two: Can the map be ordered into a hierarchy of layers? (Borchers 2001, Fincher
1999, Salingaros 2000)

Once one or more roots have been identified then the number of levels below a
root can be counted. A level is counted if it includes more than one pattern. A

sequence of patterns does not necessarily indicate the same number of levels.

Test-three: Can the layers making up the hierarchy be used to describe a Ul at different

levels of granularity? (Fincher 1999, Salingaros 2000)

This criterion is ‘defined by example’, that is, by providing a hierarchy of

descriptions based on the levels for an example Ul.

Test-four: Does the context map match the reference map? (Borchers 2001, Salingaros
2000)

The reference map is created using just the reference relationships defined in
the patterns. The context map is created using just the context relationships
defined in the patterns. An idealised map can be created for a collection where

every reference-link and every context-link are assumed to match.

Test-five: How 'rich' are the links within and between each level of the hierarchy?
(Salingaros 2000)

When a language map is ordered into a hierarchy some links may link patterns
within the same level. Other links may go between patterns separated by more

than one level.

Test-six: Can the patterns be organised using different classification categories thereby
providing alternative views? (Borchers 2001, Salingaros 2000)

To be classed as having internal validity, a collection of patterns should pass the first
four tests. These tests define the primary attributes for describing a pattern language.
The last two tests define the secondary attributes of a pattern language. Together the
primary and secondary attributes describe the maturity of the language. The tests can be
used to define the maturity status of a collection of patterns and will be referred to as

Test-one to Test-six.

To evaluate these six tests they have been used to score several existing Ul pattern

collections. The following section reports on the evaluation.
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3.5 Evaluating Pattern Collections

The collections of patterns that have been used to evaluate the tests in the following
sections are not related to those used in the development of the tests (Todd et al. 2004).
The Ul pattern collections investigated are from those proposed by van Welie (accessed
2003) and Borchers (2001a).

The two collections created by van Welie are the graphical user interface patterns
collection (GUI collection) and the web interaction design patterns collection (WEB
collection) both versions accessed in 2003 (http://www.welie.com/patterns). These

collections are works in progress and have undergone a series of changes over time.
Not only have new patterns been added to the collection, but also the format used to
describe the patterns has been modified a number of times. The versions used in these
case studies were those accessed in 2003.

The final collection evaluated was the human computer interface pattern collection
(HCI collection) created by Borchers (2001a). He classified his collection as a pattern
language but van Welie referred to his as pattern collections. These collections have
been selected because they contain a manageable number of individual patterns and they
are representative of the types of Ul pattern collections available at the time.

3.5.1 GUI Pattern Collection
The GUI collection contained twenty-seven patterns when analysed. The patterns are

organised into six groups: Modes, Navigation, Guidance & Feedback, Presentation,
Physical Interaction and Selection. The context section of each pattern defines the
functional situation in which the pattern can be used without referencing higher-level
patterns. Both context and reference patterns are identified in the "Related patterns”

section.
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Figure 3.5 — Language Map for GUI collection.
(Website accessed — August 2003)

A language map for the GUI patterns has been created from the links identified in the
‘Related patterns’ sections (Figure 3.5). There are few linkages between the individual
patterns; therefore the collection does not pass Test-one. This analysis indicates that the

GUI collection is, as the author indicates, rather immature.

3.5.2 WEB Pattern Collection
In the WEB collection the reference links are found in the section labelled ‘Use when’

and the context links are found in the ‘Related patterns’ section. When analysed there

were fifty-six patterns in the collection plus fifteen pre-patterns.

The language map is shown in Figure 3.6. The defined patterns have been organised
into seven groups based on functionality; Search, Site Types, Basic Interactions, Page
Elements, User Experiences, Navigation and E-commerce. There is also one reference
to a pattern in the GUI collection. Pre-patterns are represented by dashed rectangles
with names in italics. Nearly half of the fifty-six defined patterns are not linked into the
language map. Therefore based on this pattern map the collection fails Test-one.
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Figure 3.6 - Language Map for WEB showing just prelude and postscript links
(Website accessed - April 2003)
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A second language map has been created for this collection to include any reference to a
pattern mentioned in any section within a pattern's definition (Figure 3.7). Most of
these links are identified as ‘other’ in the diagram but where it is clear the link to the
pattern complemented an existing reference or context link then the link has been

classified as ‘matched’.

An examination of both the graphs created for the WEB collection (Figure 3.6 & Figure
3.7) indicates that there is no one pattern that can easily be identified as a root node for
a hierarchical structure. This collection appears to be a composite of many overlapping
hierarchies, one for each of the seven Site Types, e.g. the E-commerce site hierarchy.
This composite collection is more complex than the GUI collection and therefore it has

been evaluated against each of the validation tests in turn:

Test-one: The WEB collection could pass this test if the pass condition is relaxed
because only six patterns remained unlinked on the second pattern map (Figure
3.6).

Test-two: The patterns have been organised into seven groups that may identify levels
within the potential hierarchies but as yet only sub-trees and sequences of

patterns have been identified. Therefore the collection does not pass Test-two.

Test-three: A pass for Test-two is a prerequisite for a pass of this test so Test-three fails.
It may be possible to use patterns in the seven groups to describe different

levels of detail once the collection has developed sufficiently to pass Test-two.

Test-four: Matching the context and reference maps is not possible without further
analysis to define the direction of all the links represented in the graph. This
analysis also raises the question as to which types of link should be included in

the language map.

Test-five: In the future this test may be met. Many links are between patterns within the
classification groups which may denote a degree of richness developing within
levels of the collection.

Test-six: This test may be passed if hierarchies starting with the *Site Types’ patterns
are more clearly developed. As many links in this classification are within it, it
is possible that interlocking hierarchies for providing different views of a
specific Ul can be created. For example, a hierarchy starting with the

‘Corporate Site’ pattern includes an ‘E-Commerce site’ hierarchy (Figure 3.7).
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3.5.3 E-commerce Hierarchy
There are a number of hierarchies making up the WEB collection. These can be classed

as Ul pattern languages in their own right. There is a precedent for this as Alexander
(1979) talks about the pattern language for the garden and the pattern language for a
house as being components of his architectural pattern language.
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Figure 3.8 — The pattern map for the E-commerce hierarchy.
The hierarchy headed by the E-commerce pattern from the WEB collection has been
selected for evaluation against the six maturity tests. This hierarchy is reasonably well
developed and contains twenty-five patterns, as shown in Figure 3.8. These patterns can
be organised into a hierarchical structure with a single root and four recognisable levels.
The patterns in each level of the e-commerce hierarchy can be classified into one of the
seven groupings used for the whole WEB collection identified in Figure 3.7.

Sitetypes

User Experiences

N\

Page elements E-commerce

Basicinteractions ~ Search  Navigation
Figure 3.9 - Patterns groupings identified at each level of the E-commerce hierarchy.
Figure 3.9 shows the classes matching the levels in the e-commerce hierarchy shown in
Figure 3.8. The patterns making up level three of the e-commerce hierarchy are mostly
from the ‘Page Elements’ and ‘E-commerce’ groupings. Level Four of the hierarchy is

composed of patterns mostly from the “Basic Interactions’, ‘Search’ and ‘Navigation’
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groupings. So are the patterns in level Five, for example the ‘ldentity’ pattern
references the ‘Registration’ pattern both of which come from the Navigation grouping.
These chains of patterns could have been modelled across the level like the patterns
‘Double tab’ and ‘Bread crumbs’ from the Navigation class. Clearly there is a great
deal of flexibility in how a hierarchy could be developed when there are multiple links
between patterns and links between patterns within a grouping. The e-commerce

hierarchy is sufficiently complex to be evaluated against the six internal maturity tests.
Test-one: The E-commerce hierarchy passes Test-one as all members are linked.
Test-two: This test is passes because it can clearly be organised into a hierarchy.

Test-three: This test could also be passed. The patterns in each level can be used to
describe a web site at different scales or levels of granularity. Figure 3.8
provides an overview of this hierarchy. The root node defines the application
area then the two patterns at level one identify the main areas of the web site.
The third level describes ‘smaller’ Ul components. An example e-commerce

web-site Ul would need to be developed to guarantee an unambiguous pass.

Test-four: The E-commerce collection of patterns does not currently pass this test. The
pattern map shows that only three of the links match. Two of the links are

context only links with the majority being reference links.

Test-five: This test maybe passed because the E-commerce Site collection has a
reasonably rich set of connections within each level and between levels without
excessive redundancy. There is one apparently redundant link between the ‘E-
commerce Site’ pattern and the *Product Comparison’ pattern. This pattern is
also referenced from the ‘Shopping’ pattern, which seems to be a better
representation. The two links into the *Identify’ pattern from the ‘E-commerce
Site’ pattern and the ‘Shopping cart’ pattern can be justified because scenarios
can easily be created where a user of a web site might like to identify
themselves on first entering a site, but would not be obliged to do so until they
want to use the virtual shopping cart. Creating the hierarchy is subjective, but
between twenty-one percent and twenty-six percent of the links are either

within or between levels depending on which links are counted.

Test-six: The E-commerce hierarchy may pass this test but determining what constitutes
an alternative view is subjective. The two patterns in the first level could

provide ways of describing parts of this collection from different points of view.
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The hierarchy of nine patterns linked to the *‘My Site’ pattern can be used for
viewing the Ul as one that could be personalised. The seventeen patterns in the

‘Shopping’ hierarchy describe a shopping experience view.

3.54 HCI Pattern Collection
Borchers (2001) HCI collection is published with a map of the language (ibid, Figure 3,

page 375). The pattern descriptions of these seventeen patterns are similar to the
Alexandrian format (Alexander et al. 1977). Each of the patterns is identified by
number but although the root is identified by 'H1' the higher numbers do not identify
patterns only in the lowest level as in Alexandrian pattern language (ibid). For example,
the pattern ‘Flat and Narrow Tree’ which occurs on level three below the root has the
identifier ‘H7".

H1-Attract-engage — 1. Diagram, context & reference
deliver | e 2. Diagram & context
e 3. Diagram & reference
N~ 2 - 4. Text only — context
---------------------------- 5. Text only — reference
H2-Attraction v -
Space H3-Cooperat|ve H9-Closed
Experience Loop

H12-Innovative [\ H11-Domain H5-Simple Hé-Incremental | | H8-Augmented | fH13-Immersive|.| H4-Easy H16-Information
Appearance ‘ Appropriate Impression Revealing Reality 4 Display Handover Just-in-time
devices = 7" g 7

_______ NP
/ e
2.7
ly
H14-Invisible H15-Dynamic H7-Flat and H10-Language
Hardware Descriptor ‘\ Narrow Tree Independence

H17-One
Input Device

Figure 3.10 - Idealised HCI collection language map combining all sources of link
information.

The published map (Borchers 2001) has been compared with the definitions of the
individual patterns by matching the context and reference links found in the pattern
definitions with the arcs on the pattern map. The types of line representing the links on
the diagram in Figure 3.10 are the result of this analysis. Five states have been
identified:

1. The link appears on the diagram and the context and reference relationships in both

patterns match.

2. The link appears on the diagram and is defined as a context link in the appropriate

pattern.
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3. The link appears on the diagram and is defined as a reference link in the appropriate
pattern.

4. There is no matching link on the diagram but a relationship has been defined as a

context link in the pattern.

5. There is no matching link on the diagram but a relationship has been defined as a

reference link in the pattern.

There are no links represented on Borchers diagram that are not also defined in one or
more of the related patterns. However there are some relationships defined in patterns
(items four and five above) that are not shown on the diagram. Although the HCI

collection is relatively small its structure justifies testing for maturity.

Test-one: This test is passed because all seventeen patterns are linked into the pattern

map.

Test-two: This collection of patterns is presented as a pattern map that is structured as a
hierarchy so it passes Test-two.

Test-three: This collection has been successfully used to describe a user interface
(Borchers 2001) so it passes this test. Even so, when reading across Level 1 of
the language map, there appears to be a problem with the positioning of pattern
H6 ‘Incremental Revealing’. Should it be part of Level 1, or in Level 2 as
shown in the pattern map (Figure 3.10). A reading of the three patterns (H2,
H3 and H7) that make up Level 1 indicates that a high-level description of the

interface is possible without including pattern H6.

Reading across this level indicates that the designer first, considers specifying
how the system will look when first encountered so that it will attract the
attention of potential users. Secondly, considers how to involve more than one
user in a co-operative activity. Thirdly, how a user can pass control to another
user and leave the exhibit has to be determined. Adding the description for H6
certainly makes the intention of the design clearer at this scale but the pattern
appears to fit equally well in Level 2. H6 seems to fit the property of self-

similar scaling described by Salingaros (2000).

Test-four: If applied rigorously, the HCI collection does not currently pass this test.
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[H1i7] | [H14] [H15] [H7] [H10]

|H15|\:|H7|

|H10 |

Figure 3.11 - The Context map and Reference map for Borchers HCI patterns.
All relevant links identified in both the patterns and the pattern map, have been
used to create the context and the reference maps shown in Figure 3.11. A
comparison of these two maps shows that they do not match therefore this
collection fails

Test-five: The HCI collection has the potential to pass Test-five. Most links shown on
the pattern map are between nodes on different levels in the hierarchy but
twenty-three percent of the links are within two of the levels indicating that the
language is developing a degree of richness.

Test-six: This test is failed. There is only one root and there does not appear to be any
alternative way to view the patterns in this language. Another limiting factor

of this collection is that it is probably too small to be classified as mature.

3.6 Summary

Students reportedly have difficulty with understanding and using the structure of a
pattern language (Dearden et al. 2002a, b, Wesson & Cowley 2003, Kotze et al. 2006,
Koukouletsos 2008). To help students overcome this learning problem an educator
needs to understand pattern language structure. To that end this chapter investigated the
internal validity of pattern languages. Three types of validation have been identified as
requiring consideration when assessing the characteristics of a pattern language: the
validity of the individual patterns, the internal validation of the pattern language and the
external validation of the pattern language. Pattern language internal validity relates to

the structure of a pattern language.

A set of six tests have been proposed for evaluating internal validity, richness and views
of a pattern language’s structure. These questions have been used to evaluate four

existing collections of patterns none of which passed all tests. A responses to the first
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four questions can be a simple ‘yes’ or ‘no’ for determining internal validity. But, when
applied to evaluating a pattern language one hundred percent compliance seems to be
unrealistic. Ul pattern languages should be developing over time with use and
especially as technology changes. Therefore links should be evolving even in a well

developed pattern language.

Determining a pass for the other two tests is less clear and a set of criteria describing the
state of richness or views would be more useful. Because many patterns are written
without making clear distinctions between the different types of relationship linking
them to other patterns, the sets of criteria should include a response labelled “possibly’
for well connected pattern languages where relationship types have mostly not been
analysed. A carefully analysis of such relationships could change a pattern language’s

internal validity state.
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Chapter 4: Ul Pattern Language Maturity Model

The development of a set of six tests for evaluating the internal validity, richness and
views of a pattern language (PL) was described in the preceding chapter. Although the
application of the tests to evaluate four existing patterns languages indicated that the
process would help educators gain knowledge about the structure of a pattern language
the pass criteria were not particularly helpful for comparing pattern languages. In this

chapter the tests are revisited and sets of criteria defined to better characterise the

Fewiew litarature
for maturity models

structure of a pattern language.

Chapter3
Result= from testing
walidation rules

Explore
representations
fora Ul example

y

Define the
Ul-pattern rmodel

Figure 4.1 - Process followed for this investigation
Figure 4.1 shows the dependency of this chapter on the tests developed in Chapter
Three. The tests are evaluated and a set of pass criteria for the revised set of seven tests
is presented. A technique for combining patterns into a hierarchal structure that
describes an example Ul has been defined and named a Ul-pattern model. A discussion
follows proposing that building these models can be used as a generative process for
advancing a Ul pattern language’s structure. A short review of maturity models follows
which leads to the description of the proposed Ul maturity model, based on the revised
set of tests. This maturity model is evaluated by using it to rate each of the pattern

languages introduced in Chapter Three.

4.1 Ul Pattern Language Structure

Assuming that the four Ul pattern collections introduced in Chapter Three are a
representative sample then applying strict criteria for passing each of the first four tests
of a pattern language’s structure would result in none of them being classed as internally

valid. This observation appears to support Salingaros (2000) who comments that:

“The most elegant complex systems are nearly (but not perfectly) ordered.” (ibid,
p159)
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It makes sense that when developing a pattern language it will not be perfect but neither
will a well developed pattern language. Language structure should not be static,
responding over time through usage, and thus maturing. This is a generative process
(Alexander 1979). The proposed tests define an idealised Ul pattern language but a
hundred percent pass is unrealistic. To be useful as a measure of an existing pattern
language’s maturity they need to be relaxed with less stringent passing criteria defined.
Where possible terms like ‘nearly’, ‘not perfect’ or ‘most’ need to be quantified. These

changes should enable the structural maturity of Ul pattern languages to be compared.

From applying the tests it is clear that the first four are directly related to the
fundamental structure of the pattern map. They measure the pattern languages’ internal

validity by evaluating the primary structure of a pattern language.

The last two tests relate to links and structures that are structural refinements. Test-five
evaluates links within a sub-group of patterns and identifies alternative relationships.
Test-six is about evaluating the structure can be interpreted or provide meaning. These
two tests relate to secondary structures within a pattern language. Together, the tests of
the primary and secondary structures of a pattern language characterise the maturity of a
pattern language. In the following discussion the results of evaluating the four pattern
collections are combined to determine practical criteria against which a pattern

language’s structure can be assessed.

4.1.1 Primary Pattern Language Structures
The first four tests assess internal validation by characterising the primary structures of

a pattern language, and are discussed below:
Test-one: Do the reference and context links between the patterns form a map?

The studies reported above resulted in the HCI collection and the E-commerce
collection both passing Test-one. In the WEB collection thirty-seven patterns and pre-
patterns are not linked into the language map when it is created using clearly defined
context and reference links (49% connectivity). Creating a map using all links
mentioned in the pattern definitions reduces the number of unlinked patterns down to
seven (90% connectivity).

The percentage of unmatched links that can be tolerated for a pass needs to be

determined. A connectivity rate of forty-nine percent seems insufficient for a pass but a
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rate of ninety percent could be taken as sufficient,. By accepting this rate van Welie’s
WEB collection could pass Test-one.

Which types of link should be considered when developing the language map?
Including all links to other patterns within the body of each pattern’s description raises a
second issue to address — should all relationships to other patterns in the collection be

included in the language map?

Eight main groups of relationship type were identified in the literature review (Table
2.4). Schummer and Lukosch (2007) consider all link types should be shown in the
pattern map but they were interested in the richness of a language not its internal
validity. In PLML (Fincher 2003a) the workshop participants of Ul experts only agreed
to three types of link: contained, with its inverse is-contained-by and is-a. These are the
basic relationships required for structuring a pattern language and provide an acceptable

limitation for this test.

For internal validity, the reference and context links between the patterns form a map
of relationships as defined in PLML and at least ninety percent of the patterns should be

linked into the network.
Test-two: Can the pattern map be ordered into a hierarchy of levels?

There is no discernible primary hierarchy in van Welie’s GUI collection. The WEB
collection is organised into groupings which could be levels and there appears to be a
set of interlocking hierarchies based on the ‘Site Types’ groupings’ patterns. One of
these hierarchies, the E-commerce hierarchy, has four levels below the root and these
equated to the organisational groupings as shown in (Figure 3.9). The HCI collection is
a single hierarchy and has three levels below the root. How many levels below the root
node should the hierarchy extend for a collection of patterns to have internal validity?
The HCI, the WEB and E-commerce collections could all pass this test if the minimum

number of levels specified is three.

There are composite pattern languages where there is no primary root and a set of
interlocking hierarchies based on one or more pattern categories (e.g. the WEB
collection). This type of organisation raises questions about how many hierarchies are
required to pass this test. Should one hierarchy be nominated as the primary hierarchy?
Should a generalised pattern be created to become the parent for the set of roots when

multiple hierarchies can be identified?
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In a mature Ul pattern language it would not be necessary and may not be desirable to
have all patterns linked into a single hierarchy because the richness of the language may
be partly represented by the inter-relations between alternative hierarchies. There does
not appear to be any valid reason for having one dominant hierarchy. In some pattern
languages one hierarchy may be dominant but this may not be necessary for internal
validation, for example in the WEB collection, none of the patterns in the ‘Site types’

group is more important than another, they are simply different.

A pattern language should continue to develop with use over time (Alexander 1979). At
any moment, the hierarchies in a composite pattern language will probably be at
different stages of development, for example the placement of a particular pattern may
not initially be clear and can change over time. In the absence of any other evidence an
arbitrary value of ninety percent connectivity has been chosen. Further evidence may

provide a value better supported by either research or practical experience.

For internal validation the language map can be organised so that at least ninety
percent of the patterns in it can be placed into a recognised level in one or more

hierarchies and at least three levels can be identified below the root level.

Test-three: Can the levels be used to describe a user interface at different degrees

of granularity?

The hierarchy that orders the Alexandrian pattern language (Alexander et al. 1977) is
based on a well-understood scale of granularity, from a cityscape down to architectural
features of individual doors and windows. A comparable 'natural’ organisation for user
interfaces has yet to be identified. This topic was discussed by participants at the
Usability Pattern Language Workshop at CHI12002 (Mclnerney 2002). Mullet (2002)
highlights the problem of defining degrees of granularity in his discussion of pattern

language organisation saying:

"The murky ground between application-level and widget-level patterns is the
terrain that must be addressed by an organisation scheme.” (ibid, p4)

He also considers the "level of design activity that the individual patterns described™ as
potential levels of granularity. These identify conceptual-level patterns that describe
content and organisation, patterns that describe the behaviour or feel of the interface and
patterns describing the appearance or look of the interface. These levels of granularity
describe Ul design with different degrees of abstraction (Seffah & Forbrig 2002, Martin
& Roski 2007).
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Different Ul pattern collections cover different areas of Ul design. Schummer and
Lukosch’s (2007) patterns are organised into three levels of granularity: Community
Support, Group support and Base Technology. Each of these levels is further sub-
divided into groups of patterns. The patterns created by van Duyne et al. (2003) are
organised into twelve different groups ranging from the very general descriptions of the
‘Site Genres’ patterns down to technical patterns in the ‘Speeding up your Site’ group.
Borchers” HCI collection (2001a) of seventeen patterns has a narrow scope. Each of the
three levels below the root of the HCI collection provides a description of a multi-user
interactive kiosk interface. The E-commerce sub-system (van Welie, accessed 2003)
ranges across more levels of abstraction than the HCI collection. The root describes the

application area (Site Type) down to abstract widgets such as "Bread crumbs".

From the small sample of Ul pattern languages discussed above, hierarchies could range
from three levels to a maximum of twelve levels of granularity. The Ul patterns in
these address issues ranging from highly conceptual problems to highly technical. To
pass Test-three, not only does the classification system used to organise a pattern
collection have to clearly identify different levels, an example model of an actual Ul
should be created. This example should demonstrate that descriptions of the Ul could

be generated at different levels of abstraction.

Both the E-commerce collection and the HCI collection can be described at different
levels of abstraction. Borchers (2001a) provides an example that uses every pattern in
the HCI collection, so it passes this test. For the E-commerce collection to meet this test,

an example model of a Ul would need to be created.

For internal validation, the patterns at each level should describe a different level of

granularity. This should be demonstrated with an example.
Test-four: Does the context map match the reference map?

The idealised pattern language map includes all of the links defined in both the context
map and the reference map. Therefore, the idealised pattern map has all context and

reference links matched.

When developing a Ul pattern language, checking that the context and reference maps
match is a mechanical process. Even in a situation where the author of the pattern
language has identified this criterion as important (e.g. Borchers 2001a) it appears to be
difficult to attain in practice (Figure 3.11). Why are there discrepancies between the

context and reference maps, even where the author of the patterns has clearly stated that
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consistency between these two maps is important? One clue may exist in the numbering
of Borchers’ pattern language which includes patterns with higher numbered identifiers
than their positions in the hierarchy would suggest appropriate (Figure 3.10). For
example, the reader would expect that the pattern ‘H9 Closed loop’ in level one would
be ‘H4 Closed Loop’. Such discrepancies indicate that development of this pattern
language went through a process which Salingaros (2000) called ‘repair and
replacement’. This is an evolutionary process where a language changes and matures
over time. Keeping all links between patterns consistent as more patterns are added to a
pattern language and other patterns are modified probably needs a computer-based
pattern management system. A system such as MUIP (Deng et al. 2006) enables

changes to be more easily be tracked.

Both Salingaros (2000) and Borchers (2001a) acknowledge that ideally all links should
match but that it is not a necessary condition. This view raises the question— what
proportion of the links should match for a collection to have internal validity? There are
thirty-two links on the idealised language map for the HCI collection but the Context
map and the Reference map identify two different sets of 26 links. That is an 81%
match to the idealised map. Because this collection had the best matched connectivity
of those analysed, up to a twenty percent miss-match in matched connectivity has been

chosen as the pass criteria.

For internal validity the difference between the context map and the idealised map is

less than twenty percent and similarly between the reference map and the idealised map.

A set of criteria is required to quantify terms like “nearly’, ‘not perfect’ or ‘most’ used
in descriptions for pattern languages (e.g. Salingaros 2000)., for example at least ninety

percent for Test-one or less than twenty percent for Test-four define a pass.

4.1.2 Secondary Pattern Language Structures
Another three tests assess a pattern language’s secondary structures. In the following

discussion these tests are considered along with possible pass criteria. They evaluate
the secondary structures found in a pattern language by using all the identified
relationships between the patterns and any alternative views.

According to Salingaros (2000) a pattern language's maturity is partly determined by
how rich the network of links between the patterns in the language has become. He
mentions that both inter- and intra- level links contribute to richness. He also discusses
different types of link when discussing pattern language maturity. For determining
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internal validity, the links for creating a pattern map have been restricted to the three
basic types. This pattern map can be referred to as a validation pattern map defining
the primary structure of the pattern language. When considering the maturity of a
pattern collection all other relationship types as defined in Table 2.4 should be

considered as they indicate the richness of a pattern language.

It should be possible to generate alternative views (Salingaros 2000) when a mature
pattern language is used to describe an artefact, for example a Ul. When using the
Alexandrian patterns in architectural design, patterns may be selected that focus on
social issues, in contrast to those resolving spatial problems of building design. Ul
patterns exist that focus on different dimensions of Ul design, for example addressing
social, behavioural or temporal issues, indicating the possibility of creating alternative

views.

The proposed pass criteria associated with each of the tests are arbitrary but are based
on the experience gained from the analyses of existing pattern languages reported above
(Section 3.5). However over time the expectation is that all the scales will be refined as

further pattern languages are analysed.
Test-five: How 'rich’ are the links within and between each level of the hierarchy?

In the first version of this test, richness is characterised by the intra-level links that
occur between patterns within a level and inter-level links that traverse more than one
level. The GUI collection has only four links between patterns, two within the ‘Modes’
pattern group, one in the ‘Guidance/feedback’ group. The other is between two patterns,
one in the ‘Modes’ group and the other in the ‘Selection’ group. As a hierarchy cannot
be created with these patterns even though three of the four links are within groups, this
collection cannot be rated as having a rich set of connections. To consider a collection

of patterns as mature its connectivity should be reasonably well developed.

All the links used to create the pattern map for the HCI collection could be classified as
basic types. Over twenty percent of the links are intra-level links and occur in two of
the three levels below the root. Two inter-level links have been identified between
levels. Only two patterns could be connected by one of the other types of relationship,
for example, Pattern ‘H8-Augmented Reality’ has an ‘alternative’ relationship with
‘H7-Flat and Narrow Tree’ where the pattern chosen will be based on how the designer

wishes to structure the content to be displayed.
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There are five intra-level links in the E-commerce hierarchy, thirteen percent of all
identified links. Seven inter-level links have also been identified, comprising eighteen
percent of all links. A number of alternative relationships between patterns have also
been identified, for example the ‘variant’ relationship between the three list-related

patterns “List of recommended’, ‘Hotlist” and ‘Favourites’.

It is clear from the preceding discussion that ‘richness’ is evaluating two different
attributes: ‘complexity’ and ‘richness’. Complexity is a measure of the amount of
connectivity within and across levels in the hierarchy. Richness now becomes a

measure quantifying the number of non-basic relationships identified between patterns.

A six point scale has been created for evaluating the ‘complexity’ of the connectivity of
a pattern language. The details are in Appendix ALl. When creating this scale, one issue
addressed is that a complex structure might indicate a mature language structure.
Alternatively, it could also indicate a poorly understood structure, as demonstrated by
the Common Ground example (Figure 3.3). Therefore the complexity scale requires
that the pattern map includes identifiable hierarchies. For example, to be classified as
‘Developed’, a pattern language’s complexity is defined as ‘one or more hierarchies
can be identified but less than thirty-five percent of the links are intra-level links and

inter-level links’.

To evaluate a pattern language’s ‘richness’ a five-point scale has been developed as
described in Appendix Al. The richness units of ‘Developing’ and above require the
connectivity of the pattern map to be at least ninety percent. Each unit identifies the
percentage of non-basis relationships required, for example to be classified as
‘Developed’, a pattern language’s richness is defined as ‘at least ten percent of all

relationships are of non-basic types’

The wording for the two new tests is:

New Test-five: How ‘complex’ are the links within and across levels of the hierarchy?
Scale Units = (None, Minimal, Possibly, Developing, Developed, Complex)

New Test-six: How ‘rich" are the relationships linking the patterns?

Scale Units = (None, Possibly, Developing, Developed, Rich)
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Test-seven?®: Can the patterns be organised using different classification categories
thereby providing alternative views?

Salingaros (2000) says that a pattern language "has multiple tops and horizontal
connections”. This implies that an alternative view will start with an alternative root. Is
this a valid proposition? Associated questions to consider are: What percentage of the
patterns is required to define an alternative view? Should alternative views be mutually

exclusive or can hierarchies overlap?

A number of authors have proposed alternative schemes for categorising the patterns in
their pattern collections (e.g. van Welie & Traetteberg 2000, Tidwell 1999). These take
the form of lists of patterns in each category. Are these levels in the language or
different viewpoints? Possibly there is a mixture of both. For example, when using van
Duyne et al.’s WEB patterns (2003) the “Writing and Managing Content’ patterns in
group D are more likely to form a level within a hierarchy. On the other hand it may be
possible to create a hierarchy of patterns from the ‘Creating a Navigation Framework’
patterns in group B to form a ‘navigation’ view. The patterns in this view will overlap
at least one other hierarchy and the view will *start’ below the root pattern defining the
site genre. Patterns from both the Site Types grouping and the User Experience
grouping could be used to identify different views as demonstrated with the E-
commerce hierarchy. This hierarchy could be viewed, from the viewpoint of, either a
user personalising it, or the shopping experience. For the purposes of this test a view is

defined as:

e Providing a way to describe a Ul or part of it from a particular focus such as

navigation or usability,
e Being a subset of the patterns that describe a Ul and organised into a hierarchy,
e Overlapping with one or more alternative views,

¢ Requiring a root pattern but this root may be within the context of other patterns not

included in the view.

The number of views that can be found in the pattern language will indicate how mature
the language is. The theoretical range would be from none to some number less than
the number of patterns in the pattern language. But the pattern language does require a

reasonable degree of connectivity.

3 This test was labeled “Test-six’ in the earlier versions of the tests.
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The scale for indicating the number of alternative views is: (None, Possibly, Developing,
Developed, Views)

4.1.3 Summary
The rules defined by the seven modified described tests above, provide reasonable

grounds to argue that every collection of patterns should be referred to as pattern
languages rather than a collection, set or catalogue (Appleton 1997). Pattern languages
can be characterised by identifying distinguishing attributes of their primary structures
(\Validation mapping, Hierarchical structure, Descriptive Levels, Matching Context &
Reference maps) and secondary structures (Complexity, Richness & Views).

4.2 Patterns Representing a Ul Example
Test-three focuses on levels of abstraction that should be apparent in the organisation of

a pattern map. To pass this test, an example Ul needs to be developed to demonstrate

that descriptions of a Ul at different levels of granularity can be created.

The methods for selecting patterns that describe a Ul suggest forming the selected
patterns into a list (Tidwell 1998, van Duyne et al. 2003). Applying Alexander et al.’s
method (1977) also results in a list of pattern names which he calls a sequence,
identifying them as the key to a good design. Correctly formed sequences or pattern
lists are the key to a good design. Essentially this involves moving from a higher to a
lower level of detail, although sometimes the sequence:

“follows a line, dips down, dips up again’ (ibid, pxviii).

When using architectural patterns to teach groups of students about aspects of urban
design, Davis (1983) identified the sequence of selected patterns as crucial to the design
process. He also recognised the importance of identifying ‘global’ patterns in this
sequence, effectively acknowledging the hierarchical structure of this list of patterns, by

commenting

“The sequence of patterns was also considered, since the actual design would
also take place in group discussion, requiring understanding of which patterns
were more global, and therefore needing to be designed first.”” (ibid, p15)

Walldius (2003) considers the list of selected patterns tells a ‘story’ describing the Ul.
He also recognises that it is not clear when using just the list, how the patterns fit into a
hierarchy or which relationships between patterns are relevant to a specific problem. In
his ‘story’ example, relationships and hierarchy still have to be located within the
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narrative. To demonstrate a pass for Test-three some form of ‘story’ needs to refer to
different levels of description. This requirement indicates a need for a form of

presentation that will:

1. Record the patterns selected to describe a Ul.

2. ldentify a hierarchy representing different degrees of granularity.
3. Identify all required relationships between patterns.

The following sections report on the development of a diagram that describes an

example Ul using the selected patterns better than a list of selected patterns.

4.2.1 Ul-pattern Model for the Outlook Today view
The list of patterns from the Common Ground pattern language (Tidwell 1998)

representing the Outlook Today example is found in the PATTERNS column of Table
3.4 (col. 2). The list is grouped, based on Tidwell’s questions for guiding selection of
patterns. This provides no sense of how the patterns relate to each other. The pattern
map for the same subset shows the relationships linking the patterns (Figure A2.1) using
all links identified between the participant patterns plus those that could be inferred
from the text. As a description it is not particular helpful. This hierarchy of patterns
can be reorganised to create a structure that better describes the Outlook Today view.
This new structure has been named a ‘Ul-pattern model’ and a full description of how it

was constructed can be found in Appendix A2.

A Ul pattern model is a graph containing one or more interlocking hierarchical
structures linking the selected patterns together, where the backbone of the primary
hierarchy depicts the structural elements of the Ul. The Ul pattern model forms a meta-
language for a Ul (Erickson 2000) describing the Ul at different levels of abstraction. It
is a Ul modelling tool similar to that envisaged by Seffah and Forbrig (2002) who said:

“Developers can use one high level language to implement an abstract and device

independent user interface model.” (ibid, p125)

To convert a pattern map into a Ul-pattern model the designer needs to identify the
candidate root patterns for at least one hierarchy and identify which links to include and
which to discard. In addition, missing links need to be identified and added, as do

missing patterns.
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Figure 4.2 — Graph of patterns overlaying example Ul with dotted lines representing
relationships interlocking the two hierarchies

Figure 4.2 shows the start of building a Ul-pattern model for the Outlook Today view.
This view displays relatively complex information so Pattern 2 has been selected as the
most likely root. The other patterns have then been overlaid on an image of the Ul by
placing the pattern identifying numbers (Ids) near the parts of the Ul that they represent.
This process helps to identify relevant relationships so that apparently unnecessary links
can be removed. It may also identify missing patterns if a suitable pattern has not been

found to describe some part of the Ul.

Most relationships on the partial pattern map, as shown in Figure 4.2, have a spatial
component but some are temporal, for example there is a chain of links from pattern 40
to pattern 17 “Pointer shows affordance’ and then onto pattern 18 *Short description’.
The user would perceive the order to be first the pointer showing affordance when
coming into the space of a tool and second a short description appearing. A small group
of patterns linked to pattern 19 ‘Sovereign posture’ form a second hierarchy. According
to Tidwell (1998) this type of pattern is concerned with a user’s attention and defines a

mixture of behavioural and social aspects of a user interacting with the software.

Three types of missing link can be identified from the restructuring of the partial pattern

map into a Ul-pattern model. They are:
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Missing context links; found by identifying patterns with no context relationship
linking them into the hierarchy. A new relationship needs to be created linking the
pattern to another pattern that best describes the surrounding interaction space, for
example pattern 35 ‘Choice from a large set’ will be linked to pattern 12

‘Hierarchical Set’.

Missing reference links. Based on observed behaviour and placement of widgets
identify any missing reference links where the set of patterns on a level doesn’t
provide a complete description. For example, the pattern 31 ‘Convenient
environmental actions’ needs to be linked back to pattern 2 ‘High-density
information display’ to represent actions that can be carried out by the main window

such as resize, close and minimise.

Amended links. Both patterns 34 and 35 are linked to pattern 18 ‘Short
Description’, but the actual behaviour observed in the Ul ‘Outlook Today view’
shows the lists representing the Calendar, Tasks and Messages should be linked to

pattern 17 ‘Pointer shows affordance’.

Figure 4.3 - Ul-pattern model for the Outlook Today Ul example

Patterns have been duplicated where they are required to describe a distinct feature of

the Ul. The completed Ul-pattern model is shown in Figure 4.3. Duplicates are

prefaced with asterisks, added to improve readability, for example pattern 3 is repeated

three times representing the spaces required for the Calendar information, Tasks and

Messages respectively.
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The descriptions generated by the levels and within sub-trees based on the Ul-pattern
model have a strong spatial component. For example, starting from level one the screen
from Outlook (Figure 4.2) can be described as having three main interaction spaces.
First pattern 40 “Toolbox’ represents the space where primarily toolbars are found. The
second space represents the main structure of the information. It is represented by
pattern 9 ‘Overview beside detail’ identifying the two main panels as shown in the
example (Figure 4.2). The third space represents convenient actions such as ‘Close’,
‘Resize’ and *‘Minimise’.

Although not covered by this example, it should be possible to use the Ul-pattern
modelling process to identify missing patterns as well as missing relationships. If
pattern 31 ‘Convenient Environment’ did not exist then there would be no patterns for
representing the required actions. The changes required to the Ul-pattern model to
provide a complete description of the Ul can subsequently be used to update the pattern
language.

4.2.2 Ul-Pattern Modelling as a Generative Process
A number of authors (Chung et al. 2004, Lewis et al. 2004, Martin & Roski 2007,

Saponas et al. 2006, Wania 2008) described processes for identifying the structure of a
collection of patterns. They all described a process for re-structuring a pattern language

by examining the patterns and identifying relationships

Wania (2008) describes how the alRPlane pattern language was created including
investigating its structure. Like other researchers (Chung et al. 2004, Lewis et al. 20047,
Saponas et al. 2006) she used card sorting (Cooke 1994). The results of having
seventeen participants use card sorting to organise the patterns, were analysed using
hierarchical cluster analysis, factor analysis and multi-dimensional scaling to create the
basis of a network structure for the alRPlane pattern language.

Mértin and Roski (2007) define a rule-based workflow approach for developing the
structure of a pattern language. It uses problem decomposition as the main method for
defining a pattern language structure that is strongly hierarchical with only a few links
between sub-trees being considered appropriate. According to their rules, each level in
the structure should include patterns solving a sub-problem with the same degree of
granularity or detail. The root pattern describes a whole problem in general terms.
They provide rules for identifying relationships that need to be modified or deleted, and

how to identify where new relationships are required. Their process can also identify
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missing patterns. The results should be a validated pattern language structure but it may
lack maturity features such as complexity. For example, links within a sub-tree crossing

more than one level and links between patterns at the same level are not allowed.

The Alexandrian concept of a generative process (Alexander 1979) is one where a
pattern language is refined over time by repeated use in guiding the design of new cities,
commercial buildings and dwellings where inconsistencies and omissions are identified
and remedied. The processes described above are not generative processes because they
do not base their structuring techniques on designing or describing actual examples
using the patterns from the relevant pattern language. The modification of a pattern
language identified by building Ul-pattern models for different user interfaces is

generative.

The generative nature of a pattern language can be exhibited in a number of different
ways. Dearden and Finlay (2006) identify four other ways in which a pattern language

IS generative:

¢ Individual patterns because the advice they contained can be used to improve many

given Ul designs,

e The development from one pattern language of many sequences of patterns
representing different Uls,

e A sequences of patterns that form a meta-language with supporting theory,

e From each pattern sequence many instances of physical Ul designs can be

generated.

The development of the Ul-pattern model described in Section 4.2.1 used a subset of
Tidwell’s Common Ground (1998) pattern language. She pointed out that the link
structure of this pattern language (Designing Interfaces) was incomplete. An analysis of
a subset of her updated pattern language (Tidwell 2006) reported by Mértin and Roski
(2007) demonstrated that its structure is also incomplete with many patterns being
isolated. Analysis of the pattern map they constructed shows that after seven years of
development the connectivity of this pattern language is seventy-seven percent. The
creation of the Ul-pattern model for the Outlook Today Ul example identified missing
and inappropriate links. These have been corrected and those corrections could feed
back into the original pattern language and over time the structure of latter versions of

the pattern language should evolve and mature in the manner that Alexander envisaged.
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As well, the Ul-pattern model provides an enhanced graphical representation of the
pattern sequence and is a meta-language from which many physical Ul designs can be

generated.

4.2.3 Advantages of the Ul-pattern Model
The Ul-pattern model overcomes the limitations of using only the pattern list. Being a

graphical representation the hierarchical structure of the list can be identified. This is

important when using a pattern language as part of Ul design because:

“Whereas an individual pattern provides a solution to a specific problem,
organised as a hierarchy, patterns guide the developer through the entire
architectural design.” (Seffah & Forbrig 2002, p131)

The advantages of using the Ul-pattern model are:
1. The Ul-pattern model is a visual presentation of the patterns describing a Ul.

2. The patterns are organised into a hierarchy representing different degrees of

granularity

3. The relationships between patterns that describe the Ul being modelled are clearly
identified.

4. The Ul-pattern model aids in the identification of pattern definitions and link
structures that could be improved and where new patterns or relationships might be

required.
5. The model can guide the Ul developer through the Ul design process.

6. The results from developing Ul-pattern models can be used to update a pattern

language, providing a process by which a pattern language can mature.

Another potential advantage is that an educator can demonstrate the basic principles of
using a pattern language’s structure by developing a Ul-pattern model. As shown with
the single screenshot example, Figure 4.2, only a manageable subset of a language is
required to build a reasonably complex Ul-pattern model. For an educator this approach
also has the advantage that students can work with examples of real Uls, rather than just

abstract ideas when being introduced to a Ul pattern language.

4.3 Maturity Models

A maturity model is one that provides a set of criteria by which the evolutionary
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development of the focus of the model can be assessed. For example, the Capability
Maturity Model (CMM) provides measurement tools and techniques for assessing an
organisation’s IT development processes (Herbsleb et al. 1997). Suggate’s Rank of
New Zealand coals (Suggate 2000) is a model for assessing their maturity. In business
the process maturity model is a tool that can be used to guide incremental improvement
in the specified process. In their simplest form a maturity model identifies a set of
maturity levels and a set of goals for each level that identify the factors that can be used
to characterise the focus of the model. For example the set of factors or attributes, and
the values they should attain at each level as defined in the basic coal rank table,
determine the maturity of a coal measure (Sherwood & Phillips, updated 2009). The
CMM is a well developed model, described as a reference model that can be use by an
organisation to guide the incremental improvement of their IT development processes.
It provides a set of factors and measures, that an organisation can use to rate its software
development processes and also provides measures for comparing processes from
different companies (Herbsleb et al. 1997). A maturity model is not static and
undergoes successive improvements and can be superseded as CMMI has replaced
CMM (SEI web site).

The term maturity model is normally associated with process improvement, for example,
the testing maturity model (Burnstein et al. 1996) and the supply chain management
process maturity model (Lockamy Il & McCormack, 2004). It seems reasonable that
the focus of a maturity model can be either a physical or abstract object, or even an idea
that can be developed over time, for example maturity indexing for coal measures
(Suggate 2000). Maturity models should provide a set of tools and techniques that

include:
1. A set of criteria for characterising the focus of the maturity model.

2. A set of tests for evaluating each of the criteria, often with an associated set of

measurement scales.
3. A set of maturity levels that define the stages of growth.
4. A set of goals for each of the levels.
5. A method for ranking the focus of the maturity model.

6. Methods for progressing from one level to the next.
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In more sophisticated maturity models the set of factors used to assess the goals for each
level would focus on key areas. These would be different for each level so that
assessment at one level implies that the key areas at the lower level have been satisfied

and those factors characterising the lower level are developed.

4.4 Towards a Ul Pattern Language Maturity Model

Updating the set of tests proposed for evaluating the primary and secondary structures
of a Ul pattern language has resulted in a set of measures that can be used to evaluate
the structure of an existing pattern language and determine whether the structure has
internal validity. The results can also be used to compare the structure of pattern
languages based on the seven attributes that are tested. These two functions are broadly
similar to those provided by a maturity model, and with further development they can
become the basis for the first stage in the development of a maturity model for Ul
pattern languages.

The basic set of tools and techniques for the proposed Ul pattern language Maturity

Model (UMM) are discussed in the following sections.
Characterising criteria

The set of attributes for characterising the structure of a pattern language are those
associated with the seven tests discussed earlier: Mapping, Hierarchy, Level, Matching,

Complexity, Richness and View.
Tests

The set of seven tests created for assessing the primary and secondary structure of a
pattern language form the basis of the proposed maturity model. Each of the tests has
an associated five or six point scale against which the criterion being measured can be
assessed. The basic units forming the scales are: none, minimal, possibly, developing,
developed, and ‘the maturity criterion’. This basic scale has been modified for each test
(Appendix Al). The set of tests for assessing the primary structure are aimed at
evaluating the internal validity of a pattern language so also define a pass/fail point.
The pass requirements for these four tests become the goals for the fully mature pattern

language.
Maturity Levels

The proposed set of maturity levels that define the stages of growth are: immature,

partially mature, moderately mature and fully mature.
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Set of Goals
Attribute) Validation Hierarchy |Abstraction Match Complexity| Richness Views
Level Map
Immature None None None None None /
©) Minimal |y ioimar | Minimar | MINIMal G pimal <se|  NOME None
<50% <20%

Partially Possibly / . . Developing | Possibly/ | Possibly/ | Possibly /
mature Developing DF;?/Sesll)bl)i/n/ DF;(\)/sels(')b?g <=50% Developing | Developing | Developing
1) <70% ping PG| match <25% <10% 1
m(;?uerr:tely Developed | Developed Develooed Developed | Developed | Developed | Developed
2 <90% 2 levels PeC 15500 match|  <35% <20% 2
Fully Matched Complex Rich Views

=909 =
matu(r??) >=90% >=3 levels | Modelled >=80% >=35% >=20% >

Table 4.1 — Maturity level goals for each Ul pattern language structural attribute

A set of goals for each of the maturity levels defined for UMM have been defined, and
can be found in Table 4.1. The detail for each of the conditions that define the goals can
be found in Appendix Al. The goals of the four attributes that define the primary
structure of a Ul pattern language for the full maturity level are shown as greyed cells in
Table 4.1. When these four goals are satisfied then the structure of the Ul pattern

language is internally valid.
Ranking Method

A single value by which Ul pattern languages can be compared and by which progress
towards maturity can be measured is calculated by combining the scores allocated to
each of the attributes. An attribute is scored as three if its measure meets the goals for a
fully mature Ul pattern language but a zero if only the immature goals are met. The

scores are shown in the parenthesis under the maturity levels shown in Table 4.1.

The maturity rating for a Ul pattern language is calculated by first summing the scores
for each of the attributes for the four primary structures. Next the sum of the scores for
each of the attributes for the three secondary structures is multiplied by four divided by
three so that the scores for both primary and secondary of structures have equal
weighting. The two values are then added and the result rounded to calculate the rank
or maturity index for each Ul pattern language. The pattern language maturity scale
ranges from the immature language which will have a ranking between zero to six, to

the fully mature language that will have a ranking between eighteen and twenty-four.
Maturity Progression

The method proposed for progressing a Ul from one level of maturity up to the next is

through Ul-pattern modelling. Developing Ul-pattern models for Uls as part of the Ul
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development process over time will identify deficiencies in a Ul pattern language and
these can be corrected. This is a generative process of incrementally improvement. It

should lead to the restructuring of the pattern language and the addition of new patterns.

The result should also improve the pattern language’s maturity rating.

4.4.1 Applying the Ul-pattern Language Maturity Model
The proposal for the UMM has been used to evaluate the five Ul pattern languages used

in examples in the preceding Chapter (Sections 3.3 and 3.5).

Test-one | Test-two |Test-three|Test-four| Test-five Test-six | Test-seven
Map Hierarchy | Levels Match | Complexity | Richness Views
van Welie
GUI|  None None None None None None None
WEB|Developing| Possibly | Possibly None Developing | Possibly Possibly
E-commerce] Mapped [Hierarchical|Developed| Minimal | Developing |Developing| Developed
Borchers
HCI| Mapped [Hierarchical]| Modelled | Matched | Developing Minimal | Developing
Tidwell
Common Ground| Possibly Possibly None None None None Possibly
Van Duyne
Site Design] Mapped |Hierarchical|Developing| Minimal | Developing | Possibly Views

Table 4.2 - Summary of the pattern languages’ maturity model attributes
The results are shown in Table 4.2. The classifications for some attributes are
provisional because only subsets of some of the languages have been analysed (Web,
Common Ground and Site Design). Borchers HCI language is the only collection that
passes all four validation tests. In this collection the links between the patterns were
clearly an important consideration when defining the contexts and references of the
patterns. The pattern collection is also relatively small so analysis is comparatively

straight forward.

Maturity Rating

24
Fully Mature
13
16 #
Moderately Mature
14 +
; 13 +
12
Partially Mature
g 7 *
Immature ER
u % T T T T T 1
Gul Common WEB E-commerce Site Design HCl
Ground

Figure 4.4 — Graph of maturity ranking for each of the Ul pattern languages analysed
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The goals reached by each Ul pattern language for each of the attributes (Table 4.2) can
be used to calculate their maturity ratings. These are shown in Figure 4.4. The x-axis
has been ordered by the pattern language maturity rating scale. This graph shows that
none of the Ul pattern languages analysed can yet be rated as fully mature and the GUI

language is very immature.

For each level in the proposed Ul pattern language maturity model all of the factors
have a provisional goal with no key factors associated with a particular level. As the
model itself matures it is likely that some factors such as ninety percent connectivity of
the validation map will be associated with an earlier maturity level than specified in the
current model. For example, connectivity of the validation map could become a key

goal for “partial maturity’.

UMM can be used to evaluate the maturity status of any collection of patterns therefore
the term ‘pattern language’ qualified by its maturity status, can be used rather than
alternative nouns such as collection and set. For example the Design of Sites pattern
language (van Duyne et al. 2003) is a moderately mature pattern language. A pattern
language can be characterised by the values assigned to the seven factors assessed by
the maturity model. They are: Map, Hierarchy, Levels, Match, Complexity, Richness
and Views.

4.5 Discussion — Research Question One

Chapters Three and Four cover issues related to identifying Ul pattern language
characteristics. The first research question is wholly concerned with characterising a Ul

pattern language and is discussed below:
Question One: What are the characteristics of a Ul-pattern language?

This investigation resulted in the development of four questions to use for evaluating
the internal validity of a Ul pattern language. Three additional questions identify
secondary structures found in a pattern language. The seven attributes that are the focus

of these questions are:

1. Mapped: Reference and context links between the patterns form a pattern map of
basic relationships (contained, is-contained-by, is-a).

2. Hierarchy: The pattern map can be organised into one or more overlapping

hierarchies.
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3. Levels: Clearly identifiable levels of abstraction can be used to describe an interface
at different levels of granularity.

4. Match: Every reference link has a matching context link, except for the root and

leaf nodes in a hierarchy.

5. Complexity: The number of intra-level links (between patterns at the same level of
granularity) and inter-level links (between patterns which are separated by more

than one level of granularity) are identified.
6. Richness: The number of non-basic relationships between patterns are identified.

7. Views: (closely related to hierarchy) A hierarchically structured subset of the
patterns that describe the Ul from a specific point of view.

Together these attributes characterise any collection of Ul patterns but clearly the

‘mapped’ attribute is the most important as the other six are dependent on it.

The questions used to evaluate these attributes have been incorporated into a Ul pattern
language maturity model, UMM (Section 4.4). UMM characterises the internal
structure of a pattern language. It does not cover external validity or the validity of the

individual patterns comprising the language.

UMM provides a method for ranking the maturity status of Ul pattern collections. All
collections can therefore be referred to as pattern languages. The values assigned to
each of the seven attributes can be used to quantify each pattern language’s ranking.
UMM itself is immature and will be modified with use. For example, the scales of units
that the attributes are assessed against will change as more experience is gained. The
tests probably require further refinement because they have only been used to evaluate
six pattern languages but they are readily usable as has been clearly demonstrated
(Table 4.2). Applying the tests is straightforward, but judgement has to be exercised

when deciding whether a language meets a specified criterion.

An educator who is not just teaching about pattern languages but wants to teach Ul
design through patterns languages (Griffiths & Pemberton 2004), probably requires a Ul
pattern language with a reasonably developed hierarchal structure. Such a language has
the potential to enhance student learning rather than cause confusion as reported in the
literature (Dearden et al. 2002a, b, Wesson & Cowley 2003, Koukouletsos 2008).

If the six languages (published by: Borchers 2001, Tidwell 1999, van Duyne et al. 2003

and van Welie accessed 2003) are a representative sample at the time of evaluation, then
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most Ul pattern languages are not internally valid. On the other hand fifty percent of
these pattern languages had an overall maturity status of moderately mature (Figure 4.4).
Educators who wish to provide students with real world experiences of the
constructivist learning environment (Jonassen 1999), can use this information when
evaluating pattern languages for use in teaching. UMM will help identify potential
problems students may encounter in understanding and using a pattern language’s
structure, for example by highlighting omissions and inconsistencies. An internally
valid pattern language will have one or more well-developed hierarchical structures
identifiable in the validation pattern map. Such information is useful when planning
modifications to help scaffold student learning (Wood & Wood 1996, van der Stuyl
2002).

4.6 Conclusion

The set of tests proposed in Chapter Three has been amended to measure the structural
attributes of a pattern language. The four attributes defining the primary structure of a
pattern language assess its internal validity. The other three attributes relate to its
secondary structure. These seven attributes can be used to characterise the internal
structure of a Ul pattern language in part answering the first of the research questions

guiding this research.

The tests assessing the values of the seven attributes’ have become the basis for the
proposed Ul-pattern language maturity model (UMM). As UMM matures how to
characterise a Ul pattern language should also become clearer since it can be used to
evaluate the maturity status of any collection of patterns these can all be called “pattern
languages’. Educators can use the UMM to appraise the structure of existing pattern
languages and to identify potential problems students may encounter in using them.
They can then use this information when designing teaching material.

The Ul-pattern model can be used for representing examples for the purposes of
evaluating whether a pattern language passes Test-three. It developed to provide an
enhanced graphical representation of the usual sequence (pattern list). A Ul-pattern
model forms a meta-language which can describe many physical Ul designs. The
process of revising a pattern language by building a Ul-pattern model is also an example
of the Alexandrian generative process (Alexander et al. 1977). It is a process by which
a pattern language is refined by repeated use. Therefore, it has been proposed as the
process of incremental improvement which will progress a pattern language through the
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maturity levels of the UMM. A pattern language should be a ‘living language’ in that
both patterns and relationships between patterns can be modified, deleted or new ones
added as the language is used to guide the design process. This process of dynamic

redevelopment is essential in an area of fast changing technologies.
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Chapter 5. Introducing Students to Ul Patterns
and Ul Pattern Languages

The literature review (Chapter 2) identified issues that need further research to
determine whether student learning can be improved when using Ul patterns. The three
main issues (Section 2.4) that appear to influence student learning are:

1. The organisation and structure of the pattern language.

2. The nature of the information presented, including visual aids illustrating different

sections in a pattern.
3. The methods used to introduce students to using a pattern language.

The previous chapter investigated issues raised while considering the first research
question (“How can a Ul pattern language be characterised?”). Understanding the
characteristics of a well structured pattern language guided the investigation into the
structure of a number of existing Ul-pattern collections (Tidwell 1999, van Welie & van
der Veer 2003, van Duyne et al. 2003). Such knowledge is logically a prerequisite
when developing techniques to improve students’ understanding and use of Ul pattern

languages.
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Figure 5.1 - Chapter overview
To identify the characteristics of existing Ul pattern languages the investigation
explored different ways of using the Ul-patterns to represent existing user interfaces. A
secondary goal of this exploration is to find a representation that will help students
utilise a pattern language’s structure to guide Ul design. The literature review
indentified problems both students and novice Ul designers have with using Ul pattern
languages and particularly highlighting the development of an understanding of the
structure of a pattern language (Finlay et al. 2002, Kotzé et al. 2006, van Biljon et al.
2004). These issues relate to the third research question (“How can student Ul
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designersr be successfully guided in the use of a Ul pattern language for developing
conceptual Ul design models?”). This is the focus of this chapter.

Figure 5.1 shows the inter-relationships between the main themes of the current chapter
and its relationships with the preceding chapters. The experience of developing the
validation rules, the UMM and the Ul-pattern model all provide inputs to this chapter.
The chapter starts with a short survey of literature on problem-based learning. Next a
method for introducing students to pattern-guided Ul design using the Ul-pattern model
is proposed. As part of this development a set of patterns modified specifically for

introducing students to pattern-guided Ul design is proposed.

5.1 Problem Based Learning (PBL)

Prince (2004) evaluates active learning (Bonwell & Eison 1991) in the context of
engineering education. He defines four instructional methods that are regularly
encountered in the literature associated with active learning. These can be used either

independently or in combination:

Active Learning should engage students in the learning process by involving them in

learning activities that are meaningful to them.

Collaborative Learning emphasises students interacting together as they work together

toward some common goal.

Cooperative Learning is similar to collaborative learning in that groups of students
normally work together on structured activities but are assessed

individually.

Problem-based Learning focuses on the problem which provides the context and the

motivation for both instruction and learning.

Although Prince isolated active learning as a specific type of instructional method he
also uses the term generally to represent all the other methods. His review identified

‘extensive and creditable evidence’ that using these approaches:
1. Results in students becoming engaged in learning with measurable benefits.
2. Improves students’ achievements by a significant magnitude.

3. Promotes collaborative and cooperative learning environments which improve

overall student learning.

4. Requires students to become individually responsible and accountable.
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5. Promotes positive student attitudes to learning.

In relation to problem-based learning instructional methods, he identified four important

outcomes:

1. Traditional test scores are unlikely to improve.

2. Students’ attitudes to learning and study habits will improve.

3. Students will retain knowledge for a longer period.

4. Most students will improve their critical thinking and problem-solving skills.

Merrill (2002) reviewed many current educational theories that consider problem-
centered instruction including constructivism. He has distilled his analysis of the
theories down to five principles that should promote learning when the learner:

1. Becomes engaged in solving real world problems.

2. Builds the new knowledge on a foundation of existing knowledge.
3. Observes a demonstration of the new knowledge.

4. Applies the new knowledge.

5. Integrates the new knowledge into their own world view.

According to Merrill “these principles are necessary for effective and efficient
instruction” (ibid, p44) and that it is the engagement in ‘real” world problems that is key
to the other four principles. These identify the four instructional phases of activation
(I’'m here), demonstration (show me), application (let me) and integration (watch me).
Merrill makes the point that he considers collaboration to be an important component of
both the demonstration and application phases and not a first principle. He also
identifies scaffolding (Wood et al. 1976), a form of diminishing coaching, as a

significant technique used during the application phase.

The constructivist approach to learning (Jonassen 1999, Jonassen & Carr 2000,
Jonassen et al. 1996) is normally discussed in the context of using technology as an aid
to student learning. But, Jonassen (1999) makes it clear that “alternative approaches to
using technology” are possible within the constructivist field. Jonassen and Carr (2000)
report on how many different types of computer software systems can be used as aids to
students learning within the constructivist framework. They suggest that such tools
encourage students to develop alternative models or representations of the knowledge
they are endeavouring to comprehend. Building knowledge representations is a central
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foundation of the constructivist approach to learning. Jonassen (1999) defines
constructivist learning “conceptually in an objectivist way” (ibid, p215) where he
clearly describes the methods and instructional activities associated with this approach.

He identifies four values which form the foundations of the theory:

1. The problem the students are set to solve is central and should be ill-defined or ill-

structured.
2. The student or learner needs to take ownership of the problem (learning goal).

3. Instruction focuses on providing experience that encourages knowledge

construction, based on the learner’s interpretation.

4. The learner needs to be actively involved and the problem solving involves real

world tasks.

Although solving real problems using techniques that professionals actually use is the
ideal situation for this form of active learning, providing an ‘authentic’ experience for

the learner is sufficient for quality learning. Jonassen (1999) points out that:

“Most educators believe that ‘authentic’ means that learners should engage in
activities which present the same type of cognitive challenge as those in the real
world, that is, tasks which replicate the particular activity structures of a context.”
(ibid, p221)

The other important feature of the constructivist approach is that worked examples or
cases illustrating similar problems and potential solutions should be available. These
cases should be graded in difficulty and are part of the scaffolding toolbox. They create
a form of surrogate experience and ‘memory’ of the problem and solution domain that

the novice learner can access as required.

Although some theorists suggest that the learner should also identify and define the
problem (Bruckman 1998) most imply that the teacher identifies the initial problem but
students should then be involved in shaping and defining that problem. Jonassen (1997)
identified six attributes of the ideal ill-structured problem:

1. The goals and constraints are unstated.
2. There are multiple candidate solutions or possibly no solution at all.

3. Multiple criteria can be used to evaluate the solutions.
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4. There is uncertainty about the knowledge required for solving the problem and that
knowledge will normally need organising.

5. There are no general rules or principles that can be used easily to predict the

outcome of most cases associated with the solution.
6. The learners will have to make assumptions and judgements about the problem.

Wood and Wood (1996) reviewed the research and theory of tutoring and learning,
related to working with individuals, acknowledging that there is a gap between what can
be learned about solving a problem alone, and the potential for what can be achieved
with guidance or collaboration. Scaffolding provides suitable help when the learner
gets into difficulty and less help as the learner becomes more proficient, a form of

‘contingent’ teaching. The goal for scaffolding as a teaching strategy is:

“... for the student to become an independent and self-regulating learner and

problem solver’ (van der Stuyl 2002, p2)
Wood and Wood (1996) identify four important features pertinent to scaffolding:

1. Tutors need to provide a bridge between existing knowledge and the new

knowledge.
2. Tutors need to support a learner’s problem solving efforts.
3. Learners have to become involved in the problem solving experience.

4. Tutors have to aid transfer of responsibility for learning. As the learner begins to

solve problems independently, the tutor systematically withdraws their help.

As well, they identify a number of issues related to learning to solve problems. Firstly,
the need to learn how to transform a ‘messy’ problem situation into a form which will
aid problem solving. Secondly, the need for experience in representing problems using
different forms and selecting suitable forms that help solve a problem. Thirdly, the need

to develop experience in identifying when something is wrong and learn to self-correct.

5.2 Learning to Use Ul Patterns

In the literature review (Section 2.1.3) it was found that a number of authors (e.g.
Mahemoff 1999, Borchers 2001a, van Welie 2001, Crabtree et al. 2002, Graham 2003,
van Duyne et al. 2003, Tidwell 2006, Schimmer & Lukosch 2007) make reference to
pattern-guided Ul design methods. Only one method, Seffah and Gaffer’s (2007)

pattern-driven model-based Ul development framework (PD-MBUI), provides guidance
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on how to use the information in Ul patterns to create a conceptual model of the
required Ul. This Ul development method is integrated into an automated tool and

guidance is via a “Patterns Wizard’ that:

“... helps user interface developers in selecting and applying patterns when
constructing and transforming the various models to a concrete user interface.”
(ibid, p1411)

It appears that most of the methods used Ul patterns as a reference source rather than as
a ‘primary’ component within the design process. These methods also assume that
some members of the design team will be experienced Ul designers who will use many
of the solutions captured in Ul design patterns (Wania 2008). Experienced designers
need only to access Ul design patterns for helping solve unfamiliar problems when they
are encountered. In general, students are not Ul design professionals so do not have a
body of knowledge enabling them to access easily the knowledge encapsulated within
Ul design patterns. Taking an extreme stance, everything will be a new problem for
students or trainee Ul designers. They need more guidance in how to use patterns

effectively.

This observation raises the issue of the type of guidance student Ul designers need.
Providing guidance can be seen as a form of tutoring or coaching. The problem of Ul
design is that it is a creative activity where the required Ul is often incompletely
specified and even when well-specified the requirements usually change during the
design process. From the students’ perspective, Ul design could certainly be classified
as an ‘ill-structured’ or ‘messy’ problem (Wood & Wood 1996). Ul design exhibits the

six attributes of an ‘ill-structured” problem identified by Jonassen (1999):

1. The goals and constraints for the proposed Ul are often incompletely specified and

frequently conflicting.

2. There will be many potential Ul solutions that could be designed to conform with
the specification.

3. Ul designs can be evaluated using different evaluation methods and criteria.

4. There is uncertainty about which Ul knowledge should be selected for solving a Ul
design problem. Even when using a tool such as a Ul pattern language, that
knowledge will normally need re-organising and/or modifying to become useful for

a specific Ul design problem.
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5. Although applying usability rules or principles should improve a design, predicting
the outcome of Ul designs requires thorough testing with at least a low-fidelity

prototype (a physical model).

6. The Ul design student will have to make judgements as they develop their Ul design

and be able to justify their decisions.

lll-structured problems are central to the constructivist learning environment and Ul
design can be taught within the framework of this approach. As discussed in the
preceding review, encouraging students to create alternative representations of the
knowledge by building models is important for helping students to develop their own
interpretations. Model building, often in the form of prototyping, is central to Ul design.
This is normally within the context of a user-focussed Ul design method such as
Context Design (Beyer & Holtzblatt 1998).

Although the constructivist approach is generally described in the context of students
creating their own techniques and modelling representations, an important feature of
this approach is that the student experience is authentic. An authentic experience.
provides a similar cognitive challenge but is not necessarily the same as real world
approaches and tasks. In the world of Ul development using formal and informal Ul
design methods and carrying out modelling tasks are important activities of Ul design
experts. Most of these methods are not simple ‘cookbook recipe’ instructions that can
be followed mindlessly but require considerable judgement to apply successfully. This
can be a significant challenge for many students. Providing scaffolding for these
students is important because “scaffolding focuses on the inherent nature of the task
being performed” (Jonassen 1999, p235).

Scaffolding is central to the constructivist approach to helping students learn. It should
be designed to provide temporary aids for the student, especially the less able, so they
can become effective learners. As indicated at the beginning of this section, existing
pattern-guided Ul design methods provide little assistance with how to use patterns once
they have been selected from a pattern language. This lack of ‘authentic’ tasks is a

problem for the educator because Jonassen (1999) points out that the teacher

“... should determine what kinds of information the learner will need in order to
understand the problem” (ibid, p225).

When teaching Ul development his directive implicitly includes identification of

suitable Ul design methods and Ul modelling techniques. It is not clear what to use to



106

help students gain an understanding of using Ul patterns during Ul design and therefore
methods and techniques need to be developed. Jonassen suggests that the teacher:

.. should analyze the activity structures required to solve the problems and
identify processes that need to be represented visually and how the learner needs

to manipulate those images to test their models of the phenomena.” (ibid, p226)

It was in this way that the Ul-pattern model described in the previous chapter was

developed.

The Ul-pattern model has been proposed as a suitable representation for providing
evidence of the pattern language passing Test-three of the set of validation tests. During
the development of this model the researcher recognised that the Ul-pattern model had
potential to help students develop their understanding of the structure of a pattern
language. Also they could learn about using that structure to select appropriate patterns
for describing a Ul. This process needs to be incorporated into a detailed Ul design
method that can be used in the context of teaching Ul design.

The structure of the information presented to learners may also influence their learning
(Jonassen 1999). It is clear from the review of the literature that the content and
presentation of the Ul patterns, and the structure of the pattern language are important
issues (Section 2.4). Developing a teaching-specific Ul pattern language for at least
initial instruction accompanied by graded examples is desirable. These would provide a
temporary framework supporting students while they learn the tasks and methods, and
become familiar with the structure of the knowledge in patterns and the structure of a
pattern language.

5.3 Pattern-guided Ul Design

In discussing the use of patterns in the Ul design process van Welie (2001) says that:

“Design patterns capture proven design knowledge and provide means to define a

link between user tasks and suitable design solutions.” (ibid, p7)

He assumes that task modelling has been completed and suggests Ul design patterns be

used as part of the detailed Ul design process of which he says

“This activity consists of three sub-activities that are strongly interrelated:
specifying the functionality, structuring the dialog between the users and the

system, and specifying the way the system is presented to the user.” (ibid, p4)
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The experience of developing the Ul-pattern model suggested that this model could be
the basis of a detailed design method bridging the gap between task analysis and the
concrete design of the new Ul. The PD-MBUI framework (Seffah & Gaffer 2007) does
exactly that with the conceptual models being developed in phase two. These Ul
conceptual models are defined using wireframe diagrams and XUL, with automated Ul
pattern guidance via the patterns Wizard.

The framework proposed here has been developed primarily with the objective of
helping students use Ul design patterns rather than for use by Ul design professionals,
although they are not excluded. The aim is to provide an ‘authentic’ experience
(Jonassen 1999) in as much as the students carry out tasks and are cognitively
challenged in ways that are similar to those that the expert Ul designer would
experience. The method is inspired by Alexander’s eight step approach (Alexander et al.
1977) but rather than identify the relevant patterns and develop a sequence of patterns,
the selected patterns are organised into a Ul-pattern model.

The proposed Ul conceptual model amalgamates both Constantine’s (2003a) canonical
abstract prototype diagrams (Figure 2.1) and navigation maps (Constantine 1998).
These are combined into a single diagram based on the diagrams created by System
Architect (Phillips & Joe 2005). This combination diagram has been named a Teaching
User Interface Conceptual (TUIC) model. The diagram is used to illustrate the essential
elements of a pattern’s solution. As stated in Section 2.3.1.2, this model has been
chosen to illustrate patterns specifically tailored for teaching students because it is a
semi-formal method that uses a clearly-defined minimalist symbol set (Appendix Al4).
TUIC modelling is similar to using sketching and storyboarding, both techniques
typically taught to HCI students, and consequently minimises the learning load for
students. The symbols used are visually similar to generalised icons used to represent
widgets in an Integrated Development Environment (IDE) toolbox. Both of these

advantages conform to the constructivist view that visualisation tools

“... must closely mimic the nature of images required to understand the ideas.”
(Jonassen 1999, p226)

TUIC modelling has the added advantage that students have to focus on the conceptual
requirements of the Ul that they are modelling. The students are divorced from the

physical toolbox approach of traditional hi-fidelity prototyping. This should encourage
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them to identify the essential elements required to create a solution rather than
identifying physical Ul widgets and prematurely designing their layout.

5.3.1 TUIPL: Teaching oriented Ul design guided by a Pattern
Language framework

(Teaching 1 k. Customising | Project Spating

Patlem Language) | pattarns LA Patterns
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Figure 5.2 - The pattern-guided Ul detailed design framework
The Teaching Ul design guided by a Pattern Language framework (TUIPL) for the Ul

detailed design stage is composed of five key processes, two conceptual models, a
domain specific pattern language with lo-fidelity and hi-fidelity prototypes as shown in

Figure 5.2. TUIPL’s five processes are:

Ul-pattern modelling takes the information defined in the Ul requirements and uses this
information to select relevant patterns from TUI. These patterns are then
used to create the model by selecting relevant links between the patterns and

structuring the graph hierarchically.

TUIC modelling brings together both canonical abstract prototypes (Constantine 2003a)
and navigation diagrams (Constantine 1998) to create TUIC model diagrams
illustrating the solutions of each pattern making the Ul-pattern model.
These diagrams are then used to guide the development of the TUIC model
for the Ul.

Customising patterns takes the information from the Ul patterns used in the Ul-pattern
model and modifies them to refer explicitly to the context of the new Ul
being modelled. This could include using relevant examples and modifying
the TUIC MODEL diagrams to use naming relevant to the Ul rather than

generalisations.

Lo-fi prototyping produces the Ul layout and navigation diagrams, guided by the
project-specific Ul patterns. The lo-fi prototype is created by restructuring
the TUIC model to develop the layout and possibly replacing the CAP

symbols with Ul toolbox widgets.

Hi-fi prototyping translates the lo-fi prototype into the final user interface.
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The whole process is iterative with the insights gained from one activity feeding back to
modify earlier outputs and continuing until an acceptable Ul is completed.

LEVELS PATTERN LANGUAGES Ul MODELS
Concepts, Usability Tul
1 & Ul Design | (Teaching Ul ——ccceen--- U;eﬂg:?;
Knowledge pattern language)
.
COET .
2 Abstract Ul-Pattern TUIC
interface meta-model | -=""""""""""7" Model — ~ 7777777 Model
3 Concrete __ Project Specific Nlé?im:tti;,
interface meta-model | 77777 Ul Patterns Diag?rams

Figure 5.3 — Levels of abstraction matching the pattern languages and models found in
TUIPL

The pattern languages developed through following TUIPL are identified in Figure 5.3.
In the left-hand column of the diagram are the three levels of pattern language used or
created during the Ul-design process. The top level depicts the principles, concepts and
best practice Ul knowledge as embodied in a Ul pattern language. Level two is the
abstract meta-language formed by the patterns and relationships selected to describe a
given Ul specification. The third level represents a domain-specific meta-language
created by instantiating the patterns forming a domain-specific meta-language reflecting

the Ul project.

The diagram’s middle column represents the Ul pattern languages used or created
during the pattern-guided Ul design method. At the first level is the general Ul pattern
language, which for the purpose of this research is the TUI pattern language. From this
language the patterns that best fulfil the specification of a new user interface are
selected. These patterns are linked together to form the Ul-pattern model thereby
forming an abstract meta-language for the required Ul for level two. In the third level a
project-specific pattern language is created by modifying the patterns forming the Ul
pattern model. Seffah and Gaffer (2007) describe this as a process of adaption to the

current context of use and defining it as:
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“A pattern is an abstraction that must be instantiated. Therefore, this step has the
pattern P adjusted according to the context of use, resulting in the pattern
instance S.” (ibid, p1413)

The generalised text, examples and diagrams of each Ul pattern are modified to refer

specifically to the Ul design project’s domain, referencing only relevant links.

Three Ul models are also used or developed as part of the TUIPL framework. These are
shown in column three. The Use Case model is the expected task modelling method
that would be part of the Ul requirements documentation at level one. The second level
is the conceptual model which in the TUIPL framework is a TUIC model. The third

level is represented by the layout and navigation diagrams typical of low-fidelity
prototyping.

The TUIPL framework enables the students to become familiar with all three
approaches identified by Griffiths and Pemberton (2004) to learn about pattern
languages. The building of the Ul-pattern model provides an opportunity for students to
learn about a Ul-pattern language. Using the patterns to learn how to create TUIC
models is an example of students learning through using a Ul pattern language. Finally
the process of customising the Ul patterns identified by the Ul-pattern model, to reflect
the new Ul can be used by students as an introduction to discovering and writing their

own patterns.

5.3.2 Scaffolding TUIPL
In the previous section the TUIPL framework has been presented. This framework is

designed for developing new user interfaces. The goal of a learning unit based on this
method would be for students to complete a full Ul design project. For the purpose of
introducing the students to the Ul-pattern modelling method, creating models for an
existing user interface is considered more appropriate. It is generally easier to
understand an existing Ul than to have students become involved in the more intensive
creative processes required when constructing models for a new Ul. The aim is to focus
the students’ attention on using Ul patterns while learning the new modelling methods.
This approach scaffolds the student’s initial learning by helping to bridge the gap
between having minimal knowledge about the models and methods, and about using
them for developing new Ul. Re-engineering existing Uls is also a valid ill-structured
problem which is regularly carried out in the real world.
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Each of the processes in the TUIPL framework poses a difficult problem-solving
situation for anyone encountering it for the first time. Learning to create the first two
models needs further guidance in how to go about both Ul-pattern modelling and TUIC
modelling. An argument against providing a step-by-step method for guiding a
modelling process is that it restricts students in developing their own independent
representations. On the other hand providing a modelling method can also be beneficial

as Jonassen (1999) points out:

“Modelling tools provide knowledge representation formalisms that constrain the
ways learners think about, analyze, and organize phenomena, and they provide an
environment for encoding understanding of those phenomena.” (ibid, p227)

5.3.3 Ul-Pattern Modelling

E

I- zelect
A - pattern B- Ul - zelect o - F-create
farniliarization examination overall pattern e pattern f.r':'m | Ul-pattern-model
reference list

A. Become familiar with the subset of Ul patterns.

B. Examine the illustration of the user interface for the exercise.

C. Select a pattern from the first three patterns in the subset (1, 2 or 3) that best
describes the overall nature of the type of data or information that the Ul
deals with.

D. From the list of patterns that this pattern references, select those that best
describe some other feature of the user interface you have been asked to
model.

E. Continue in a similar manner selecting more patterns from the list of patterns
referred to at the end of each pattern you select; select patterns that best
describe each feature of the user interface until you can’t select any more

F. Using the patterns you have selected create a diagram showing those
patterns and connecting them with lines to indicate how they are linked into a
Ul-pattern model.

Figure 5.4 - Method for creating a Ul-pattern model when introducing students to Ul
patterns

The Ul-pattern modelling method used to introduce students to Ul- pattern languages
and using them to model Uls depends on the existence of a suitable set of patterns and
an appropriate Ul. This method is designed to provide sufficient information for
students to create a model but is not so detailed that it does not allow for students to
develop their own views of how to go about creating one of these models. This is
important because the constructivist approach to PBL encourages students to develop

their own representations of the knowledge they are learning.

Figure 5.4 shows the steps in the first version of the proposed method for this process.
In this method the students first work through all the patterns in the pattern language to
become familiar with them. Next they are required to select patterns that describe the
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features of an existing user interface. They are directed to use the context and reference
links identified in each pattern to limit the search for the next pattern they select. Once
they consider they have found sufficient patterns to completely describe the Ul they are
directed to take this list and organise it into the start of a hierarchical structure by using
the link information in the patterns. The resultant linked structure is organised into a
Ul-pattern model by using only relevant links and duplicating pattern nodes where such

duplication improves the depiction of the UI.

5.3.4 TUIC Modelling

ma
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Ul-pattern model~m symbal | overall detailed from next ®| TUIC components
familiarisation amiliarisation interactionspace pattern in exemplar

A. Find the subset of Ul patterns used in the Ul-pattern model and become
familiar with how they describe the example UI.

B. Become familiar with the TUIC components.

C. Starting with the top pattern, examine the solution and the TUIC model
diagram to get an overview of the model you are to create. Draw an outline
space and label it.

D. Work down the patterns using the TUIC model diagram to guide your
modelling. Use generic symbols for higher level patterns.

E. Use lower level patterns to add CAP details and navigation symbols. Refine
generic CAP symbols with specific ones.

F. Name all components on your TUIC model to reflect the example Ul.

Figure 5.5 - Method for creating a TUIC model when introducing students to Ul patterns
The TUIC model is a form of Ul conceptual model and has been selected to encourage
students to think at an abstract level about the detailed requirements of the Ul they have
been asked to model. The method proposed for helping the students develop their
models, like that proposed for guiding Ul-pattern modelling, is flexible enough for
students to have to use their own judgment on how to proceed and how to apply the
exemplars provided in each of the patterns. This method also depends on the existence
of a suitable pattern language and example Ul with a Ul-pattern model representing that
UL.

The overview and steps in the proposed TUIC modelling are shown in Figure 5.5. The
students are provided with an exemplar Ul-pattern model similar to the one they will
already have created in a previous exercise. First they need to be familiar with the Ul-
pattern model and the TUIC symbol list (Appendix Al4). Then they use the patterns
identified by the Ul-pattern model to guide the TUIC model development. The TUIC
model diagrams identify the essential elements of the solution in each pattern. Finally
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the students are directed to update labels used on their diagrams to reflect the domain of
the Ul they are modelling.

5.4 TUI: The Teaching User Interface Pattern Language

To investigate the impact on student learning of the physical organisation of individual
Ul patterns and also the inclusion of different items within a pattern, a restricted set of
patterns modified for student use is required. Creating a pattern set especially for
student use has been found to be beneficial for students in the Software Engineering
domain (Freeman et al. 2004, Muller 2005) and has since been confirmed in the Ul Web
design domain by Koukouletsos et al. (2007). But there is a problem of how far a
pattern language specifically designed for students needs to diverge from those found in

the real world.

The proposed pattern-guided Ul design method requires a language that has sufficient
frequency of the three basic relationships (Section 4.1.1) so that a Ul-pattern model can
be created. For expert Ul designers this requirement is probably not necessary because
they should have enough knowledge to readily recognise missing relationships and as a
consequence could update any pattern collection they are using. Most students will not
have this knowledge and as the literature (Finlay et al. 2002, Wesson & Cowley 2003,
Kotze et al. 2006) indicates they would have difficulty using a collection that is poorly

structured.

The set of patterns that had most often been used in earlier investigations (see Tables
2.2 and 2.3) was Tidwell’s Common Ground collection (1998, 1999). Therefore this set
has been used as the basis for the first version of TUI. The analysis of three Ul
examples that had been successfully used in previous HCI courses at Massey University
has been used to determine a suitable subset of patterns for TUI. Partial pattern maps
were created for three Ul examples. The narrative content of the patterns is based on
Tidwell’s Common Ground (1998, 1999). Where an appropriate pattern could not be
found a pattern from Tidwell’s (2006) version of the pattern language has been added.
One additional pattern ‘07 Master with Details’, has been based on Bradac and
Fletcher’s (1998) Form Style patterns.
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—_— Reference only
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01 — Marrative 11 - Tabular Set

02 - Highdensity Infarmsation 12 - Stack of Working Surfaces

03 - State Information 13 - Choice from & Small Set

04 - Transaction by Form 14 - Choice from a Large Set

05 - Contral Panel 15 - Conveniert Environment Actions
06 - Collection beside Contert 16 - Pointer Shows Affordance

07 - Maszter with Details 17 - Forgiving Text Entry

05 - Cascading Collections 18 - Input Prompt

09 - Groups with Titles 19 - Good Detaults

10 - Hierarchical Set

Figure 5.6 - Pattern map for initial version of TUI

Figure 5.6 shows the pattern map for the nineteen patterns making up the first version of
TUIL. It would have been possible to modify the context and reference sections of the
original patterns so that the resultant pattern map was internally valid (Section 4.1.1).
This may assist student learning because research had already identified that they had
difficulty understanding the relationships between patterns (e.g. Kotzé et al. 2006).

After due consideration, it has been decided to use a realistic pattern map.

Changes have been made to the patterns so that Ul-pattern models could be created for
each of the three examples. However some links are only mentioned in either the
reference or the context section of the related patterns. Additional patterns have been
added so students have to make choices, for example between the patterns ‘10 -
Hierarchical Set’, “11 - Tabular Set’ and ‘12 - Stack of Working Surfaces’. The pattern
language has enough patterns to enable Ul-pattern models to be created for simple user
interfaces but pattern selection is limited to ensure that only single hierarchies can be

created.
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Attributes| Map Hierarchy Levels Match Complexity | Richness Views

TUI mapped | hierarchical [ modelled | developing possibly developing possibly

Table 5.1 - Values of TUI’s maturity model attributes

TUI’s structure has been assessed to check that it is realistic by using UMM. The
values assigned to each of the attributes are shown in Table 5.1. All patterns in TUI
link into the validation pattern map, and this map can be organised hierarchically as
shown in Figure 5.6. The levels can be used to describe a Ul at different levels of
granularity and a number of Ul-pattern models have been created using it (Appendices
A5 & AT7). Most relationships in the context and reference sections are basic
relationship types but only thirty-four percent of them match. There are three potential
root patterns in TUI which can be used for defining the overall context for a Ul. Most
of the patterns relate to each other spatially but some with temporal relationships have
been included. The Uls that can be described using TUI are basic screen designs. The
maturity model classification of ‘possibly’ has been assigned indicating that partial
hierarchies can be created.

Over fifty percent of the links in the resulting graph are intra-level links or inter-level
links. So although this Ul pattern language is small it is very complex. This
complexity is partially due to the language being predominately a subset of an existing
pattern language with a low maturity rating (Figure 4.4). Some alternative relationships
have also been retained so that richness is just developing. The rationale for leaving this
complex structure in TUI was the similarity of the structure to both van Duyne et al.’s
(2003) Design of Sites pattern language and van Welie’s “Patterns in Interaction Design
pattern language (accessed 2003). Both have been used in a number of the studies
(Wesson & Cowley 2003, Kotzé et al. 2006, Segerstahl & Jokela 2006). This first
version of TUI is moderately mature with a maturity rating of 14 which is similar to that

of van Duyne et al.’s (14) and van Welie’s e-commerce pattern language (13).

A major influence on the decision about the link structure of TUI is the premise that
students would be able to work with a realistic pattern language structure because they
would be introduced to it through the construction of a Ul-pattern model. This
approach in part conforms to the constructivist point of view that the type of problem
students ought to solve should be ill-structured or messy, and authentic. The structure
of TUI has been progressively modified as the research progressed.

Several studies (Finlay et al. 2002, Dearden et al. 2002a, Chung et al. 2004, Segerstahl
& Jokela 2006) reported that their subjects identified the illustrations as being an
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important feature of the patterns. Illustrations are known to be important for enhancing
learning. Carney and Levin (2002) review the research about the impact of pictorial
illustrations on student learning of the accompanying text. They identify many ways in
which illustrations can help students learn textual material. These include: increasing
motivation to read the text, focusing the learner’s attention, helping to clarify content
and serving as mental models. They also identified five different types of illustration.
The purely decorative illustration will have little or possible even a negative effect on
learning. The example they give is a stylised sketch of a pine tree with text about a
tramping track. The next type of illustration is the most common; a picture depicting
some aspect of the text it accompanies, including examples. These representational
pictures can have a moderate impact on student learning. The next two types of
illustration have more impact on learning. The organisational picture provides structure
for the text, as a map would for text about a tramping track or a diagram highlighting
the main steps in a process. The interpretational illustration is the type of diagram that
clarifies some difficult part of the text. The type of illustration that can provide the
most benefit for learning is called transformational. These illustrations can also be the
most difficult to design. They “include systematic mnemonic components that are
designed to improve a reader’s recall of text information” (Carney & Levin 2002, p7).
There is a recognisable visual element related in some way to the title of the text and it

recurs in a series of illustrations related to different parts of the text.

Some researchers (e.g. Dearden et al. 2002a) cautioned that there is a tendency for
students to rely on the illustrations when making Ul design decisions. No studies could
be located that actually tested whether this warning had any foundation in reality. Three
versions of TUI were used to investigate the role of illustrations when introducing

students to a Ul pattern language.
1. The narrative pattern type - where the patterns have no illustrations.

2. The illustrated pattern type - where the patterns have a large screen shot illustrating
a typical example of the Ul issue the pattern addressed. These illustrations can be

classified as representational.

3. The diagrammed pattern type - where the patterns include a diagram to illustrate the
essential elements of the solution. These diagrams can be classified as
interpretational. In these patterns all the screen shots illustrating the examples were

placed at the end of the pattern.



Chapter 5: Introducing Students to Ul Patterns and Ul Pattern Languages 117

5.5 Summary

A pattern-guided Ul design framework TUIPL has been proposed for the detailed Ul
design process of Ul development. Learning to design new artefacts like Uls is
intrinsically a process of problem-based learning. TUIPL has been developed in the
context of the constructivist approach, a form of problem based learning. It has been
designed primarily for teaching Ul design students about using Ul patterns to design
Uls, with the aim of helping students learn about Ul pattern languages and how they
might be used in Ul design. The framework is compatible with existing user-centered
techniques and is not precluded from being used as part of a commercial Ul
development project. It should provide students with an authentic experience, a
necessary goal of creating a constructivist learning environment. This method can be
used to introduce students to the development of conceptual Ul models in the form of
TUIC models.

Finally a pattern language, TUI containing nineteen patterns has been created. TUI has
been designed to be used by students with TUIPL. The first version of TUI described in
this chapter is not internally valid and its maturity is comparable with commonly
available pattern languages at the time the initial version was created (2006). This
complexity is partly due to the language being primarily a subset of an existing
immature pattern language. A realistic Ul pattern language structure has been
developed for TUI, so that an ‘authentic’ situation can be provided for students, in-line
with constructivist thinking. It has been surmised that by constructing a Ul-pattern
model, students will be able to develop their understanding of the structure of a Ul

pattern language, overcoming the difficulties reported in the literature.

This research is focussed on the first two processes in TUIPL, from Ul requirements to
the development of a TUIC model. The first process is the Ul-pattern modelling
method and the second is the TUIC modelling method. The investigations studying

these two processes are reported in the following chapters.
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Chapter 6: Research Overview

Three studies have been designed to address the issues raised by the literature review
and the outcomes reported in Chapters Three, Four and Five. These studies are carried

out sequentially with the results from one study leading into the next.

The first part of this chapter describes the approaches used. The three studies are then
introduced. The second part of the chapter describes the different versions of the
experimental artefacts. Finally, there is a description of the processes each of the three
studies use. These have been placed in this chapter to reduce duplication because they
have many features in common. Consequently, they are more easily compared.

6.1 Research Questions

The three questions that this research addresses are restated here:
1. What are the characteristics of a Ul-pattern language?

2. Are there any specific requirements of a Ul pattern language when used for teaching

student Ul designers?

3. How can student Ul designers be successfully guided in the use of a Ul pattern

language for developing conceptual Ul design models?

The research is structured around three main threads. These are: pattern language

characteristics, pattern form and Ul pattern-informed design.

The first thread, reported in Chapters 3 and 4, explored the characterisation of Ul
pattern languages. The attributes identified describe the structure of Ul pattern
languages and the investigation resulted in the development of UMM (Section 4.4).
UMM can be used to characterise pattern languages and compare and contrast them.
The application of UMM to evaluate existing pattern languages provided the inspiration
for the development of the Ul-pattern model. This model has been recognised as having

potential for scaffolding students” understanding of the structure of a pattern language.

The second thread is to ascertain whether Ul patterns linked into a pattern language are
a suitable tool to use with Ul design students. The literature review identified the
benefits of using Ul pattern languages with students and groups of designers to inform
Ul design but also identified a number of issues that need addressing (Section 2.2.3).
The visual elements used to illustrate patterns have been identified as being important
(Finlay et al. 2002, Dearden et al. 2002a, Chung et al. 2004, Segerstahl & Jokela 2006)
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but when included in Ul patterns users may place too much emphasis on them (Dearden
et al. 2002b). No studies could be found that tested whether this caution had any
foundation. This investigation considers whether the pattern form used has any
consequences for student learning focussing on the types, position and size of the

illustrations.

The impact of pattern language structure on student learning is also explored because
several studies report that new users of pattern languages have difficulty using the
structure of a pattern language (Finlay et al. 2002, Wesson & Cowley 2003, Kotzé et al.
2006, Koukouletsos 2008).

A number of studies reported that students’ retention of Ul design knowledge (Borchers
2002) and that the Ul models they created improved (Laakso et al. 2000) after being
introduced to using Ul patterns. Koukouletsos et al. (2009) is the only study that
confirmed that students had no prior knowledge before being introduced to a set of Ul
patterns covering that knowledge. They report that the students developed Ul

prototypes that applied the usability principles introduced in the Ul patterns.

The third thread investigates the use of TUIPL as a suitable Ul design framework for
students follow when learning pattern-guided Ul conceptual modelling. The premise is
that as a consequence of using TUIPL students should develop an understanding of Ul
patterns and Ul pattern languages. Students should also learn the Ul knowledge
contained within the patterns (Seffah 2003, Borchers 2002, Koukouletsos et al. 2009).
The constructivist approach to learning (Jonassen 1999) influenced the development of
TUIPL. Constructivist learning should encourage students to wuse problem
transformation to develop an understanding of Ul patterns, Ul pattern languages and
detailed Ul design by model building. Students should be provided with a Ul design
experience similar to a real world experience when applying TUIPL. In the second
study the Ul-pattern model and the diagrammed version of TUI with TUIC model
diagrams illustrating the solution of each pattern should provide scaffolding (Wood &
Wood 1999) to guide the students in building a TUIC model.

6.2 Research Approach

The over-arching research method used for this research is best described as an
exploratory “Design Study” (Brown 1992, Cobb et al. 2003, Shavelson et al. 2003, Bell
2004, Collins et al. 2004). This approach is used where the research is taking place in

an educational setting as part of the normal instructional programme.
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“Design studies are iterative in that they involve tightly linked design-analysis-
redesign cycles that move toward both learning and activity or artifact
improvement. They are process focused in that they seek to trace both an
individual’s (or group’s or school system’s ...) learning by understanding
successive patterns in the reasoning and thinking displayed and the impact of
instructional artifacts on that reasoning and learning.” (Shavelson et al. 2003,
p26)

Design Studies typically use multiple data collection methods and multiple research
methods over multiple iterative cycles, often extending over a long period of time. In
the early exploratory stages the type of issue addressed is of the form “What is
happening?” (Shavelson et al. 2003, p28) This type of enquiry is answered using data
collection and research methods that tend to be descriptive in nature. The second type
of issue addressed is of the form “Is there a systematic effect? (Shavelson et al. 2003,
p28) This type of enquiry is used to establish whether there might be a causal
relationship, for example between the use of a teaching artefact and student learning.
Shavelson et al. (2003) suggest that quasi-experiments can often be used to answer this
type of question. The third type of issue can only be addressed by a mature Design
Study during the latter iterations. By this stage, the research should be systematically
identifying causal relationships and mechanisms. The answers sought focus on queries

of the form “Why or how is it happening?”

1
R
i
1

Chapters Thres & Fouwr
Lk

Figure 6.1 - Interrelationships between the different parts of the research

Chapters Three, Four were focused on answering the first research question. Chapter
Five introduces the learning approach, TUI and TUIPL. Figure 6.1 shows that the
findings from all three of these chapters are inputs for the sequence of three studies that
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address the last two research questions. Each of the studies uses a multi-methodology
research design (Mingers 2001) in combination with different methods for data
collection and analysis. An advantage of using this approach is that the different
methods can “focus attention on different aspects of the situation” (Mingers 2001, p243)
another advantage is that triangulation (Benbasat et al. 1987, Yin 1994, Mingers 2001,
Kauloi et al. 1998) can be used to validate the results. Triangulation is “the explicit use
of multiple methods, measures and approaches” (Wilson 2006, p46). It aims to confirm
a finding from one source by matching it to a similar finding from another source thus

adding support to conclusions (Benbasat et al. 1987, Yin 1994).

INDEPEMDEMT DEPEMDEMNT
VARIABLES VARIABLES
Methodsfrom
the TUIPL Method acceptance
framewark
Instructional
approach Ul-Pattern models

TUIC models
Pattern language

structure

Pattern farm Pattern acceptance

Figure 6.2 - Relationships between dependent and independent variables
As previously stated, this research is exploratory and at the beginning stages of a Design
Study. The research questions are all of the first form identified by (Shavelson et al.
(2003) with some tendency towards his second form of question. For example, the
results from the two iterations of the first exercise (trialled in Studies One and Two) are
used to compare the narrative and illustrated forms of TUI, effectively a multi-group
quasi-experiment (Alvarez et al. 2006). A pre-experimental approach (Adelman 1991)
is used to trial the TUIC modelling method in Exercise Two of Study Two. Finally, the
first two processes in TUIPL are evaluated by three case studies in Study Three where
models for a new Ul are created. The quality of the Ul-pattern models and TUIC
models created by the participants in the different studies is a surrogate measure of the
success of TUIPL. Results based on a surrogate need to be confirmed from other

Sources.

“Because the surrogate is an indirect measure, there is danger that a change in
the surrogate is not the same as a change in the original factor.” (Pfleeger 1994,
p17)

Figure 6.2 shows the relationships between the dependent and independent variables

investigated in Studies One and Two. Several different data collection methods are
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used and the results of analyses are triangulated to confirm findings about the dependent
variables being investigated. All three studies in this research are introduced

sequentially in the following sections.

6.2.1 Study One Overview
This study is to assess the proposed Ul-pattern modelling method, the first process in

TUIPL. Itis a quasi-experiment, chosen because:
1. The Design Study is in its early stages.

2. Itis highly desirable to embed the experiment into an existing course. Therefore the
experimental process needed to be as similar to a conventional tutorial format as

possible.

3. A controlled experimental design with randomly allocated groups could not be
devised due to insufficient class time being available. It was not possible to
guarantee that no student would be disadvantaged by being exposed to different
treatments. Also, when carrying out research within the classroom setting with

small classes it is not feasible to select statistically valid random samples.

4. The investigation includes the application of the proposed Ul design modelling
method. A search of the literature associated with designing experiments to
evaluate different methods and processes for designing software identified the
premise that there is no way to effectively administer a “placebo” to a control group.
Pfleeger (1995b) pointed out that:

“If we tell designers not to use a particular method, they are likely to use an
alternative method rather than no method at all. The alternative method may be
hidden, based on how they were trained or what experience they have had ...”
(ibid, p 14)

Two versions of TUI are compared, the ‘narrative’ pattern form and the ‘illustrated’
pattern form. The comparison of the two pattern forms, and any generalisations based
on the results may have their validity threatened by the lack of random sampling and
absence of a control group. To limit such risks to validity, multiple data sources are
used (Benbasat et al. 1987, Pfleeger 2005) so that results can be triangulated (Wilson
2006, Yin 1994).
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ResearchAime Exploreihe uze of a uzerinterface pafternlanguage inthe creation of user interface pattern models by

studert Ul developers.

Ohjectives:

= Determine whether Ul patterns are an acceptable medium for presenting U infarmation to students.

= Investigate whether illustrated examples influence student understanding of patterns and pattern languages.

= Determine whether the Ul-pattern modeling method from TUIPL  can successfully guide students in creating a LI-
pattern model.

= Dizcover whether building & Ul-pattern model develops student understanding of Ul patterns and pattern language
structure.

Participants: Fourteen third year undergraduste students enralledin s first HCT course Mazsey University, FZ | during

hay, ear 1

Researchmethod: — Designstudy primarnly a quasi-experiment

WMithin-subjects design vwas usedtoinvestigate the zecond abjective for this study.

hatched-pairs zampling, students allocatedta one of twa groups randomly .

Components of the Study Data collection
Introduction Exit Ciuestionnaire — section &
Demonstration

Patterns Guestfionnaire
Exit Guestionnaire — section B
Ohzervation — images

Lll-pattern modeling Resuttart Ul-pattern models
Exit Cuestionnaire — section C
Ohszervation — images
Exit Questionnaire — section E

Table 6.1 - Overview of Study One
Table 6.1 provides an overview of Study One showing the guiding aim and associated

|=ing narrative and illustrated Ul-patterns

Communication sid

objectives. It identifies the data collection methods used for each part of the study.
Data collection is both qualitative and quantitative. To compare the narrative and

illustrated versions of TUI, a within-subjects design is used.

The population from which the student sample is drawn consists of all those students
who are likely to enrol in the introductory HCI course over the years that the course is
taught. The sample consists of all the students enrolled in the course in a specific year.
Students are first organised into matching pairs based on past performance in an HCI-
focussed assignment. Each member of the pair is randomly allocated to one of the two
treatment groups creating equivalent groups. Threats to external validity (Alderman
1991, Kitchenham & Pickard 1998) are reduced because the students are learning in

their natural setting of a standard tutorial within the course.

Observational data is primarily in the form of a series of digital photographs of the
workspace used by each pair of students. These are analysed using description, pattern
matching and simple counting. The scores obtained from assessing the resultant Ul-
pattern models are compared using Student’s T-test. This is a robust test for small
samples drawn from populations that approximate a continuous normal distribution. A
robust test is essential because of the potential threats to internal validity posed by a
sample that is inherently self-selected because the students chose to enrol in the HCI
course (Alderman 1991, Rosenshine 1970).

The students’ responses to the Patterns Questionnaire are cross-correlated to assess
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whether students answered independently, having worked in pairs. Counts and
percentages are used where appropriate. The data describing the students’ opinions of
using the different pattern forms is tested using CHI-square, robust test for comparing
distributions. Explanatory narrative (Gerring 2004, Flyvbjerg 2006) and descriptive
analysis (Ragan et al. 2004, Shavelson et al. 2003) are used with the Exit Questionnaire
responses with the addition of some counts. For the questions that required a response

on a five point scale, descriptive statistics are used.

6.2.2 Study Two Overview
Study Two is the second iteration in this Design Study and has two parts. The first part

implements relevant findings from Study One. The protocol from the first exercise in

Study One is re-used for Exercise One in this study.

FesearchAime Explorethe uze of a uzerinterface patternlanguage inthe creation of conceptual uzer interface

models by student Ul developers.

Objectives:

= Confirmthat Ul patterns are an acceptable medium for presenting Ul infarmation to students.

= Confirmthat the Ul-pattern modelling method from TUIPL can successfully guide students in creating a UI-
pattern model.

= Dizcover whetherimplementing the findings from Study One helped students build better Ul-pattern models and
helped developtheir understanding of pattern language structure.

= Determine whether the TUIC modelling method from TUIPL  will support studerts inusing Ul patterns as a guide
tothe creation of TUIC models.

= Determine whether Ul patterns can be used by student Ul designersto gain nesy Ul knowledge.

Participants: Twerty-four third vear undergraduate studertzenrolledin a first HCT courze Mazzey University, NI,

during May year 2

Researchmethod: - Designstudy iteration 2

Part One

Copied Study One, Exercize One with improved teaching materialz — comparing results from the two iterations

Part Two

Trialz learning TUIC modeling from Ul-patterns

components of the Study Data collection
Introduction Exit Guestionnaire — section A
Demonstration

Fatterns Guestionnaire
Exit Gwuestionnaire — section B
Chzervation —images
Ul-pattern modeling Ul-pattern models assessment
Exit Guestionnaire — section C

zing diagrammed Ul-patterns

Demonstration
Obzeryation — images
TIOC mocdelling l-pattern models azsessment
Exit Questionnaire —zections B & D
TUIC test Test azzessment

Obzeryation — images

(-ommunication sid Exit Guestionnaire — zection E

Table 6.2 - Overview of Study Two
Initial analysis of the data from Exercise One is mostly descriptive as for a pre-
experiment, using a similar approach to that used in Study One. This analysis is to
check that the changes that implemented findings from Study One do not generate any
anomalies in student learning. Observational data, primarily photographic images, is
analysed using description, pattern matching and simple counting. The scores obtained

from assessing the resultant Ul-pattern models are presented using descriptive statistics.
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The students’ responses to the Patterns Questionnaire are presented using counts and
percentages. Only the results from Section C in the Exit Questionnaire are relevant to

this part of the study.

Table 6.2 provides an overview of Study Two showing the guiding aim and associated
objectives. It also identifies the data collection methods. Data collection is both
qualitative and quantitative. A quasi-experiment approach is used to compare the
results of the first exercises from both studies. A recognised flaw in the experimental
design is that more than one of the independent variables has been changed. Ideally,
Exercise One should have been repeated, making only one change per repeat. Because
the experiment can be run only once per year this is impracticable. A second flaw
common to many design studies that trace improvement in instructional artefacts over a
number of iterations (Cobb et al. 2003) is where the two groups being compared are

drawn from cohorts of students from successive years.

To compare the results similar analyses to those for Study One will be used. But in this
study three independent variables are of interest: the instructional approach, the pattern
form and the pattern language structure. The Ul-pattern models the students create
depend on all three, consequently results from multiple data sources are triangulated to

reduce threats to the validity of the conclusions (Kitchenham et al. 2002b).

The second part of Study Two is an exploratory trial or a post-test pre-experiment
(Adelman 1991) to discover whether students could learn new Ul knowledge from
working with patterns and to test the viability of the proposed method for TUIC
modelling. The protocol used is a modified version of that used for the first exercise.
The data collection methods are also similar but a TUIC test is applied as part of the
assessment of students’ knowledge of the TUIC modelling. No pre-test is used in this
pre-experiment because firstly, knowledge of the student body indicates that students
have no prior knowledge of TUIC modelling. Secondly, a pre-test would alert students
to the technique which may influence the degree of attention they give to the TUIC
model diagrams used in the patterns. Thirdly, there is not enough time in the tutorial
session to administer a pre-test. Analysis is through narrative description with the use

of descriptive statistics, counts and percentages where appropriate.

6.2.3 Study Three Overview
The research approach applied in this study is primarily a multiple case study where the

processes and artefacts are used so that each case replicates the other (Galliers 1992,
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Yin 1994, Mingers 2001, Flyvbjerg 2006). The approach used incorporates some
aspects of descriptive/interpretive research (Galliers 1992) as the cases are partly
analysed using description and due to the involvement of the researcher as a participant-
observer (Galliers 1992, Yin 1994) there is an inherent bias in the interpretations. It
takes the form of three ‘descriptive case studies’ (Galliers 1992, Yin 1994, Mingers
2001, Flyvbjerg 2006). The case studies explore the viability of TUIPL for designing
new Ul-conceptual models and whether TUIPL has potential for use in a professional
Ul design setting. It is not yet appropriate to evaluate TUIPL in the real world. The
current goal is to provide students with an ‘authentic’ Ul design experience (Jonassen
1999) not to develop a commercial Ul design methodology. Although case studies
normally investigate individuals, groups or populations of people in a natural setting the
unit of study in a case study can be many other things, such as an event, a program, a
time period or a critical incident (Patton 1980). The unit of study for these case studies
is the first two processes in the TUIPL framework (Figure 5.2).

The strategy used for identifying suitable cases is one of “maximum variation cases”
(Flyvbjerg 2006) where the three cases are selected so that they are different in at least
one dimension (e.g. Ul design experience). This strategy helps reduce the threat to the
validity of generalised conclusions. Generalised conclusions from case studies are
difficult as external validity can easily be compromised. Trochim (2006) identifies
three major threats to external validity: people, places and time. He suggests that to
overcome such threats, studies should be pursued in a variety of places, at different
times and with different people. Although, case studies are normally carried out in a
natural setting, where and when the exercises are completed in this research is not
relevant because the unit of study is the first two processes in TUIPL with the
associated models. The three case studies are carried out in the same meeting room but

the three developers have varying years and types of Ul development experience.

Each participant trialled TUIPL in an artificial setting, solving a simulated problem.
Therefore they are effectively role playing at being Ul designers. There is a participant-
observation (Gerring 2004, Kaplan & Duchon 1988, Yin 1994) component because the
researcher is both observing and teaching each participant about the new method and
providing help when requested. The participants have to learn the two modelling
methods and then apply them by building models for the new Ul. Data is collected
from multiple sources for each case study: by questionnaires, informal discussion and

scoring the resultant models.
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Research Aim: Explore whether the TUIPL framework wall provide students with an authentic Ul design experience.

Objectives:

= Determine whether Ul developers could leam and apply the first two phases of the TUIPL framewaork in the
development of a conceptual LI model for a newvy user interface.

= Determine Ul developers’ opinions of the vighbility of the first two phases of the TUIPL framewark in a
professional setting.

Participants: Three Ll developers

Research method: Case study

\ithin and between case analysis is used.

Multiple descriptive case study with the unit of study being the pattern-driven LI design method

Com ponents of the Study

Data collection

Intraduction

Exit Questionnaire — section A

Demonstration

Using diagramm ed Ul-patterns

Patterns CQuestionnaire
Exit Questionnaire — section B

Ul-pattern maodelling

Chservation —images
Ul-pattern models assessment
Exit Questionnaire — section C

Fallowsup

Cpen ended discussion

Demonstration

Chservation — images

TUIC maodelling TUIC madelzs assessment
Exit Questionnaire — section D
CAP test Test assessment

Opinion communication aid

Exit Questionnaire — section E

Cipinion aiding non-professional Ul design team members

Exit Questionnaire — section F

Followeup

Open ended discussion

Table 6.3 - Overview of Study Three
Data collection methods are similar to those used for Studies One and Two as shown in
Table 6.3. The main differences are first, that observations are by the researcher and do
not include a series of photographs. Secondly, a short follow-up discussion concludes
each of the two main modelling sessions to allow the participant to comment freely on
any aspect of the exercise and for the researcher to clarify any points of uncertainty.
The Case Studies are divided into three sessions and appropriate sections of the Exit

Questionnaire are administered at the end of each session.

6.3 Data Collection

To overcome some of the limitations of the research design, data was collected using

different methods, both quantitative and qualitative. Eight different types of data

collection technique are used over the course of the three studies (S1, S2 & S3):

1. Observational data (Benbasat et al. 1987, Yin 1994) using a sequence of digital
photographs taken at regular time intervals. (S1 & S2)

2. Observations (Patton 1990, Yin 1994) are made by the researcher throughout all
three of these studies. (S1, S2, & S3)

3. Model scores are used as a surrogate for success of the methods (Pfleeger 1994,
Kitchenham et al. 1994). Two types of model (Ul-pattern models and TUIC

models) are created by participants. These are scored using marks for a number of
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categories that check for appropriate usage and also for how closely participants’
models match the exemplar. (S1, S2, & S3)

4. Participants’ perceptions of the Ul-patterns and their use are elicited via the Patterns
Questionnaire (Pfleeger &Kitchenham 2002, Kitchenham & Pfleeger 2002a). The
data collected is in the form of a three point scale: ‘agree’, ‘undecided’ and
‘disagree’. (S1,S2, & S3)

5. Participants’ knowledge of CAP and navigation components used to create the

TUIC models are evaluated using a short test. (S2)

6. Open-ended questions (Ragan et al. 2004, Yin 1994) asking for participants’
perceptions and opinions on the methods and tools used in the modelling exercises

are used in most sections of the Exit Questionnaire. (S1, S2, & S3)

7. Close-ended questions (Pfleeger & Kitchenham 2002) requiring participants to
respond on a five point scale, from unhelpful to extremely helpful, are included in
the Exit Questionnaire (S1, S2, & S3)

8. Additional comments and opinions are elicited through informal discussion (Patton

1990) to confirm ad hoc observations by the researcher. (S3)

As far as possible data collection for Studies One and Two should be carried out
without disrupting the standard teaching tutorial environment.  Neither close
observation by the researcher nor videoing each pair of students as they completed the
modelling exercises is practical. Instead, digital photographs of the work surfaces (desk
tops) are taken at regular intervals. More details about data collection methods are
found in the appropriate chapters describing each of the studies and associated

appendices.

6.4 Ethical Considerations

For all studies the Massey University Ethics Approval process is followed. The results
from working through the screening questionnaire” indicate that none of the three
studies require full ethical approval. A “Low Risk Notification” has been lodged in the

university’s Low Risk Database for each of these studies.

An information sheet explaining the research accompanies the ethics form participants

are asked to complete for each of the studies (Appendix A4)

* http://humanethics.massey.ac.nz/massey/research/ethics/human-ethics/approval.cfm
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6.5 Research Participants
For Studies One and Two the participants are undergraduate students enrolled in the

third year introductory HCI paper at Massey University. All students in both classes
used for the studies agreed to participate. The experiments are embedded within the

normal tutorial program.

Study Three is a set of case studies investigating the TUIPL framework. The

participants represent user interface developers with a range of commercial experience.

6.6 Pattern-guided Ul Design

Chapter Five briefly examined the literature relevant to Engineering Education, Active

Learning, PBL and Constructivism. The requirements for developing suitable tools and
techniques to effectively scaffold student Ul designers in learning about using patterns
in Ul design have been proposed. These focus on the TUIPL framework. For teaching,
TUIPL uses the TUI pattern language. Chapter Five concluded with a set of

requirements for the initial version of TUI.

TUI
(Teaching LIl pattern
language)

Ul-pattern UI-Pattern
modelling Model _—m——} TUIC model
modelling

Existing I

Figure 6.3 - Building pattern-based models of an existing Ul
For Study One and Study Two students are introduced to using Ul patterns and pattern

languages by applying the modified pattern-driven Ul design method as shown in
Figure 6.3. As explained in Chapter Five, the original method was modified by

replacing the user requirements documentation with an existing user interface.

All three studies investigate different aspects of pattern-driven Ul design: how the
participants go about developing their models, the attributes of the models they create
and their thoughts about the method, tools and tasks. TUIC modelling is investigated in

Study Two and again in Study Three.

6.7 Experimental Artefacts
A similar set of artefacts is used for each of Studies One, Two and Three although often

in different versions. The artefacts are:

e The set of nineteen Ul patterns that link together into the pattern language TUI,
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e The Ul-pattern modelling exercise,

e The Patterns Questionnaire,

e The Exit Questionnaire,

e The TUIPL framework — Ul-pattern modelling method,

e The tutorial.

6.7.1 TUI Patterns
Three versions of TUI are used, each using a different pattern form. An example

version of the pattern language can be found in Appendix A8. In Study One, two
versions of TUI are compared, the narrative pattern form and the illustrated pattern form.

01- Marrative

02 - High-density Information
03 - State Infarmation

04 - Transaction by Form

05 - Control Panel

06 - Collection beside Content
07 - Master with Details

08 - Cascading Collections

09 - Groups with Titles

10 - Hierarchical Set

11 - Tabular Set

12 - Stack of Working Surfaces
13 - Choice from a Small Set
14 - Choice from a Large Set
15 - Convenient Environment Actions
16 - Pointer Shows Affordance
17 - Forgiving format

18 - Input Prompt

19 - Good Defaults

Table 6.4 - Names and numbering of patterns in TUI as used in Study One
The full set of nineteen patterns as named and numbered for Study One are listed in
Table 6.4.

NARRATIVE

ILLUSTRATED

8A - Cascading Collections

Initial Example

Eclipse showing the Java Browsing view:

projects>packages>types>members

Context

The content to be accessed is inherently

hierarchical and multi-layered ....

8B - Cascading Collections

Initial Example

* lava Browsing - Eclipse SDK
Bl £ Zonm Pechr havges Sexh Bopct B Wnooe Hep
- 0- Q- ¢ 5

Eclipse showing the Java Browsing view:
projects>packages>types>members

Context
The content to be accessed is inherently
hierarchical and multi-layered ...

Figure 6.4 - Sections of the two pattern forms used in Study One
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Figure 6.4 shows examples of two pattern forms. The ‘Initial Example’ section
illustrates the main difference. The narrative content of the matching patterns is the

same in both versions.

Front Back
8 - Cascading Collections Discussion
Context
The content to be accessed is inherently Examples:
hierarchical and multi-layered ...
Problem
How should ... locate?
Forces
Solution

Express a hierarchy by showin

Eclipse showing the Java Browsing view:
projects>packages>types>members

Cascading Collections

= selectable list e li

0 1
e
opi in
is
[ ] content to selection in
the lst list (N)

Reference
This pattern effectively ...

] collection beside Content

E Selectable list N|

or

Figure 6.5 - Sections of the diagrammed pattern form used in Studies Two and Three

For Studies Two and Three the diagrammed pattern form is used. These patterns, as
shown in Figure 6.5 include a TUIC model diagram identifying the essential elements of
the solution. Where appropriate alternative diagrams are provided; one diagram is
created using just generic symbols while the other uses active materials and may include
diagrams from an associated pattern. Based on the advice of an experienced HCI
educator only a subset of the CAP components and navigation components are
combined to form the TUIC symbol set which are used in these diagrams (Appendix
Al4).

Study Two Study Three
01 - Marrative 01 - Marrative
02 - High-density Information 02 - High-density Information
03— Current Properties 03 - Current Properties
04 - Information on Form 04 - Information on Form
05 - Control Panel 05 - Control Panel
06 - Collection beside Content 06 - Master with Details
07 - Master with Details 07 - Collection beside Content
08 - Cascading Collections 08 - Cascading Collections
09 - Groups with Titles 09 - Hierarchical Set
10 - Hierarchical Set 10 - Stack of Working Surfaces
11 - Tabular Set 11 - Choice from a Small Set
12 - Stack of Working Surfaces 12 - Choice from a Large Set
13 - Choice from a Small Set 13- Tabular Set
14 - Choice from a Large Set 14 - Convenient Environment Actions
15 - Convenient Environment Actions  [15- Pointer Shows Affordance
16 - Pointer Shows Affordance 16 - Groups with Titles
17 - Forgiving format 17 - Fargiving Text Entry
18 - Input Prompt 18 — Ask for Input
19 - Good Defaults 19 — Good Defaults

Table 6.5 - Names and numbering of patterns in TUI as used in Studies Two and Three
Table 6.5 lists the modified naming and numbering of the patterns used for Studies Two

and Three. Two patterns are renamed for Study Two but the numbering is retained so
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that comparisons between images are easier. The pattern numbering is reorganised for
Study Three so that the numbers better indicated the position of each pattern within the
structure of the pattern language. Changes have been italicised. Pattern content has

been updated to reflect changes.

6.7.2  The Modelling Exercises
Two types of model are developed by the participants. In Study One students create Ul-

patterns models. In Studies Two and Three, participants create a Ul-pattern model and
a TUIC model (Appendices A6 & A7).

6.7.2.1  Ul-pattern Model
The Ul-pattern-model was introduced in Section 4.2.1. It is a strongly hierarchical

graph linking the patterns that describe a user interface.

Publisher: Prentice Hall '
ISBN: 0132398648 ‘ 7 — Master Detail ‘
No Call Number Location ‘ 6 — Collection beside Content ‘ 15 — Convenient
Environment Actions
1. 004.21019 Hum Campus A 13 — Choice from 3. State
a Sma\ll Set Information
2. 004.21019 Hum Campus C o :

Figure 6.6 - Part of a Ul with a section of the corresponding Ul-pattern-model used for
Study Two

The selected patterns are equivalent to the sequence of ticked patterns on a list of
pattern names created using the Alexandrian method (Section 2.1.3). This sub-list of
patterns can be drawn as a graph, creating the Ul-pattern model. This is a hierarchical
diagram based on the context and reference links between the patterns. Figure 6.6
contains a section of a simple library catalogue Ul showing part of a simple master-
detail form with each copy of a book displayed in a table. A section of the
corresponding Ul-pattern model with pattern ‘07 Master with Details’ as the context for
pattern 06 Collection beside Content’, which in turn is the context for pattern ’13
Choice from a Small Set’. The lines represent either context or reference relationships
to other patterns and link the pattern nodes together. Although not shown in this
example, it is possible for links to go across the levels in the hierarchy or occasionally
traverse more than one level. A pattern node may have more than one link into it,

especially at the lower levels in the graph and duplicate pattern nodes may be used.
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6.7.2.2  TUIC model

The TUIC model diagrams associated with the solution part of a pattern can guide the

development of a TUIC model based on the associated Ul-pattern-model.

v
06 — Master Detail

| 07 — Collection beside Content

Environment Actions
v

14 — Convenient

i

11 — Choice from
a Small Set

™~

03 - Current
Properties

[N
~

’ ~ [}
’ .~ [}
\

Library Catalog System
[=] search results

E Information found abou
[Clitle
E Author
E Publisher

[~lisBN

#=| Copies of Book
[=]Each copy

E Copy number

Figure 6.7 - Part of a Ul-pattern model with a section of the corresponding TUIC model as
used in Studies Two and Three

Figure 6.7 shows a section of the library catalogue Ul-pattern model with part of the

corresponding TUIC model along side. The nesting evident in the TUIC model

corresponds to the levels in the Ul-pattern model graph.

G :'
s () ®
o i | Select |
16 ‘ 6 — Collection beside Content ‘ 15 — Convenient
Available I Select | Environment Actions
Aulon Il 13 — Choice from 3. State
B 5 a Sm’a{I Set Information
m/ded/yy) L’T 9 June 08 9 '

Figure 6.8 - Sections of the annotated Ul and Ul-pattern model.
For Exercise Two in Study Three, in addition to the Ul-pattern model the participants
were presented with an annotated version of the Ul (Figure 6.8). The annotations
indicate which patterns describe that section or component of the Ul. This is an

alternative way of representing the Ul-pattern model.

6.7.2.3 The Workbook
The material and example used to introduce Ul-pattern modelling and TUIC modelling

from Studies Two and Three are used as the basis for creating a self-teaching workbook.
The illustrations are similar to those used in PowerPoint slides for the introduction to

the tutorials for studies One and Two. The workbook is designed to introduce how to
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create the models for a new user interface based on a set of user requirements. The

complete workbook can be found in Appendix A5.

Associated with the workbook is a set of exercise artefacts. These include a set of
requirements for a new user interface for the first exercise, and a model Ul-pattern
model exemplar for the second exercise. The example is different to that used in the
tutorials for Studies One and Two so that it will be possible to use this exercise in a

subsequent class tutorial.

6.7.2.4 Exercise Instructions
Each exercise in Studies One, Two and Three has an associated instruction sheet which

includes the steps in the method to be used and a worksheet on which to draw the
resultant model. These can be found in Appendix A6. The instructions for Exercise
One in Study Three are accompanied by a set of Ul requirements. Studies One and Two
have an image of the Ul to be modelled. The instructions for Exercise Two are

accompanied by an exemplar Ul-pattern model.

6.7.3 The TUIC Test
The TUIC components test is administered after the TUIC modelling exercise in the

second part of Study Two only. This is a post-test to evaluate what the students have
learned about the basics of the TUIC notation and is limited to just the CAP symbols. It
contains only five questions with twelve evaluation points. The test contains three
multi-choice questions, one naming question and one matching question. The test can
be found in Appendix Al3.

6.7.4 The Patterns Questionnaire
The Patterns Questionnaire is administered after the Ul-pattern modelling exercise. The

questionnaire is based on the de facto industry-standard software usability questionnaire
SUMI: Software Usability Measurement Inventory (Kirakowski 1994). Amending an
existing survey instrument is preferable to starting from scratch (Kitchenham &
Pfleeger 2002a). The aim of the Patterns Questionnaire is to assess the use of the
patterns. The questionnaire’s statements have been adapted to suit Ul patterns and
cover issues such as: how the students feel about using the Ul patterns, the ease of

learning their content, helpfulness and ease of use.

The statements making up the different versions of the Patterns Questionnaire cover six

topics:
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e Building the Ul-pattern model (3 statements),

e Aiding discussion (2 statements),

e Pattern language structure (4 statements),

e Information content of patterns (6 statements, 1 additional for studies Two & Three),
e [lllustrations (3 statements for studies Two & Three),

e Pattern names (2 statements for studies Two & Three).

The Patterns Questionnaire used in Study One is modified for Studies Two and Three
(Appendix Al1l) to include additional statements taking into account the TUIC model
diagrams and adding statements covering pattern naming. Twenty-one statements are
common to Studies One, Two and Three. Another five statements are common to
Studies One and Two. These five statements are replaced in Study Three with
statements more appropriate to the design process being applied. Study One has four
additional statements and Studies Two and Three have six additional statements. Each
statement in the questionnaire requires students to indicate whether they agree, disagree

or are undecided.

6.7.5 The Exit Questionnaire
The Exit Questionnaire is administered at the end of each session for Studies One, Two

and Three. A copy of the different sections can be found in Appendix Al2. This
questionnaire gathers information on the respondents’ opinions and impressions of the
exercises they have completed. It also provides an opportunity for the participants to
suggest improvements. Most of the five sections include one question that requires
participants to rate the topic on a five point scale from unhelpful to extremely helpful.
This scale is reasonably balanced with the end points being opposites and the intervals
between being evenly distributed (Kitchenham & Pfleeger 2002a). No neutral option is

provided to ensure respondents express either a positive or a negative opinion.

Section A gathers background information about demographic, education and Ul
development experience.  Study Three is a series of case studies
investigating the development of a new Ul by professional developers
therefore the type of information required is different to that required from

the student participants of the preceding studies.
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Section B asks participants to consider pattern layout and content and is used for all
three Studies. Study Three is administered in two sessions. Two versions
of the questions are used: one after completing the Ul-pattern model and one
after completing the TUIC model. One question has been modified to refer

to each of the appropriate modelling methods.

Section C on Ul-pattern modelling and Section D on TUIC modelling are very similar.
Both versions include steps specific to the method used. The first group of
questions asks participants to suggest modifications and the second asks
about possible omissions. Then participants are asked for any other
suggestions for improving the method. The last question has two versions.
For Ul-pattern modelling, the question asks the participants to rate the
modelling technique. For the TUIC modelling, the question asks
participants to rate how useful patterns are in helping them learn about the
technique.

Section E is a short section which asks the student participants to report on the use of
patterns as an aid for helping them communicate with their partners. This
section is part of the questionnaires for Studies One and Two because the

students are working in pairs.

Section F is used only for Study Three and asks the participants’ opinions on aspects of
how Ul-pattern modelling might aid non-professional members of a design
team communicate their Ul needs and ideas to the rest of the team. Section
G is similar but the questions ask for opinions associated with TUIC

modelling.

6.8 Data Analysis

For each study the results from data collected using more than one technique are
triangulated (Wilson 2006, Benbasat et al. 1987, Yin 1994). Confirming results from
two or more sources reduces threats to validity but does not eliminate them. Sets of
data and analysis details can be found in Appendices A15, A16, A20 & A23.

Each of the data collection methods used in each of the studies has a set of objectives
relating to objectives of the associated study. They are introduced and discussed in the

appropriate sections reporting on the results of each study.
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6.8.1 Observation
The approach to analysing the observations for Studies One and Two is similar to a

multiple case study approach (Galliers & Land 1987) with each pair of students being a
mini case study. The data is collected by analysing the sequences of images of each
case study using explanatory narrative (Gerring 2004, Flyvbjerg 2006). When actions
such as pointing and focussing on specific items occurred often enough, the counts were
recorded. Sequences of actions are identified as they may establish whether the students
follow the proposed method. Time to complete building the different models is
established as improved time-to-complete a task can be used as surrogate indicator of an
improved or successful process (Lin & Landay 2008, Wania & Atwood 2009).

In studies One and Two observations by the researcher which appear to be relevant are
recorded when possible. These are used only as confirmation of other findings. In
Study Three no images will be taken and the researcher is in the role of a participant-
observer (Gerring 2004, Kaplan & Duchon 1988, Yin 1994).

6.8.2 Models
For Studies One and Two, the results from analysing the scores of the models are

indicative only because the validity maybe compromised by students submitting their
own version of each model although they are encouraged to consult with their partner.

Where there is enough variation in the scores the models are analysed individually.

Scoring criteria are defined in Appendix Al15. Four criteria (Appropriate patterns,
Potential patterns, Appropriate links and Potential links) are used to score the Ul-pattern
models. Four criteria are used to score the TUIC models (Appropriate TUIC symbols,
Potential TUIC models, Correct Nesting and Appropriate Labels). Scores are reported
using descriptive statistics (minimum, maximum, average and standard deviation) for

presenting results from Studies One and Two.

Student’s T-test is used where scores of the models need to be compared because it is a
robust test for analysing small sample sizes. In Study One scores for Ul-pattern models
created using the different pattern forms are compared. Also the scores from Exercise

One and Exercise Two are compared to determine whether learning has taken place.

It is difficult to design tasks that directly measure attributes of methods such as
goodness or effectiveness, but it is possible to use surrogate measures (Pfleeger 1994,
Kitchenham 1998). Model scores are used as a surrogate to indicate the successful

application of the associated modelling method. These results can be compared to those
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from self-reporting on the usefulness of the method and observations of student

involvement in the process.

In Study One the versions of TUI have a structure similar to that of other Ul pattern
languages (Section 5.4). The distribution of the different link types connecting the
patterns used to create the Ul-pattern models can be determined as can the distribution
of link types occurring in TUI (Figure 5.6). To investigating whether students pay
attention to the link structure of the pattern language the two distributions can be
compared using Chi-square. This comparison is indicative only, firstly because the
sample is small and secondly because the Ul-pattern models only employ a subset of
TUL.

6.8.3 The TUIC Test
The results from scoring the TUIC test are presented as simple descriptive statistics.

The results of this test are only indicative but they can be correlated with the scores
from the TUIC models to provide additional evidence as to whether the students

successfully learned about the TUIC modelling.

6.8.4 Patterns Questionnaire
For all studies, analysis of the data from the Patterns Questionnaires should help

ascertain participants’ opinions of their experience with using the different versions of
TUI. The data is coded and then ranked. The responses to each statement are coded as
‘-1’ for disagree, ‘0’ for undecided and “1’ for agree and totals calculated. For studies
One and Two the mean provides an overview of students’ perception of using patterns.
Simple counts and totals are used to represent sub-groups of questions associated with

different topics such as method or illustrations.

For Study One, before comparing students’ perceptions of using the different pattern
forms, totals are correlated to check whether students have answered independently

because students worked in pairs.

Because this questionnaire employs a three point scale Chi-square is used to compare
responses associated with each pattern form. The matrix contains pattern form and
responses. Both Likelihood Ratio and Pearson Chi-square values to two degrees of
freedom are calculated. When results are similar only Pearson Chi-squared is reported.

A similar approach is taken to test difference in response to each sub-group of questions.
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6.8.5 Exit Questionnaire
The exit questionnaire is mostly open ended questions which are reported descriptively.

For the questions that required a response on a five point scale from ‘very helpful’ to
‘unhelpful’ percentages are reported. Counts with an associated bar graph and some
percentages are sufficient to illustrate these responses.

6.9 Procedures Followed

Each of the Studies follows a similar process. For Studies One and Two the
experiments are part of an existing third year university HCI course. Students taking
part attend an introductory lecture prior to the tutorial. The time available for the
tutorial is nominally two hours. These tutorials are structured as problem based learning
(PBL) exercises although time constraints limit them.

As reported in Chapter Four, Merrill (2002) identifies five principles of PBL which
include the constructivist view of learning: the problem, the activation phase, the
demonstration phase, the application phase and the integration phase. Re-engineering
an existing Ul is a valid design problem regularly untaken by professional Ul designers

and therefore represents an authentic real-world problem.

The tutorials follow the four phases of effective PBL instruction. They are embedded in
an existing Ul course of study and are placed near the end of the program. Other than
the introduction of Ul patterns and TUIC modelling all the Ul theory and practice
knowledge contained in the patterns is effectively revising material already taught,
although packaged and presented differently. This ensures that the students build new

knowledge on a foundation of existing knowledge.

In the demonstration phase an example Ul-pattern model, or TUIC model as required, is
created. This demonstrates both the application of the TUIPL framework and the
process of building the model itself. During the application phase, students work with
their partner applying the appropriate modelling method for the Ul design phase to
complete their own Ul-pattern model or TUIC model. The exemplar model is available
for students to reference at anytime during the tutorial and the researcher is available to
scaffold student learning when help is requested. During the modelling activity each
pair of students are encouraged to discuss pattern content, selection choices and

collaborate on building their models.

Time constraints preclude any reporting back to the class by each pair of students but as

part of the research the students independently complete questionnaires that include
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open ended questions asking them to reflect on different aspects of the processes and
tools they use during the tutorial. The modelling methods the students apply are
flexible enough to allow them to develop their own forms of intermediate or transitional

representation.

All the studies begin with an introduction to the research activity which includes an
explanation of participants’ rights and a request for the participants to agree to take part.
Ethics approval forms are distributed and after completion are collected and placed in a
sealed envelope. The introduction includes a brief overview of Ul-patterns, reviewing
information covered in the earlier lecture. Building an exemplar Ul-pattern is
demonstrated and made available for reference throughout the exercise.  After
completing the Ul-pattern modelling exercise the participants complete a Patterns

Questionnaire.

The introduction to TUIC modelling also includes the demonstration of a worked
exemplar that is made available for examination throughout the prototyping exercise.
After completing the TUIC model, the CAP test is completed individually. At the end

of the tutorial session an appropriate version of the Exit Questionnaire is administered.

For Studies One and Two the models created by the students are copied and the
originals forwarded to teaching staff for assessment. The teaching staff for the HCI

course use independent assessment criteria to evaluate these models.

In teaching students architectural design, working with patterns was shown by Davis
(1986) to encourage students’ communication about the problem they are solving. He

says:

“Asking the students to define their design intentions in the form of such patterns

promotes discussion that helps lead to the needed consensus.” (ibid, p15)

Encouraging students to collaborate is especially important in the constructive learning
approach (Merrill 2002) and discussion between the students working towards a
common goal is central to the collaborative learning process. Therefore the students are
encouraged to work cooperatively in pairs, i.e. collaborating on their Ul design

modelling but with all assessment being individual (Prince 2004).

6.9.1 Preparation
For Studies One and Two, the room is re-organised before the tutorial to maximise

space between pairs of students. This is to limit communication between pairs and
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allows room for the photographer to move easily from pair to pair. The information
sheets and Ethics approval forms are laid out and pencil and erasers made available. A
message on the board asks students to select a partner (within their group for Study One)

and sit at one of the prepared places.
At the start of the tutorial the lecturer introduces the researcher then leaves the room.

All the artefacts are packaged so that they can be easily handed out. All the material for
each exercise is in the package even though this requires some degree of duplication.

All material is collected between exercises and the next package distributed.

6.9.2 Study One: Presentation Procedure
The educational aims of the Study One tutorial are to introduce students to Ul pattern

languages and help them:
e Become familiar with the organisation and content of Ul patterns,
e Acquire an understanding of the structure of a Ul pattern language,

e Create a user interface pattern-model (Ul-pattern-model) describing an existing user

interface.

Exercise One Exercise Two

Introduce \ Organise . Introduce Create Pattemns Create Pattemns Exit

research ™\ Partners * [Ul-pattern Ul-pattern Cuuestionnaire [T 7| Ukpattem Cluestionnaire Cluestionnaire
modelling modelling modelling

Figure 6.9 - Tutorial procedure for Study One

The procedure for the tutorial is shown in Figure 6.9. Before the tutorial the students
are allocated to one of two groups. Students chose a partner to work with from within
their allocated group. The exemplar in the introductory tutorial is for a small building
using the Alexandrian pattern language. The appropriate set of patterns, the example Ul,
exercise instructions and the exercise worksheets are distributed. The students work
with their partner to complete a Ul-pattern model representing the example Ul. After
completing and submitting their model the students complete a Patterns Questionnaire
and then have a short break before starting the second exercise.

The second exercise is similar to the first but for a different Ul example and using a
different set of patterns. After completing the Patterns Questionnaire associated with

this exercise, the students complete the Exit Questionnaire.
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6.9.3  Study Two: Presentation Procedure
The educational aims of the Study Two tutorial are to introduce students to Ul pattern

languages and help them:
e Become familiar with the organisation and content of Ul patterns,
e Acquire an understanding of the structure of a Ul pattern language,

o Create a user interface pattern model (Ul-pattern-model) describing an existing user

interface,

e Create a user interface conceptual model (TUIC model) described by the Ul-pattern

model.

Exercise One Exercise Two
Intraduce Organise llj]ltm?tlce U(llrea;tte Patterns || | Int[l_ujl%ce C_lr_ff;ée TuIC Exit
research Partners -patlem -patiem Questionnaire [[] . Test Questionnaire
madelling maodelling 7 modelling maodel 7

Figure 6.10 - Tutorial procedure for Study Two

Figure 6.10 shows the procedure for this tutorial. Exercise One in this study is similar
to Exercise One in Study One, but applies the modifications based on the findings from
Study One. Exercise Two takes a similar approach starting with an introduction to
TUIC modelling. After completing the test students complete a version of the Exit

Questionnaire that includes an additional section covering TUIC modelling.

6.9.4  Study Three: Case Study Procedure
This study does not involve students so there are no educational aims. The procedure is

similar to that of the previous two studies but rather than a lecture style introduction the

researcher does a one-to-one demonstration using the Ul exemplar and the workbook.

Session 1

Introduce
Research
& TUIPL

Session 2 Session 3
Introduce Create Exit Introduce Create Exi

Followup Hit Followup
Ul-pattern % Ul-pattermn B questionnaire [ Discussion|[ Tl Tuic 9{ TuIc Questionnaire [ 7] Discussion
rnodelling rodelling rnodelling maodel

Figure 6.11 - Case study procedure for Study Three

The study is split into three sessions with each participant as shown in Figure 6.11. The
introductory session is short and includes an explanation of the research, the ethics

approval process and the completion of the first section of the “Exit Questionnaire” to
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collect background information. The participant is introduced to the pattern set and

given a copy to study at their leisure.

Each of the two main sessions occurs between five to ten days apart. Session Two starts
with familiarisation with the Ul-pattern modelling method and the requirements of the
interface to be designed. Then the participant creates a Ul-pattern model matching the
requirements. On completion of the modelling exercise they complete the relevant
sections of the Exit Questionnaire. At the end of the session the researcher discusses
observed behaviours to clarify any interpretations and asks for any additional feedback

from the participant about the exercise and the artefacts.

In Session Three the participant is first introduced to TUIC modelling then re-acquaints
themselves with the Ul requirements and an exemplar Ul-pattern model for the new
user interface. They use this Ul-pattern model to guide the creation of the TUIC model.
On completion of the modelling exercise they fill out relevant versions of the
questionnaires. A final discussion clarifies observations and allows for any additional

comments from the participant.

6.10 Summary

As noted in Chapter Five, to be able to scaffold students’ learning the teacher needs to
understand which activities and representations will help the students understand the
problem and enable them to solve it (Jonassen 1999). This chapter identifies the Design
Study as the method providing the framework for this research. It is exploratory in
nature and multiple research methods are used: the quasi experiment, the pre-
experiment and the case study. Study One investigates two Ul pattern forms. Studies
One and Two aim to establish whether students, with the help of TUIPL, can develop
conceptual models of existing user interfaces in the form of Ul-pattern models and
TUIC models. Study Three aims to establish primarily that by following TUIPL
students are provided with an authentic experience and to check that the methods can be

used to develop Ul conceptual models for a new user interface.

Eight data collection methods are identified. Five of these are for use in all three studies.
Digital images taken at regular intervals are for use in Studies One and Two. The case
studies of Study Three include an informal discussion at the end of each session.
Multiple sources of data are required so that by triangulation potential conclusions can
be verified from more than one source (Benbasat et al. 1987, Yin 1994, Mingers 2001,
Kauloi 1998).
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The processes in TUIPL to be tested by Studies One and Two are identified. The
artefacts required to carry out the studies are introduced. The details of the different
versions of TUI are presented. They are referred to respectively as: the ‘narrative’,
‘illustrated” or ‘diagrammed’ versions. The content and layout of the pattern forms are
the same but the illustrated form includes an example that is associated with a snapshot
of an example screen. The diagrammed form includes an additional TUIC model
diagram illustrating the essential elements of the solution. Examples of the Ul-pattern
model and the TUIC model are presented and the relationships between these two

models established.

The details of two types of evaluation questionnaire and the TUIC test are described.
The Patterns Questionnaire is a combination of six different groups of statements. The
Exit Questionnaire is a combination of seven sections covering: background information,
Ul patterns, Ul-pattern models, TUIC models and the associated modelling methods,
communication and designing new Uls. The questions mostly consisted of open-ended

questions.

The processes for presenting the tutorials in Studies One and Two are described as is the
approach used for the case studies making up the third study. Details of each of the
three studies are presented in the following four chapters.
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Chapter 7. Study One - Developing Ul-pattern
Models

This first experiment investigates student reactions to using patterns to develop Ul-
pattern models applying the Ul-pattern modelling method from TUIPL and comparing
the use of two versions of TUI. It focuses on elucidating student experiences and views

in order to:

Explore the use of a user interface pattern language in the creation of Ul-pattern

models by student Ul developers.
The objectives for this study are to:

1. Determine whether Ul patterns are an acceptable medium for presenting Ul

information to students.

2. Investigate whether illustrated examples influence student understanding of patterns

and pattern languages.

3. Determine whether the Ul-pattern modelling method from TUIPL can successfully

guide students in creating a Ul-pattern model.

4. Discover whether building a Ul-pattern model develops student understanding of Ul

patterns and pattern language structure.

First the experimental design and student demographic data is presented, then the results
from each of the different data sets are described. These results are consolidated in the
discussion section and conclusions are reported with recommended improvements to

tutorial artefacts and the Ul-pattern modelling method to enhance student learning.

7.1 Research Protocol

Study One investigates primarily the second of the research questions and in part, the
third research question (Section 1.3). The Study compares students’ use of the first two
versions of TUI (Section 6.7.1). The students are introduced to Ul-pattern modelling
via TUIPL (Section 6.7.2.1).

Each data collection method (Section 6.3: observation, models, pattern questionnaires,
exit questionnaire) used in this study also has specific objectives related to each of the
three objectives of this study. These are introduced and discussed in the appropriate

sections.
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7.1.1 Experimental Design
A within-subjects design was used for this experiment. The subjects are undergraduate

students enrolled in an HCI course (Section 6.5). Before the tutorial the students were
paired, based on the results of a prior Ul exercise, then allocated randomly to either
Group A or Group B to ensure groups of similar ability.

Patterns| lllustrated Narrative
Exerciset A B
Exercise2 B A

Table 7.1 - Pattern of treatments of the two groups of students A & B

The research used two treatments as shown in Table 7.1. Each treatment used a
different pattern form: narrative and illustrated. Because both treatments are applied to
both groups of students, a different Ul example is used in each exercise. Using different
pattern forms and different Ul examples should minimise the carryover learning of
pattern content between exercises. Group A used the illustrated patterns for Exercise

One and the narrative patterns for Exercise Two, with the reverse for Group B.

To replicate a teaching situation, students chose a partner from within their assigned
group. Students worked with their partner and could ask the researcher questions about
patterns (although not about solutions). The three pairs of students in Group A are
referred to as Cases 1, 2 and 3. The four pairs of students in Group B are identified as
Cases 4,5,6and 7

Time constraints were a limiting factor in the tutorial so activities were selected to
maximise outcomes. No pre-test was administered because no student had any
experience with Ul-pattern modelling. The students were in the final week of a
semester-long HCI course. It was unlikely that results of a pre- and post-test design

would be useful because there was no additional information contained in the patterns.

The procedures and artefacts were trialled using two pilot studies reported in Appendix

A3. The data analysis methods were introduced and discussed in Section 6.8.

7.1.2  Activities and Artefacts
Exercise One Exercise Two
Introduce \ Organise N U}”U':tit'ce U(I:reitte Patterns || | U(I:reitte Patterns Exit
research "\ Partriers F |-patiem -patiem Questionnaire -pattern Questionnaire Questionnaire
modelling rnodelling modelling

Figure 7.1 - Tutorial procedure for Study One (Copy Figure 6.9)
Figure 6.9 provides an overview of the tutorial procedure used and the list of the tasks
for each of the exercises. The tutorial starts with students reading the information sheet
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about the research and completing ethics approval forms. These are collected by the
assistant so the researcher has no knowledge of who agreed to take part in the research.

The students were provided with an instruction sheet and an example Ul to model
(Appendix A6, Section A6.3). A worksheet was provided on which the resulting Ul-
pattern models were to be submitted (Appendix A7).

Ethics approval documentation:
" Information Sheet

" Consent Form

Foreach of the LI-pattern modelling exercise:
™ Avwersionof TUI

A LUl example
*
*
*

Instruction sheetoutlining the procedures

An answerwarksheetforthe Ul-pattern model
A Patterns Questiohnaire

IThe exit questionnaire

Table 7.2 - Artefacts the students used in Study One
Table 7.2 lists the artefacts the students used. The Patterns Questionnaire (Appendix
Al1) was administered after each exercise and was primarily concerned with collecting
student’s opinions of the patterns they had just used. The sections of the Exit

Questionnaire (Appendix Al12) these students completed included:
Section A to collect back ground information
Section B to collect data about the patterns

Section C to ask the students to reflect on the method followed to build the Ul-pattern

model

Section E to ask about communication with their partner

7.2 Overview of participants
All fourteen students enrolled in a first HCI course agreed to participate in this

experiment.

DEGREE PROGRAMME MUMBER
Bachelor of Arts

Bachelor of Business

Bachelor of Business Information Systems
Bachelor of Engineering

Bachelor of Information Systems
Bachelar of Science

L PO e | = =i =

Table 7.3 - Degree Programs students are completing.
Table 7.3 shows the wide range of degree programs the students are enrolled in.
Demographic data for students in each case study is not provided as the sample size is

too small and individuals may be identifiable from such a description. They ranged in
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age from twenty to thirty years. Only three were female. Only two students reported
some IT industry experience involving the development of user interfaces. Their self-
evaluation of proficiency in designing a new user interface ranged from experienced to
low. Three students qualified their response with a comment indicating that they were
average, based on experience gained during the HCI course. By coding their responses
on a scale of one to five, four students reported they are above average, four below

average and six considered themselves to be average.

7.3 Results from Exercises One and Two

The results of analysing the data are summarised in the following sections.

7.3.1 Observed Behaviours
The objectives for the observations were to:

1. Identify ways the students manipulate the artefacts.
2. Identify sections of the patterns that students focus on.

3. Ascertain whether the students are following the Ul-pattern modelling method.

e

Identify whether there are differences in how the students use the two pattern forms.

The details of the observations are described in seven case studies in Appendix Al7.

The observation criteria that guided the analysis of the images is in Appendix A10.

Cases
Transformation Model Mustrated Narrative
Hierarchy building 1,67
Listmarking 4,86 7
Fough copy 2.7 4.4

Table 7.4 - Students observed creating intermediate transformation models
Table 7.4 shows the three forms of transitional representation identified.  All were first
observed in Exercise One, and mostly when working with the narrative form of the

patterns. Some of the seven cases used more than one of these activities.

Three instances of building pattern
hierarchies by manipulating the narrative
form of the patterns into the required
structure were observed, for example as

shown in Figure 7.2. =
Figure 7.2 - Building a pattern hierarchy
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Four instances of marking the pattern list
were observed (Figure 7.3). Four cases of
creating a rough copy were also observed.
Two instances occurred when students

worked with the illustrated patterns and two

with the narrative form.
Figure 7.3 - Working directly on pattern list

Focus of pointing Count
Instructions 1
Ulcomponent g
Mames on pattern list 2
Fatterns 27

Table 7.5 — Pointing to artefacts counts
As can be seen in Table 7.5 most of the observed pointing behaviour included patterns,

as would be expected, because patterns were central to the Ul-pattern modelling

exercise.
Marrative | lllustrated Counts

Hame

Initial illustration 20% 2
Contextsection 6% 10% 2
Froblem section 6% 1
Solution section 18% 10% 4
Forces section 18% 3
Reference section 41% 40% 11
Discussion section 12% 20% 4
Examples

% of images 35% 24%

Table 7.6 - Percentages of pattern sections pointed partitioned by pattern form with total
counts

The breakdown of pattern pointing behaviour is shown in Table 7.6 Most pointing is
associated with the reference section indicating students predominantly followed the
top-down approach of the method.

ftems in Focus Narrative Mustrated | Counts
Il - list 2% 3% 2
Il - pattern 25% 53% 1
LIl- graph 2% 1
nraph- list A%, 2
draph - pattern 2% 3% 2
list- pattern T% 11% 7
pattern - pattern a7 % 2% ar
% ofimages analysed Q2% 0%

Table 7.7- Percentage of items in focus partitioned by pattern form with total counts
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Table 7.7 shows data describing items students were focussed on. The ratios of Ul-
with-pattern to pattern-with-pattern focus items (greyed lines) indicate that when using

the narrative patterns the students are more focussed on matching pattern content.

The analysis of behaviour in the image sequences indicates that most of the students

carried out the activities identified in the method in the prescribed order.

< <
< <

- - ) F - Lay patterns
A-Ul B - pattern | C —select D - select E - review > Y p > G - draw
examination [ ” | familiarisation| | patterns g pattems on " |pattern selection| outin Ul-pattern-model
recognised on Ul reference or context list] P hierarchy

Figure 7.4 - Apparent method used by students in Case 1 including hierarchy building
The students followed the method because the basic structure underlies all their
modifications (Figure 5.4). Most of the students elaborated the method by adding
additional activities (e.g. Figure 7.4). These included: creating an intermediate
transformation model using hierarchy building, marking the list, creating a rough copy

and reviewing models at some stage before submitting them.

Time taken to complete each exercise ranged from twenty-two minutes to thirty-five
minutes (Appendix Al6), but to complete the actual modelling activity the range was
from twenty-three to twenty-eight minutes. A closer examination of the image
sequences showed that when working with the illustrated patterns on Exercise One, all
students had completed copies of the Ul-pattern model within twenty-five minutes,
although one was a rough copy. For most of the cases (4, 6 & 7) working with the
narrative patterns it is clear that after twenty-five minutes had elapsed none of these
students were even at the stage of having a partially completed Ul-pattern model.

They were still struggling with the concept S
of creating a linked graph. The most -

graphic example is Case Four where after

twenty-eight minutes the students have a

graph with pattern nodes linked by many

edges and a large cross drawn through it [ |II

(Figure 7.5). At this point they requested ‘

help.
Figure 7.5 - Crossed out first attempt at Ul-
pattern model building

By comparison, Cases, Six and Seven at this time had partial graphs containing three

and two unlinked nodes respectively
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| Exercise 1 Exercise 2 Average
Mustrated 25 24 24
Marrative-only 32 23 28
Average 28 23

Table 7.8 — Comparing time taken in minutes to build a Ul-pattern model
Table 7.8 shows that students took on average twenty-eight minutes to complete the Ul-

pattern model in Exercise One and twenty-three minutes to complete it in Exercise Two.

>
«

D - select
ext pattern from >
reference list

A-pattern | Jf  B- Ul C - select

E - create F - review
familiarisation examination overall pattern

Ul-pattern-model pattern selection

A 4

Figure 7.6 - Apparent method used by students in case 3 concluding with a review activity
Some of the students were observed monitoring their progress by reviewing pattern
selections as they built their models, for example Case 3, as shown in Figure 7.6.

Reviewing behaviour occurred with both pattern forms.

When students asked for clarification on how to create a Ul-pattern model, referring to
the architectural model used in the introduction did not appear to be particularly helpful.
Many queries were associated with inconsistencies in the matching of reference and

context sections of related patterns.

Students were seen to move, compare, point to patterns and also to draw on other
artefacts as they built their Ul-pattern models. Only one pair of students did not create a
transformational representation. Most pattern sections were pointed to at some stage by
at least one student, but over forty percent of pointing behaviour was directed towards
the Reference section. The sequences of images associated with each case shows that

the students followed the essential steps in the method with some variation.

There are distinct differences in how the students use the two pattern forms. They
include the time to complete models in the first exercise, and the amount of pattern-to-
pattern and Ul-pattern pointing behaviour.

7.3.2 Ul-pattern Model Evaluation
The objectives for scoring these models are to:

1. ldentify whether there are differences between the models based on the pattern form

being used.

2. Ascertain whether students have developed an understanding of pattern language

structure.
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The marks for the models are in Appendix A16 and the marking scheme in Appendix
A15. Student’s T-test was used to determine whether the scores for the models created

by the students when working with the two pattern forms were different.

Appropriate patterns| Potential patterns || Appropriate links | Potential links
illustrated |narrative [jillustrated|narrativefillustrated lnarrative|illustrated|narrative
min T1% 13% 44% 33% a0% 43% 29% 43%
max| 100% 6% 6% Ta% Ta% 23% 43% 1%
average| 24% 67 % 82% a7% 8% B1% 38% 29%
std 13 18 f 18 13 18 7 14
p T<t| 0.07 0.53 0.75 0.01

Table 7.9 - Comparing marks out for the Ul-pattern models from Exercise One
partitioned by pattern form

Table 7.9 shows the summary statistics for Exercise One. When using the narrative
pattern form the students appear to have paid more attention to the link structure of the
pattern language. They identifying all potential links which was significantly better
(p=0.01) than when they used the illustrated pattern form. Success in following the
links when using the narrative form possibly explains the improved (but not significant)
performance in finding potential patterns when using the narrative patterns. The more
successful students used the reference and context sections to identify and confirm links.
Attention to these sections would also identify other candidate patterns for them to
consider. No significant differences between the four categories were found for

Exercise Two.

When using the illustrated patterns it is clear that the students were better at eliminating
inappropriate patterns because the percentage of appropriate patterns in their Ul-pattern
models were higher than those created when using the narrative patterns, although only

weakly significant (p=0.07).

Appropriate patterns [ Potential patterns Appropriate links Potential links
Exercisel1 | Exercise? |Exercise1|Exercise? ||[Exercise’1 |[Exercise? ([Exercise1 |Exercise?
min|  439% TT% 33% 45% 42% 13% 20% 7%
max| 100% 100% TE% 91% 23% Ta% 1% 0%
average  74% 54 % 5% 65% G0% a1% a0% 26%
St 18 11 14 15 16 24 16 12
p T 0.0o 0.08 0.25 0.00

Table 7.10 - Comparing Ul-pattern model marks from the two exercises
The scores for each exercise are shown in Table 7.10. The model for Exercise Two was
more complex. The students clearly did significantly better at identifying appropriate
patterns (p=0.00) and apparently better at identifying all potential patterns. If learning

took place during the exercises the expectation was that students would perform at least
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the same or better in Exercise Two, in particular improving their understanding of the

link structure connecting patterns. They clearly did not, and actually performed

significantly worse at identifying potential links (p=0.00).

Improved | Same | Worse
[dentifying appropriate patterns 12 2 ]
Finding all potential patterns 4 7 3
|dentifying appropriate links 4 3 7
Finding all potential links 2 2 10

Table 7.11 - Comparing individual student’s performance for Exercise One and Two
A second method for comparing the models was to examine differences between
individual student’s marks for models completed during the two exercises. Table 7.11
shows that fifty percent of the students improved or performed approximately the same
in adding appropriate links to their models. But, seventy-one percent were worse at
finding all the potential links during Exercise Two. It does not appear that students

improved their understanding of pattern language structure during Exercise Two.

Category matched | context | reference
FPattern map forTU 41% 32% 27%
Combinedvalidlinks in students’ models 52% 25% 23%

Table 7.12 - Percentages in link categories for the TUI pattern map and
student’s models

Table 7.12 shows the different categories of link making up the pattern map (Figure 5.6)
compared to those depicted in the students Ul-pattern models. This indicates that the
students were following the link information in both the reference and context sections.
A Chi square result of 4.976 with a p-value of 0.083 at 2 degrees of freedom is weak
support for the null hypothesis that the link category percentages of students’ models do
not differ significantly from those in the TUI pattern map.

For Exercise One there is a clear difference in the models the students created using the
different pattern forms. The models created using the narrative version of TUI
contained a higher proportion of the potential links and had fewer inappropriate patterns.
There is a distinct difference in the marks and the composition of the models created in
the two exercises indicating that students were becoming more familiar with the

structure of the pattern language.

7.3.3 Patterns Questionnaire Results
The objectives for the patterns questionnaire are to:

1. Ascertain whether the students considered patterns helpful.
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2. Identify whether the students’ responses indicate differences in their perceptions of

the two pattern forms.
3. Determine students’ views about building the Ul-pattern model.
4. Indicate whether patterns aided students’ discussion about Ul concepts.
5. ldentify whether students developed an understanding of pattern language structure.

6. Determine students’ opinions of the accessibility of the information contained in a

pattern.

The Patterns Questionnaire is found in Appendix A1l and the data in Appendix Al6,
Section A16.3. The responses to each statement have been re coded as ‘-1’ for disagree,
‘0’ for undecided and ‘1’ for agree. The totals are calculated to provide a ranking for

each statement.

Pattern Questionaire Results

0.80

0.60

040 Mean=10.23

—
0.20

0.00 -

020 3 5 S5 5-23 511 5-10 5-ZZ 513 5-25 5-28 504 5-1% 508 517 5-20 5-I4 518 5-14 S5-It 5-30 501 515 502 507 52T 50

Averaged Scores

-0.40 +

-0.60

-0.80
Statements

Figure 7.7 - Rank-order graph of the responses to each statement
Figure 7.7 shows the statements ranked from negative to positive. This graph indicates
that the students’ overall opinions of patterns are positive with an average of 0.23.

When explicitly asked their opinion on $-02-Patterns helpful
whether patterns were helpful the ] o

students responded very positively ggz

(Figure 7.8) confirming the overall "y ﬁ
ranking of all the statements (Figure ool pR— d'%'
7.7).

Figure 7.8 - Responses to the statement asking
if patterns were helpful
Students’ perception of patterns and Ul-pattern model building improved between

completing Exercise One and Exercise Two.
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Comparing Exercises

(22}
=]

Ex2
Ex1 Ex2 . B
agree 35.44 50 gay & B2
undecided 40.38 34.62 g % Ex1
disagree 24.18 15.38 5 20 Ex2
. 10 A
0
agree undecided disagree

Figure 7.9 - Percentage of counts comparing responses partitioned by exercise
Their responses are shown in Figure 7.9. Accepting the null hypothesis that the
students’ responses would be similar for both exercises is highly unlikely with a Chi-

square result of 18.742 with a p-value of 0.000 at 2 degrees of freedom.

One statement asking how straight-

S-14 - Straight forward method

forward the method is (Figure 7.10), o

illustrates  this  improvement in o] = "

perception. This indicates that patterns EE 3

are a suitable technique for presenting oo £ B
user interface knowledge to students and o -

agree undecided disagree

provides further support for the first

Figure 7.10 - Comparing responses to
statement S-14 partitioned by exercise

objective that patterns are helpful.
Comparing responses for the two versions of TUI shows that there is a significant
difference in the students’ responses to using the different versions of TUL. The null
hypothesis that the students’ responses would be similar for both pattern forms is

unlikely with a Chi-square result of 8.611 with a p-value of 0.013 at 2 degrees of

freedom.
Comparing pattern types
60 E
50 E % 3 %
lllustrated [Narrative o 5 £ s
agree 47.8 37.64 E = %
undecided  |35.44 39.56 £ ¥ g 8
disagree 16.76 22.8 8 20 2
10
04
agree undecided disagree

Figure 7.11 - Percentage of counts comparing responses partitioned by pattern forms

The graph and data in Figure 7.11 shows students’ preference for the illustrated pattern

form.
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This preference for illustrations appears to

have influenced students’ judgement about

the organisation of the information in the

patterns. Although the narrative elements

of the two versions of TUI were identical,

Figure 7.12 shows they that perceived it to

be different.

Students’ opinions were sought on model building, pattern language structure, their
discussions and information in the patterns, by four subgroups of statements

corresponding to the last four objectives.

Table 7.13 - Ranking totals of statements related to building the Ul-pattern model
Model building: As shown in Table 7.13, although many students considered the
exercises to be relatively straightforward most students were undecided about

70

S-21 - Logical organisation

60 1

50 4

40

30

20 A

104

lllustfated

Narrative

agree

lllustrated

Narrative

undecided

Narrative

¢ | lllustrated

o
"
5}

Q
@
@®

Topics S-num | total
Straightforward method 5-14 12
Method easy to follow 5-28 3
Mumber of steps OK 5-23 ]

combined n=28

whether model building was easy.

Ex1 Ex2
agree 17.86 32.14
undecided 26.79 41.07
disagree 55.36 26.79

Figure 7.13 — Percentage of counts comparing responses to language structure statements

Pattern language structure: The evidence indicates that student’s perceptions about
using the language structure were not positive. The null hypothesis that responses
to the pattern language structure statements after each exercise were similar is
unlikely with a Chi-square result of 9.698 with a p-value of 0.008 at 2 degrees of

freedom. But the detail of these responses (Figure 7.13) indicates that overall they

Figure 7.12 - Comparing responses to
statement S-21 partitioned by pattern form

% of counts

Pattern Language Structure

Ex1

Ex2

Ex2

Ex1

agree

undecided

disagree

partitioned by exercise

were still not confident in using the structure of the pattern language.
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Discussion: The graph in Figure 7.14

Discussion statements

shows that students clearly agreed s
that patterns aided their discussion o
of both Ul concepts and the exercise e
problems they were completing. o

0%

agree undecided disagree

They also helped them focus their

thinking. Figure 7.14 - Student responses to discussion
statements.
Topic S-num | totals
Sufficientinformation 5-049 20
Fatterns informative S-07 18
Clearinfarmation S-01 17
Logical organisation 5-21 12
Fatterns easyto understand 5-148 10
Contenteasyto remember 5-25 3

combined n=28
Table 7.14 - Ranking totals of statements related to information in patterns

Information content of patterns: The students considered the information within the
patterns to be informative and accessible as shown by responses to the statements
in Table 7.14. This supports the earlier finding that students considered patterns
to be helpful.

7.3.4 Exit Questionnaire Results
The objectives of this questionnaire were to:

1. Determine whether the students have a preference for patterns that include

illustrative images versus the narrative versions.
2. ldentify those parts of patterns that students considered useful.

3. Investigate whether the Ul-pattern modelling method from TUIPL for introducing
Ul patterns was successful.

4. ldentify potential changes for improving the method.

5. Investigate whether a pattern language could provide useful guidance during Ul

design.

The Exit Questionnaire is found in Appendix A12 and the numeric data in Appendix 16,
Section A16.4 and the comments in Appendix A18.

The students had a definite preference for the illustrated pattern form. Seventy-one

percent responded positively to the relevant question. Several provided thoughtful
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observations about the potential problems when students place excessive reliance on
illustrations. One said “Lead to reliance on them — used them to understand the pattern

not the information explaining them”.

Section Maost UsefullLeast Useful
MHame 1
Initialillustration 3] 1
Context section G
Prahlem sectiaon 2 2
Solution section 4 1
Forces section 1
Feference section 7
Discussion section 3]
Examples

n=12 n=10

Table 7.15 — Sections making up a pattern
Table 7.15 shows the results of asking the students about the most and least useful

sections of a pattern. The exercise of creating a Ul-pattern model clearly influenced
students’ selections as reflected in the high scores for the usefulness of the context and
reference sections. A student who identified the solution as the most useful section
commented that “It displayed the correct solution which could be visualised to help me
figure out if that same solution could be applied to exercise we were given”. This
student was considering the design of the example Ul rather than just creating the Ul-

pattern-model.

Ul-pattern modelling method

7
Method Count 6
ery helpful B W s
Feasonabhk helpful 2 i,
Helpful 3 2 ;
Motvery helpful 0 £
nhelpful 0 ? I
n=14 1

Veryhelpful Reasonably Helpful Mot very Unhelpful
helpful helpful

Figure 7.15 — Views of using the Ul-pattern modelling method had on understanding
patterns

Students responded positively when asked whether the Ul-pattern modelling method
was helpful (Figure 7.15). All students provided comments to support their ranking.
For example one said “It gave me an understanding of the fundamentals of patterns by
actively participating in the construction of a pattern hierarchy.” Students have
suggested useful changes to consider for integration into the method for Study Two.

These are to reword Step E (Figure 5.4), to include a further step asking students to
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record assumptions, and to modify the list of pattern names to indicate the relationships
linking the patterns in the collection.

Design aid

@

Design aid Count
ery helpful 2
Reasonabby helpful

Helpful
Motvery helpful
nhelpful )
n=14 J H

Veryhelpful Reasonahbly Helpful Notvery Unhelpful
helpful helpful

== m| =
Mum Student
- 5] i = i

Figure 7.16 - Projected views on usefulness of patterns to aid Ul design
Students considered that creating a Ul-pattern model of a user interface would have a
positive influence on their performance if they were designing a new user interface
(Figure 7.16). They did identify potential problems with one student commenting
“Incomplete set of patterns could hinder design”. Two students also identified

constraints, saying “can be restricting at times” and “less room for innovation”

Communication aid

@l

ICommunication aid Count
ery helpful 2 P
Feasonabhk helpful 6 3,
Helpful 4 z 5
Maotvery helpful 2 § ,
Lnhelpful 1] _
=14 ! J l
Veryhelpful Reasonably Helpful Not very Unhelpful
helpful helpful

Figure 7.17 — Perceived influence using patterns had on aiding communications
Most students found that using patterns aided communication with their partner (Figure
7.17). One said “We could compare patterns and argue for or against each one” which
is exactly one kind of communication behaviour a teacher tries to engender. Other
comments identified the advantage of having “a set of standard ways of talking” or
“without them we would have lacked terminology to discuss the Ul features we were

looking at”.

7.4 Discussion

Four main methods of data collection have been used to acquire information in this
study. Triangulation is achieved by confirming results from two or more forms of data.

Multiple sources of evidence add support to any conclusions (Benbasat et al. 1987).
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The goal for this experiment will have been addressed if the three objectives can be met
within the limitations of the experiment. In the following sections the evidence from
each set of results will be bought together to determine whether those objectives have

been met.

7.4.1 Determine whether Ul patterns are an acceptable
medium for presenting Ul information to students
It is important that the techniques used in teaching aid student learning by encouraging

students to think about what they are studying and help them discuss their ideas with
their peers (Bonwell & Eison 1991). For patterns to be an acceptable medium for
presenting Ul information to students not only should the students perceive patterns as
being acceptable and useful, but also using patterns should encourage students to
participate actively in the assigned activities, to think about and constructively discuss
course content. As well the students should be able to use them to complete relevant
tasks successfully.

Other researchers (Dearden et al. 2002a, b, Finlay et al. 2002, Chung et al. 2004,
Segerstahl & Jokela 2006, Saponas et al. 2006, Lin & Landay 2008, Koukouletsos et al.
2009) indicate that users from a variety of different backgrounds found Ul patterns to be
helpful. The combined results of the responses to the patterns questionnaires indicated
that the student participants in this research are no exception. Students were positive
about their experiences using patterns (Figure 7.8). The students agreed that the
information presented in patterns was clear, informative and easy to understand
although not very easy to remember (Table 7.13) Patterns enhanced and focussed
student discussion of the Ul modelling task, indicating that not only were the students
positive about using patterns but that using them encouraged discussion about user
interface knowledge (Figure 7.14). This implies enhancement of learning (Savery &
Duffy 2001). That patterns aided their discussion was confirmed by the results of the
question in the Exit Questionnaire asking students to rank patterns as an aid to
communication. Twelve of the fourteen of the students ranked Ul patterns as ‘very
helpful’, ‘reasonably helpful” or *helpful’ (Figure 7.17). Students’ comments also
confirmed this positive ranking.

When asked to consider patterns as an aid to Ul design, eighty-six percent of the
students considered patterns would be ‘very helpful’, ‘reasonably helpful’ or ‘helpful’

(Figure 7.16). The potential problems students identified in their comments were
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similar to those identified in the literature (Dearden et al. 2002a, b, Chung et al. 2004,
Segerstahl & Jokela 2006). This indicates that patterns encouraged them to think and
reflect on what they were doing. This is supported by students’ remarks that patterns

helped them focus on the task at hand.

The researcher observed that throughout the tutorial students remained on task and were
fully engaged in the process of developing the Ul-patterns models indicating active
learning is taking place (Prince 2004). This confirmed students’ opinions that patterns
are an acceptable technique for presenting Ul information. A consistent level of
discussion occurred throughout the modelling exercises and all discussion overheard
covered topics relevant to the tutorial tasks. The images of students pointing to
different artefacts and sections within patterns (Table 7.6) along with the movement of
artefacts into focus (Table 7.7) throughout the modelling exercise support the
researcher’s observations that students were fully engaged and on-task during the

tutorial.

For patterns to be an acceptable medium for students to use as a learning tool the
students should be able to use them to complete Ul-oriented activities to an acceptable
standard (Kolfschoten et al. 2010). In the tutorial, the activity was to create Ul-pattern
models of reasonable quality for a given user interface and all students succeeded, in

both exercises.

7.4.2 Investigate whether illustrated examples influence
students’ understanding of patterns and pattern
languages

Two pattern forms were used to present the information to the students to assess

whether the presence or absence of illustrations influenced students use and perception
of the information contained in patterns. If pattern form is significant then students
should perceive differences in content, layout and organisation of the information. The
students were asked to express a preference for either the illustrated or narrative pattern

form.

Published results (Dearden et al. 2002a, b, Finlay et al. 2002, Chung et al. 2004, Sharp
et al. 2003) indicate that students were likely to place heavy emphasis on the use of
illustrations when using the illustrated pattern form. The frequency of pointing
behaviour did not seem to support this finding (Table 7.6). For example, there were no

instances of pointing to the illustrated examples at the end of patterns.
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Results from the analysis of the items in focus did support the literature (Table 7.7).
When using illustrated patterns students are more focussed on matching patterns with
the UI, implying that they use a pattern’s illustrations to guide decisions rather than
pattern content. Matching illustrations to the target Ul is an obvious technique for
selecting patterns and reviewing decisions. The slightly higher count for list-pattern
pairing may be explained by the list marking behaviour (Figure 7.3). Clearly students
use illustrations when they are available. The pattern questionnaires indicate that
students viewed the illustrated patterns more positively than narrative patterns (Figure
7.11).

The students considered that the information was better organised in the illustrated
patterns, although except for the illustrations, the pattern layouts were identical. This
anomaly reinforces the importance students place on illustrations. They also perceived
the illustrated patterns to be more informative and easier to understand which supports
the view that the illustrative examples are representational pictures (Carney & Levin
2002). When responding to the Exit Questionnaire seventy-one percent of the students
indicated that they preferred the illustrated patterns. They considered that the
illustrations helped them visualise the meaning of the solutions within a pattern’s

context.

Comments associated with the question in the Exit Questionnaire about the method for
creating the Ul-pattern model indicate that the students considered the information in
the patterns had improved their understanding of user interface development theory and
practice. For one student it helped to make sense of the course work studied all
semester. Responses to the set of statements asking about the information presented in
the patterns were strongly in favour of the patterns, supporting the responses to

statements in the Patterns Questionnaire.

Section Most Useful | Pointing

Marme

Initial illustration 19% 7%
Context section 19% 7%
Problerm section G % 4%
Solution section 13% 16%
Forces section 3% 11%
Reference section 22% 41%
Discussion section 15%
Examples 19%

Table 7.16 - Comparing pointing behaviour and students’ view of pattern sections
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Table 7.16 compares observed pointing behaviour (Table 7.5) with students’ views of
usefulness of different parts of the patterns (Table 7.15). Pointing behaviour shows
students interacted mostly with the reference section in both forms of pattern. When
asked in the Exit Questionnaire to identify the sections of a pattern they considered the
most useful, students identified four sections: initial illustration, context, reference and
examples. Although students had a strong preference for using illustrations they
recognised the context and reference sections were important because these sections
contain the information necessary for linking the patterns into a Ul-pattern model.
While infrequent pointing interaction with the illustrations was observed, the students’
views expressed in the Exit Questionnaire indicate that the illustrated pattern form was
perceived as useful. Comments indicated that students thought the illustrations
“facilitated understanding”. Selecting the discussion section as the least useful, along
with comments by students that there was “insufficient time” and “too much” to read,
confirmed the findings of other researchers (Wesson & Cowley 2003, Chung et al. 2004,
Segerstahl & Jokela 2006).

Observations of students’ behaviour when working with the two versions of TUI show
that there are small but noticeable differences in the way students used the patterns.
Students successfully compared patterns (Table 7.7) and interacted with different
sections within the patterns (Table 7.6). More pointing behaviour was observed when

students worked with the narrative patterns.

When students worked with patterns for the first time, on Exercise One, there is a clear
difference in the time taken to complete model building depending on the pattern form
used Table 7.8). For the illustrated patterns students averaged twenty-five minutes to
build a reasonably complete Ul-pattern model, while those using the narrative form
averaged thirty-two minutes. Students working with the narrative patterns spent longer
becoming familiar with the patterns and most of these students had not begun drawing a
model by the time the students using the illustrated patterns had completed their models.
Students using the illustrated patterns did not appear to take time to consider pattern
content, and probably over emphasised the illustrations. This is confirmed by
comments in the Exit Questionnaire by the twenty-nine percent of students who
preferred the narrative patterns (Section 7.3.4). All these students previously used the
illustrated patterns in Exercise One. They commented that they had not read the
information sufficiently carefully, placing excessive reliance on the illustration to

understanding a pattern. These students raised issues similar to potential problems
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identified by other researchers when novice designers use illustrated Ul patterns
(Dearden et al. 2002a, 2002b).

The difference in time taken to complete the two exercises indicates that by Exercise
Two students were more confident using patterns and with Ul-pattern modelling.
Although Exercise Two was more difficult students completed it faster. When working
with the illustrated patterns students had completed modelling on average four minutes
faster than when working with the narrative patterns. This indicates they had probably
developed a reasonable understanding of the pattern structure, content and the Ul-

pattern modelling method.

The scores the Ul-pattern models achieved suggest that students performed better at
selecting suitable patterns for modelling a user interface when using the illustrated
patterns. However they performed better at identifying potential links when using the
narrative patterns (Table 7.10). Comparing the scores for individual students shows a
similar picture with more students performing better at selecting appropriate patterns
when using the illustrated patterns but performing better at finding potential links when

using the narrative patterns (Table 7.11)

These results support the observations that when using the illustrated patterns many
more instances of the Ul-to-pattern comparisons were recorded (Table 7.7). The images
show that most of the time it was the illustrations that the students were focussing on

even though images did not capture them physically pointing to the patterns.

Support for the improved identification of links when using the narrative pattern form is
less obvious. Firstly, the frequency of observed pointing behaviour was the same for
the reference section regardless of pattern form. Pointing behaviour shows students
interacted with all the sections other than the lists of examples when working with the
narrative patterns (Table 7.6). This indicates that these students paid more attention to
content, explaining why they developed a better understanding of links. Comments in
the Exit Questionnaire indicate that some students recognised this behaviour.

When the methods used by the students are compared those students who completed
Exercise One with the narrative patterns all used the technique where they marked the

patterns they selected on the list of patterns.
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CASES
lustrated | Marrative-only
Higrarchy building b, 7
Exercise List marking 4 56,7
One Fough copy 2 4,5
Rewiewing 2,3 a
Higrarchy building 1
Exercige List marking
] Rough copy 7
Hewviewing 4

Table 7.17 — Pattern form in use when students added a technique into the method
Table 7.17 summarises when students were observed to first use a technique in the Ul-
pattern modelling process. Most of the students who initiated hierarchy building were
working with the narrative patterns in Exercise One. Only the students in Case One
initiated hierarchy building while working with the narrative patterns in Exercise Two.
Students in Case Six used the technique again with the illustrated patterns. List marking
was also initiated by students using the narrative patterns in Exercise One. Case Seven
probably copied the technique but the researcher’s observations that indicated that there
was no copying by any other students. No other instances of communication between
adjacent pairs were seen, and the work area of each pair of students had at least one row
of desks separating them. These observed behaviours of creating an intermediate
representation that is different from the final model are a form of Constructionism

(Jonassen et al. 1996), and may have helped the students to recognise potential links.

There are consistent differences in the way the students worked with the narrative

pattern form compared to working with the illustrative form are:

1. Transformational representation: The students who used the narrative patterns
during Exercise One developed both the hierarchy building and list marking

behaviours.

2. Items in focus: Picture-to-picture predominated in the narrative pattern informed
modelling while Ul-to-picture predominated in the illustrated pattern informed

modelling.

3. Time to complete a reasonable Ul-pattern model: Students working with the
narrative patterns took considerably longer to complete Ul-pattern models. This

time difference was more marked in Exercise One than in Exercise Two.

4. Ul-pattern Model: Students working with the narrative pattern form found
significantly more of the potential links and those working with the illustrated form

used fewer inappropriate patterns.
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7.4.3 Determine whether the Ul-pattern modelling method
from TUIPL can successfully guide students in
creating a Ul-pattern model

For the method to have been successful, the students need to have followed it as they

created their Ul-pattern models. The processes students use can also indicate the quality
of the learning taking place. The overall scores for the students’ Ul-pattern models
range from thirty-six percent to eight-three percent with an average of fifty-nine percent,
(Table 7.10). These results show that students could use the method to create a Ul-
pattern model but they were not particularly proficient. The marks for the four
individual counts used to score the models indicate that students were reasonably
successful in building models that were fundamentally correct with regards to the
patterns they selected and used (Table 7.11). One explanation for the improvement in
pattern selection between Exercise One and Exercise Two is that students have learnt
sufficient about patterns to act more confidently when completing Exercise Two even

though the exercise was more difficult.

Observations show that the process the students followed contained minor modifications
of the given method, but there was no significant diversion from it (Appendix A19).
The techniques of marking the pattern list and hierarchy building were developed when

students initially used the narrative patterns (Table 7.17).

The other two techniques students initiated, creating a rough copy and reviewing, did
not appear to be related to the pattern form students were using. Self-monitoring by
reviewing selected patterns occurred more often when students worked with the
illustrated pattern form, possibly because they completed their Ul-pattern models faster.
Reviewing completed work is part of the process of reflection, which is important

activity promoting learning. Wood (2001) says:

“reflective activity plays an important role in learning and understanding” (ibid,
p289)

These Ul-pattern models contained more appropriate patterns than those built when
working with the narrative form. But, it is assumed that the illustrative examples
dominated students’ thoughts because this process did not result in better linked Ul-
pattern models.



Chapter 7: Study One - Developing Ul-pattern Models 169

- -
% -+

D -link pettern E— check reference F'.ChBCk contexd G—reviewy draft
C- select ; 5 ) " .| listztocheck .
overall pattern intathe draft # listto flnd_pattern_s % patterne building » and build
Ul-pttern madel that describe details tavwardsthe oot Ul-pattern model

E- examine Ul

| A- pattern familiarisation |

Figure 7.18 — Generalised method combining steps based on students’ activities
Figure 7.18 shows a revised Ul-pattern modelling method that is a summation of the
students’ adaptations. It includes two new activities: creating a draft Ul-pattern model
(Step D) and reviewing, results (Step G). Repetition of tasks in the original proposal is
represented with backward pointing arrows. Comparison of the students’ Ul-pattern
models and the links they used, with the TUI pattern map indicates that students made
use of both reference and context links. Therefore activities for both have been
included (E and F) so that the method covers both top-down and bottom-up approaches

to model construction.

The method shown in Figure 7.18 is not recommended for use with students when first
introducing them to Ul patterns because it is relatively complex and is possibly too
prescriptive. Encouraging students to develop their own interpretations of a method can

improve their learning experience (Jonassen 1999).

i
o

0 -link pattern E- zelect :
A - pattern 8- G- zelect = . | F-review
farmiliarization examination overall pattern intothe pext pattern f.mm 7| Ul-pattern-maocdel
Ul-pattern model reference list

otep A Become familiar with the subset of Ul patterns.

otep B. Examine the user interface.

otep C. Select a pattern fram the first three patterns in the subset (1, 2 ar 3)
that best describes the averall nature of the type of data ar
information the user interface (L) deals with.

otep 00 Link each selected pattern into the Ul-pattern model by connecting it
with lines showing how it relates to other patterns. When
appropriate add a label to the line to match the interaction spaces
identified on the Ul

Step E. From the list of patterns that a pattern references, select those that
best describe some other feature of the Ul Repeat Steps D and E
until no more patterns can be selected.

otep F. Use the context and reference sections of your patterns to check for
missing links or patterns.

Figure 7.19 — Recommended Ul-pattern modelling method for introducing students to
using Ul patterns
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A simplified version of the Ul-pattern modelling method that does not include draft
copies and defines only the top-down approach is shown in Figure 7.19. This method

should still encourage students to create intermediate or transitional representations.

Responses to three statements in the Patterns Questionnaires related to building the Ul-
pattern model (Table 7.13) indicate that following the method was a straight-forward
process but most students were undecided about the number of steps in the method and
whether model building was easy. The responses to the Exit Questionnaire are
consistent with these responses. When asked whether the method helped their
understanding of the patterns responses were positive. Most students considered the
method helpful (Figure 7.15). Comments indicate that with students considering that
building the Ul-pattern model improved their understanding of patterns and also helped
them link Ul theory with practical Ul design. Suggested changes to the method were
mostly concerned with combining some of the steps or rewording them to make the
intent clearer. These results support the researcher’s observations that the students had

no problems following the method when building their Ul-pattern models.

7.4.4 Discover whether building a Ul-pattern model develops
student understanding of Ul patterns and pattern
language structure

The literature identifies that students initially have difficulty understanding the pattern

language structure (Dearden et al. 2002a, b, Finlay et al. 2002, Wesson & Cowley
2003). By introducing students to Ul-pattern modelling it was anticipated that they
would readily develop an understanding of pattern language structure. The scores for
the Ul-pattern models are a surrogate measure (Pfleeger 1994) indicating the extent to
which students’ understanding of pattern language structure has developed. The
students did create acceptable Ul-pattern models although there is room for

improvement.

The greater difficulty of the second exercise may have had a larger impact on students’
understanding of pattern language structure than expected. Table 7.10 shows there was
no improvement in the students’ performance at finding all the potential links and in the

percentage of appropriate links they used in their second models.

Table 7.11 shows that only twenty-nine percent of students performed the same or better
at identifying potential links. Only half improved or performed at the same level in

selecting appropriate links during Exercise Two. However, more than sixty-four
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percent of the students’ models had over seventy percent of their links correct.
Inspecting the reference and context sections of the patterns used in the models
indicated that in the second exercise, some students had used all patterns identified in
the each pattern’s reference section rather than selecting just those that were relevant to

the problem. This approach contributed to the poorer link marks in Exercise Two.

The pattern map for TUI that students used had a similar maturity rating to many
existing pattern collections (Section 5.4). The anomalies created by unmatched links
may have confused some of the less confident students. The structure of TUI had been
modified to ensure that if the links between the patterns were followed then finding
sufficient patterns to create a complete Ul-pattern model was possible. During the
modelling process students had to deal with link information contained only within the
context section of some patterns. The distribution of the links (Table 7.12) shows that
students did identify patterns appropriately by using these links. This can be explained
by students actively reviewing their pattern choices. The valid links the students
selected when building their models had a similar distribution of link categories as TUI
(Table 7.12). The patterns selected were mostly an appropriate subset of the exemplar
Ul-pattern model. These results indicate that most students had been able to use TUI’s
structure, but their understanding of it was still developing. Although this evidence is

not strong, it supports the premise that some student learning occurred.

The students also introduced technically invalid links into their models, many of which
could be classified as missing links. For instance, links from patterns 13 CHOICE
FROM A SMALL SET and 14 CHOICE FROM A LARGE SET to pattern 11
TABULAR SET because selections are often a row from a table like structured list.
Students found that pattern 15 CONVENIENT ENVIRONMENT ACTIONS needs to
be “used by” more patterns, for example, 07 MASTER WITH DETAILS and 04
TRANSACTION BY FORM both need to use it. Some of these links are candidates for
being added to the participating patterns, the generative process of pattern language

improvement (Section 4.2.2).

The students who created the worst models still appeared confused at the completion of
the tutorial, but the remainder had developed a satisfactory understanding of both the
Ul-patterns and the structure of pattern languages. An internally valid version of TUI

may overcome such problems.
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7.5 Conclusions

The results reported here are from only a small sample of students. These participants
are regarded as representative of undergraduate students enrolled in their first in-depth
Human Computer Interaction course. Several types of data were collected and
triangulation helps increase confidence in the major findings. The analysis of
observations and the models students created combined with the responses of the
students to both the Patterns Questionnaires and the Exit Questionnaire confirmed that
the first two objectives for this experiment were clearly met. Evidence supporting the
third and fourth objectives is not as strong but students could successfully use the Ul-
pattern modelling method from TUIPL to create acceptable Ul-pattern models and
develop a reasonable understanding of pattern language structure. This experiment has
successfully trialled the process of creating Ul-pattern models describing user interfaces

by student Ul developers.

From this exploratory study a number of conclusions can be drawn. First, that Ul
patterns have proven to be an acceptable medium for presenting information to students.
Students found the patterns to be clear, informative and easy to understand. They
reported that patterns helped them focus discussion on both the Ul modelling tasks and
the Ul content of the patterns. Observations show they all actively participated in the
exercises and discussion. All students built Ul-pattern models with varying degrees of

SUCCESS.

Illustrative examples are clearly important for making Ul patterns acceptable to students.
These illustrations are also important for conveying pattern content and making patterns
comprehensible to students. It is concluded that illustrations should be positioned later
within the structure of the pattern so that the tendency for students to put excessive

reliance on them is reduced.

The Ul-pattern modelling method was successfully applied. Students found the method
helpful and thought that completing the exercise was straightforward. Students were
observed using the method and adapting it as necessary. The method encouraged most
students to create transformational representations or draft models as they worked with
the patterns. Some students reflected on their work by reviewing their models, while
still following the basic process of the method. Both these types of activity can enhance
student learning (Bonwell & Eison 1991, Jonassen et al. 1996, Wood 2001).
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Linking patterns appropriately is difficult, as indicated by the Ul-pattern model marks.
Three different categories of link made up the pattern map (Table 7.12) with fifty-one
percent of the links being unmatched. Students appeared to be confused by this lack of
consistency. Analysis of the link structures used in their Ul-pattern models indicated
that students had a preference for matched links. Consequently, when first introducing
students to using a pattern language it should have a valid structure with both the

reference and context sections in the patterns written so that all links match.

Students did not gain sufficient understanding of Ul-pattern modelling from the tutorial
style introduction to start building models without additional help. The introduction
demonstrated the use of patterns in general terms with pattern examples and a Ul-
pattern model based on the architectural domain. Even though they were in their third
year of study the students still had difficulty transferring this knowledge into the Ul

domain.

Finally, it is concluded that developing a Ul-pattern model to represent an existing user
interface is a successful method for introducing students to using Ul-patterns. They
were fully engaged in the process, and positive about most aspects related to Ul-pattern
modelling. Comments show that they found the process improved their knowledge of

user interface concepts.

7.5.1 Proposed Changes
The conclusions suggest a number of changes that could be made to improve student

learning.

Two changes are proposed to the pattern form used in TUI. First, the size of the initial
illustration should be reduced. Second, this illustration should be relocated to the end of

the pattern with the other examples.

FRONT BACK
8 - Cascading Collections Examples:
Context £ Jova Browsin - Ecipse SOK
The content ... G Gt 0 0 BwE- P ima b
Forces g
Solution ]
Express.... ‘ : ) Je
Reference Eclipse showing the Java Browsing view:

This pattern effectively .. projects>packages>types>members

Discussion

Figure 7.20 - Proposed layout for new pattern form



174

Figure 7.20 shows the proposed layout. These changes will permit students to continue
to access the illustrative examples, but should reduce excessive reliance on them and

focus attention on pattern content.

It is proposed to rework the primary structure of TUI so it passes the tests for a valid
pattern language (Section 4.1.1). Missing links identified by the students will also be
considered for inclusion. This will remove any confusion for students when finding
patterns, because not all the links in the pattern map matched. The results from scoring
the Ul-pattern models built by the students were on average reasonable in respect to
pattern selection but only just acceptable for the linked structures. An analysis of the
individual marks showed that the students were successful in selecting appropriate
patterns but a group of students had difficulty finding the appropriate links required to

create the model.

Some reference sections in the patterns describe relationships to patterns that define the
secondary structure of TUIL. These references should be moved to the discussion section

to make it clear that they are not part of the primary structure to which the method refers.

An updated version of the Ul-pattern modelling method from TUIPL is proposed
(Figure 7.19). The final step instructing students to build the Ul-pattern model from all
the selected patterns was removed. In the revised version, instructions indicate that
patterns can be linked into the Ul-pattern model as they are selected. The repetition step
was combined with the instruction to select the next pattern. A new step was added at

the end instructing the students to review the models they have built.

The wording was also modified to make the instructions clearer. For example, some
students appear to have been confused when the reference section listed patterns that
were not required for completing their model. In the pattern HIERARCHICAL SET the
reference section contains the following “Alternatives to consider are using a sortable
TABULAR SET or the CASCADING COLLECTIONS patterns.” Selecting only one of
these two patterns was required. A number of students selected all the patterns listed in

the reference section and linked them into their models in the second exercise.

The Ul-pattern modelling tutorial used an architectural exemplar. This required
students to transfer knowledge gained from the architectural domain into the Ul domain.

Creating an introduction with a Ul-pattern model exemplar would be more appropriate.
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Chapter 8: Study Two, Exercise One -
Comparison with Study One

This second study implements modifications to TUI, TUIPL and the tutorial
introduction that could improve student learning. These changes are based on findings
from the first study. The study is divided into two parts. The first part is an iteration of
Exercise One used in Study One and is reported in this chapter. Part Two is presented

in the following chapter. The aim of this first part of the study was to:

To explore whether modifications to teaching techniques and tools influence

student learning.
The objectives for the first part of this study are therefore to:

1. Confirm that Ul patterns are an acceptable medium for presenting Ul information to

students.

2. Confirm that the Ul-pattern modelling method from TUIPL can successfully guide

students in creating a Ul-pattern model.

3. Discover whether implementing the findings from Study One helped students build
better Ul-pattern models and helped develop their understanding of pattern language

structure.

This study begins with a description of the modifications made to the experimental
artefacts based on the results from Study One. The results are then summarised,
followed by a comparison with the results for the same exercise in Study One. This
comparison is made to determine whether the changes to teaching techniques and tools

influenced student behaviour and understanding.

8.1 Research Protocol

At the start of this study the students are introduced to Ul-pattern modelling. The

research protocol used is similar to that for Study One, Exercise One (Section 7.1).

8.1.1 Experimental Design
Students enrolled in the same HCI course (following year) as described in Study One

were invited to participate in this study. Students in both classes had similar
backgrounds and both had fulfilled the pre-requisite studies for enrolling in the paper.
They were self-selected from the population of students who were likely to enrol in the
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course at Massey University in any one year. They were the entire population of
undergraduate students enrolled in the paper for that year.

This part of the study is a quasi-experiment (Alvarez et al. 2006). The introduction to
the exercise was altered to use a Ul-pattern modelling example. The pattern format and
the structure of TUI were updated. Finally, the wording of the Ul-pattern modelling

method from TUIPL was amended.

The data collection methods (Section 6.3) employed were similar to those for Study One.
The data analysis (Section 6.8) aimed to determine whether changes: ‘improve’, had ‘no

discernible effect’ or ‘decrease’ student learning.

8.1.2  Artefacts and Activities
The procedures and artefacts used for Exercise One were similar to those of the first

exercise from Study One.

Exercise One

Introduce Crganise ﬂ-;t-rﬂa?tuecrﬁ LJII:-FE;ttirn F’at_terns _
research Partners pate patte Questionnaire
maodelling modelling

Figure 8.1 - Tutorial procedure for Study Two, Exercise One

Figure 8.1 provides an overview of the tutorial procedures. The planned tasks were
followed but the start of the tutorial was interrupted due to several students arriving late.

They required individual instruction to catch up with the class.

The artefacts used for Study Two were similar to those of the first exercise in this study
(Appendix A6, Section A6.3).

Ethics approval documentation:

* Information Sheet

* Consent Form

Forthe Ul-pattern modeling exercize:

* A wersionof TUI

= &Ll example

* Inztruction sheet outlining the procedures
*

*

Ananzwer warkzheet for the Ul-pattern model
The Patterns Questionnaire

Table 8.1 - Artefacts used by students in Study Two
Table 8.1 lists the artefacts the students used. One difference was that some statements

in the Patterns Questionnaire (Appendix All) were added to take into account the
different pattern form being used. The Exit questionnaire (Appendix Al2) was
administered at the end of the second part of the study but only Section C was directly

relevant to this experiment.
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Two pilot studies reported in Appendix A3 trialled the procedures and artefacts.

8.1.3 Data Analysis
It was planned to use the same data analysis approach used for Exercise One in Study

One (Section 6.8), but due to a camera malfunction detailed narrative analysis was not
possible. Actions can be identified but activity counts cannot be used. To compare
observations from the two studies the results of analysing the images are discussed by
just identifying similarities and differences observed in the way students manipulated

the patterns and applied the Ul-pattern modelling method from TUIPL.

8.2 Overview of participants

All twenty-four students in the class agreed to take part in the research, but some opted
not to complete all questions or tasks. Consequently, respondent numbers are different

for different artefacts.

DEGREE PROGRAMME NUMBER
Bachelor of Arts 1
Bachelor of Business

Bachelar of Engineering
Bachelor of Infarmation Systems
Bachelar of Science

Mmoo

Table 8.2 - Degree Programs students are completing.
Table 8.2 shows the wide range of degree programs in which the students are enrolled.
One student was aged under twenty and two older students over thirty, with the
remainder in the age range twenty to thirty years. There were seven female students.

Three students reported that they were currently working part-time in the IT industry. A
further six reported that they had some relevant IT industry experience. The two
students who considered that their proficiency in Ul design was very good did not report
any industry experience, whereas one student who reported experience in designing user
interfaces for games considered their proficiency in Ul design was low. The responses
to the Ul design proficiency question were coded on a scale of one to five. Twenty-two
students answered this question. Five students reported they were above average, eight
below average and nine considered themselves of average proficiency.
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8.3 Key Improvements Identified in Study One

Study One highlighted the need for a series of improvements that could enhance the
learning experience for students developing Ul-pattern models (Section 7.5.1). Not all
changes were used otherwise a comparison between the outcomes of the two Studies

would become untenable. The changes implemented were:

1. Reduce the size of the initial illustration and move it to the examples section at the

end of the pattern.

2. Rework the patterns to remove the inconsistencies in the link structure making up
the pattern map, introduce missing links and rename patterns where student found

names unclear.
3. Reword the method’s detailed instructions to make them clearer.
4. Modify the introduction to the Ul-pattern modelling exercise to use a Ul example.

Each of these amendments is discussed in the following section.

8.3.1 Improvement 1 - Modify lllustrations
The patterns to be used in this experiment are similar to the illustrated set of patterns

used in Study One, but with the layout modified to reduce the tendency of students to

focus excessively on the illustrated examples.

Front Back
8 - Cascading Collections Discussion
Context
The content ... Examples
Forces Janwxh‘ E:I[p:eSDK
Solution
Express ...
chonised so the. * 5 L -
syd_e """‘”i‘_‘} Eclipse showing the Java Browsing view:
s projects>packages>types>members
Syn hronis:d
h Iﬂsfl t(N)}
Reference
This pattern effectively ...

Figure 8.2 — Pattern sections in the diagrammed pattern form
Figure 8.2 shows an example of the diagrammed pattern form which includes a TUIC
model diagram identifying the essential elements of the solution. These diagrams are

required for Exercise Two. They are relevant to the overall aim of Study Two.
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8.3.2 Improvement 2 - Internally Valid Pattern Set

"i'..'! h."h&‘-.?" St S L
S IRy

01 —Marrative 11 -Takular S&

02 - High-density Information 12 - Stack of Working Surfaces

03 — Currert Propetties 13 - Choice from a =mall =et

04 - Infarmation on Fomm 14 - Choice from & Large Set

05 - Cortrol Panel 15 - Conveniert Environment Adions
06 - Collection beside Content 16 -Foirter Shows Affordance

0F - Master with Details 17 -Forgiving Text Entry

05 - Cazcading Colledtions 18 — Ask for Input

09 - Groups with Titles 19 - Good Defaults

10 - Hietarchical Set

Figure 8.3 - Pattern map for Study Two’s version of TUI
The context and reference sections of each pattern have been reworded so that a fully
matched pattern map is created as shown in Figure 8.3. As part of this alteration, non-
basic references to patterns were moved to another section of the pattern. Three
patterns (03, 04 & 18) had names the students did not find helpful. These have been
renamed. This remodelled version of TUI is internally valid and its maturity rating has

been raised from 14 to 19, i.e. fully mature.

The diagrammed version of TUI passes tests One and Four. To pass Test-two the
pattern map in Figure 8.3 has been organised into three levels of detail below the root
level. The first three patterns (01, 02 & 03) can be used to provide the overall
description of a Ul. Each of these patterns can become the root of a hierarchy so the
map is effectively made up of a series of overlapping hierarchies. The next group of
patterns can be used to describe main interaction spaces within a Ul (04, 05, 06, 07, 08,
10). The third group of patterns mostly define smaller areas of a Ul that display
information with specific characteristics either in layout and/or required actions (09, 11,
12, 13,). The final set of patterns (14, 15, 17, 18, 19) are used for details usually
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required to model many different parts of the Ul so often have multiple links. These
form the “leaf nodes” of the structure. To pass Test-three an example is required. The
Library example used in the exercises for this tutorial illustrates different levels of model based

on the Ul-pattern map.

Ul-pattern model TUIC model
Library Catalog System
(=) Search results

Level 1 Search results

‘ 7 — Master with Detalils ‘

Library Catalog System

= search results u/
= Book Information 9
3 — Current Properties
Search results [ 1ssue Information 6
‘ 7 — Master with Details ‘ #= Copies of Book
Level 2 L
Book details Issug/details [Print, Submit, Cancell]
Last date
i . nted
9 - Groups 6 — Collection 15 — Convenient :Jyunc:ronised
with Titles beside Content Environment Actions to selected
copy
i [# print || # submit|[ # cancelf |
e |

Figure 8.4 — Ul-pattern model and matching TUIC model showing two levels of
granularity

Figure 8.4 contains two levels of the Ul-pattern model and the corresponding TUIC

model demonstrates the matching levels of granularity.

8.3.3 Improvement 3 — Ul-pattern Modelling Method
The main conclusion from Study One was that the TUIPL Ul-pattern modelling method

was successful, although an improved version was proposed. The original method
encouraged student to initiate the construction of alternative representations which
should have contributed to improving their understanding of the material being studied
(Savery & Duffy 2001). The researcher was interested to discover whether this

behaviour would be repeated, therefore essentially the same method was employed.

Some changes in wording were made where students in Study One had identified
problems with wording. Analysis of their’ Ul-pattern models also indicated that some
may have been confused by the wording. As well, pilot study participants suggested

other improvements to the wording.
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E
I- zelect
A - pattern B- Ul - zelect o - F-create
farniliarization examination overall pattern e pattern f.r':'m | Ul-pattern-model
reference list

Step A. Become familiar with the subset of Ul patterns.

Step B. Examine the illustration of the user interface for the exercise.

Step C. Select a pattern from the first three patterns in the subset (1, 2 or 3) that best
describes the overall nature of the type of data or information the user interface
(UI) deals with.

Step D. From the list of patterns that this pattern references, select those that best
describe some other feature of the user interface you have been asked to model.

Step E. Continue identifying patterns that best describe a feature of the user interface
from each selected pattern’s reference section until you can’t select any more.

Step F. Using your selected patterns, create a diagram showing your patterns connected
with lines to indicate how they are linked into a structure. Use the context and
reference sections of your patterns to check for missing links or patterns.

Figure 8.5 - Method for creating a Ul-pattern model with changes italicized.

The modified wording is shown in Figure 8.5 with changes italicized.

8.3.4 Improvement 4 — Introductory Demonstration
The introduction to the tutorial was modified so that the exemplar demonstrated how to

use patterns to create a Ul-pattern model. In Study One the introduction used a small
architectural exemplar and Alexander’s patterns. The replacement Ul exemplar was
created using the same pattern set the students would subsequently use in their exercises.
This change was triggered by observations by the researcher that students who
requested help did not appear to understand an explanation based on the exemplar and
students’ comments that a demonstration based on a Ul example was required. When
demonstrations are consistent with the expected outcomes they are more effective
(Merrill 2002). Although in Study One the process and the model were consistent, the

domain was not.

8.4 Results from Exercises One

The students needed to complete Exercise One before Exercise Two because they need
to use Ul-pattern models to guide TUIC modelling. This experiment therefore provided
the opportunity to implement some of the improvements identified from the first study.

It provided an opportunity to confirm findings from that study.

The results of analysing the data are summarised in the following sections organised
with reference to the objectives. The raw data used for the quantitative analysis are
found in Appendix AZ20.
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8.4.1 Observed Behaviours
As with Exercise One in Study One students were organised to work in pairs and are

referred to as Cases 1 through to 12. They were encouraged to collaborate while
working on the assigned exercise but created individual Ul-pattern models. Three
objectives similar to those from Study One were used as a basis for these observations,

namely:
1. Identify ways the students manipulate the artefacts.
2. Identify sections of the patterns that students focus on.

3. Ascertain whether the students are following the proposed Ul-pattern modelling

method.

Due to the incomplete sequence of images a detailed case study analysis was not

warranted.

Focus of pointing Cases
Componenton U 34,8 11,12
Exemplar 1

Section in a Pattern

context
reference
discussion
examples

8, 6, 7,912
B
]

—| Lol —=

2

Table 8.3 - Cases where pointing to an artefact was observed
Data in Table 8.3 is from images that capture students pointing to components on the Ul
and to different sections in the patterns. For example students from Case 1 were seen

pointing to the exemplar displayed at the front of the room.

A detailed analysis to count the sections in the patterns students focussed on is not
possible due to the incomplete sequence of images. Sections that were captured show
that students mostly focussed on the reference section. Only three other sections:

examples, discussion and context, were captured being pointed at.

Items in Focus Cases
Twwo pattern fronts K]
Two pattern examples (back) | 8
Pattern front with LI 1
FPattern example (hack)with UL | 7,8,
2
A
]

P attern with list
Patternwith graph
Llwith graph

Table 8.4 - Items observed being focussed on by the students
Table 8.4 shows that the majority of items students were observed focussing on were

the patterns. They were either comparing two patterns or comparing a pattern with the
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Ul. In most of the images the patterns were front side up, but for about a quarter they
were turned over indicating that when necessary students focussed on the example

illustrations.

The students created transitional representation as they worked. One intermediate
transformation not observed during Study One was Ul marking which three groups in

this study employed.

Figure 8.6 clearly shows how the ,_- _—
different parts of the Ul are identified. f
These students then appear to review 2 T'_,‘l | L
each pattern again when creating their ] e _‘

Ul-pattern model. e ———
Figure 8.6 — Identifying patterns on the Ul

Transformation Model Cases
Hierarchy building 3,5, 10

Listrmarking 7

Ll marking g7, 11

Fough copy 1,3, 4,69 10,11, 12

Table 8.5 — Students observed creating intermediate transformation models

Table 8.5 shows that in three cases students were observed moving the patterns into a

hierarchical structure to build a Ul-pattern model.

In all twelve cases, while creating their Ul-pattern models, the students appear to have
used a process that is underpinned by the basic structure of the method (Figure 8.5). In
ten of the cases students clearly adapted the method by introducing into the process one
or more draft model-building activities while completing steps D and E. Three of the
teams completed step F in tandem with selecting patterns in steps D and E. In one case

students introduced a review activity as they completed step F.

8.4.2 Pattern Model Scores
The objectives underlying building a Ul-pattern model to describe the basic components

of a Ul are to help the students to:
1. Develop an understanding of using patterns to describe a Ul component.
2. Develop an understanding of pattern language structure.

The marking scheme is in Appendix A15 and the individual marks for the models are in
Appendix A20, Section A20.1.
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max min average ﬁm::;ﬁ;ﬂ
Percertage of appropriste patterns 100% B4 0% 0.1
Percertage potential patternz a0% 0% B0% [RE]
Percentage of appropriate links 100% 33% 53% 0.z20
Percentage potertial links 899% 22% 549% 023
Cwverall zcore 92% 47% T2% 013

Table 8.6— Scores for the models created using the diagrammed set of patterns
Table 8.6 shows the scores for all four categories as well as the overall score.
Considering the pattern selection and link structures together, the Ul-pattern modelling
exercise was very successful. The students developed a good understanding of the
patterns with forty-six percent of their models containing no inappropriate patterns.
Similarly, the students appear to have developed a reasonable understanding of the
linked structure of a pattern language with forty-six percent of the models containing no

inappropriate links.

8.4.3 Patterns Questionnaire Results
The objectives for the patterns questionnaire were based on those used for the first study

plus additional objectives identified from the findings from that study and from specific

differences in the pattern form. The objectives copied from Study One are:

1. Find out whether the students considered patterns helpful.

2. Determine students’ views about building the Ul-pattern model.

3. Indicate whether patterns aided student discussion about Ul concepts.

4. ldentify whether students developed an understanding of pattern language structure.

5. Determine students’ opinion of the accessibility of the information contained in a

pattern.

Additional objectives were added for this experiment because all the screen images
illustrating the examples are located at the end of the pattern so there is no sensitising
image as in the Alexandrian pattern form. The objectives are:

1. Determine students’ views of the illustrations used in the patterns.
2. Determine students’ views of the pattern names.

The Patterns Questionnaire is found in Appendix A1l. The raw data is in Appendix
A20, Section A20.3 and the summary data in Section A20.4.
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Figure 8.7 — Graph of response totals for each statement

Only twenty-two questionnaires were returned, a response rate of 92%. The overall

ranking of the responses to the statements in the questionnaire are positive as shown by

the graph in Figure 8.7, with an average of 0.36. This conclusion is confirmed by the

results for the statement that explicitly asked whether patterns were helpful. Therefore

the first objective is achieved.

Respondent’s opinions were elicited for each of six sub-groups of statements

corresponding to each of the remaining objectives.

Model building: The results of this set of statements are variable and indicate that the

respondents as a group were undecided. Consequently objective two is not met in

full.

Topic S-num agree | undecided | disagree
Straightfarward method S-14 45% 41% 14%
mHumber ofsteps QK 5-23 18% 1% 1%
hethod easy to follow 5-20 1% 14% 45%

Table 8.7 - Responses to statements about aspects of building a Ul-pattern model

Table 8.7, shows that forty-five percent of the respondents considered the method

was straight forward and forty-five percent did not find the method easy to follow.

As a group the respondent students did not appear to agree with the number of

steps in the method.

Table 8.8 - Responses to statements on whether the patterns aided discussion

Topic S-num | agree | undecided | disagree
Aid Ul-concepts discussion 5-15 | B4% J6E% 1%
Aid modelling discussion 5-27 | 64% 18% 18%
FPatterns aidfacus 5-30 | 45% 6% 18%

n=22
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Discussion: Table 8.8 shows that the respondents clearly considered the patterns helped

them discuss both Ul-concepts and Ul modelling therefore objective three was

met in full.
Topic S-num | agree | undecided | disagree
Straightforward to select pattern 5-03 | 32% 45% 3%
Finding suitahle patterns Ok 5-05 | 36% 46% 18%
Eagyto find next pattern 5-10 | BE% 23% 9%
Feferring backto patterns S-17 | 25% 23% 3%
n=22

Table 8.9 - Responses to statements on locating patterns within the pattern language

structure

Pattern language structure: The results for this set of statements (Table 8.9) are

mildly supportive of objective four, that respondents have developed an
understanding of the linking structure connecting patterns in TUL. A
comparatively large group were still undecided about how straightforward it was
to find suitable patterns but most respondents thought that finding the next pattern
they needed was reasonably easy. The objective is therefore achieved.

Topic S-num agree | undecided | disagree
Clearinfarmation 5-01 55% 3% 14%
Patterns informative =-07 T3% 27% 0%
Sufficientinformation S-09 15% 23% 3%
Patterns easyto understand 5-148 a5h% 27% 18%
Logical organisation 5-21 A8 % 2T% a%
Contenteasyto remember 9-25 23% al% 27%
Understand and actoninformation 2-31 T3% 14% 14%

Table 8.10 - Responses to statements covering information contained within the Ul

patterns

Information content of patterns: The respondents were very positive that the

information was informative and logically organised and that they could act on the
information (Table 8.10). Over fifty-percent of the respondents were unsure
whether the information in the patterns was easy to remember. This maybe
because at most respondents had only forty minutes to interact with the patterns
before having to complete the questionnaire. Overall opinions were positive to
this group of statements and the fifth objective was attained in full.

Topic S-num | agree | undecided | disagree
Diagram helpful S-08 | 7% 13% 2%
Examples helpful S-24 | 82% 14% 2%
Diagram understandable 5-32 | 55%% 2T% 18%

Table 8.11 - Responses to statements about the helpfulness of the illustrations
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Illustrations: Table 8.11 shows that respondents considered the TUIC diagrams were
helpful and over half considered them understandable. Most of the respondents
considered the illustrative examples to be very helpful. Their views are clearly

very positive toward both types of illustration so objective six is satisfied in full.

Topic S-num agree | undecided | disagree
FPattern names clear 5-14 a9% 14% 2%
Fattern names indicate intent S-26 a0% 41% 9%

Table 8.12 - Responses to statements concerning pattern names
Pattern Names: Table 8.12 shows that the respondents’ view the pattern names as
acceptable, meeting objective seven. But over a quarter of the respondents did not
think the names were clear and a few considered that they did not understand the

intent of the pattern from the name.

The results reported above clearly show that the students who responded to this
questionnaire found Ul patterns to be an acceptable medium for presenting Ul
information to students. They also found patterns to be clear, informative and easy to
understand. They report that patterns encouraged them to discuss Ul-pattern modelling
as well as Ul concepts with their partner. They appear to be confident about using the
structure of TUL. They liked the illustrations and even though they had had no specific
instructions about the TUIC diagrams they still responded positively to them. Pattern

names also appear to be acceptable.

8.4.4 Exit Questionnaire Results
All students completed an Exit Questionnaire but most provided responses to only some

questions. The objectives for the section of the Exit Questionnaire covering Ul-pattern

modelling are to:

1. Investigate whether the students considered the Ul-pattern modelling method for

introducing patterns was successful.
2. ldentify potential changes for improving the Ul-pattern modelling method.

The Exit Questionnaire is found in Appendix Al2. The numeric data is in Appendix
A20, Section A20.6 and the comments in Appendix A22.
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Building Ul-pattern Model
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Ul-pattern Modelling | Count 8
Very helpful ] £ 7
Reasonabhk helpful 5 é ;
Helpful 9 2,
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Very helpful Reasonably  Helpful Notvery  Unhelpful
helpful helpful

Figure 8.8 — Impact building the Ul-pattern model had on understanding patterns

Figure 8.8 show that the majority of students considered Ul-pattern modelling a helpful
activity. Most of those who ranked the method as ‘helpful’ or better provided positive
comments supporting their ranking. For example, one student commented “information
provided when [my] knowledge lacking” and another commenting that they would “like
to do more”. None of the students proposed any changes for improving the method
adding further support for the helpfulness of Ul-pattern modelling. The main problem

identified by students was lack of time.

8.5 Comparison with Study One’s Results

The first exercises in both Study One and Two are essentially identical. They use the
same method and example Ul for the Ul-pattern model building activity. Study One
identified a number of issues that require consideration when comparing results between

the studies. These are:

1. Students preferred the illustrated patterns but they placed excessive reliance on

them.

2. Students working with non-illustrated patterns required longer to complete

modelling exercises.
3. Students created transitional models when building Ul-pattern models.

4. Students reflected on their activities by reviewing selected patterns while

completing their models.
5. Working with patterns encourages relevant discussion.

6. Inconsistencies in the pattern map probably inhibited students developing their

understanding of the link structure connecting patterns.

7. Presence of references to additional relationships between patterns in the reference

or context sections may have confused some students.



Chapter 8: Study Two, Exercise One - Comparison with Study One 189

8. A non-Ul example in the introduction forced students to transfer knowledge from
the architectural domain to the Ul domain and may have impeded student learning.

The results of the Patterns Questionnaire, the scoring of the students” Ul pattern models
and the research observation for both first exercises are compared in the following
sections. The purpose is to determine whether the modifications to the introduction, the
pattern format and the pattern language structure improve, have no discernible effect or

decrease students learning.

8.5.1 Comparing Observed Behaviours
The camera malfunction made a detailed comparison of any modifications to the Ul-

pattern modelling method difficult. But there is sufficient detail to determine whether
the students taking part in Study Two made similar adaptations to those students who

took part in Study One.

It is clear that the students participating in Study Two followed the first three steps of
the method; becoming familiar with the patterns, studying the Ul and selecting a pattern
that provided an overall description of a given Ul. An analysis of pointing behaviour
and the items in focus provide sufficient evidence to conclude that most students were
following the information in the reference section to locate the next set of possible
patterns. It is not clear how much use was made of the context section, but one instance
of pointing to the section was recorded (Table 8.3). As observed in the first study these
students created transformational representations as they were building their Ul-pattern
models. All three forms identified in Study One were observed in this study. An
additional form of transformation was also observed. The students identified patterns
and wrote the id numbers directly onto the Ul. In two cases students were definitely
observed reviewing their draft model before completing the Ul-pattern model. All these
behaviours confirm the validity of the adapted method proposed in the discussion
section for Study One (Figure 7.14).

A problem identified in the first study was the tendency for students to place excessive
reliance on the initial illustration when there was a large sensitising image on the front
page of the pattern. The pointing and comparing behaviour in this second study
suggests that students only turned to the illustrations on the back page of each pattern
when necessary. The majority of images show students interacting with the narrative

content on the front page.
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Images of pointing behaviour and items in focus along with the observations of the
researcher show that by the end of the exercise students were all on task, fully engaged

with completing models and discussing relevant issues.

8.5.2 Comparing Ul-pattern Modelling Scores
Scoring the students’ Ul-pattern models was the primary means for evaluating their

learning. Time taken to complete can also indicate how difficult students found an

activity. Student’s T-test was used to test whether any differences were statistically

significant.
Appropriate patterns| Potential patterns ||Appropriate links|| Potential links Crerall
Study 1| Study 2 || Study 1 | Study 2 |[Stady 1] Stady 2 |Study 1 Stady 2 S‘TW Su;ly
max| 100 100 78 a0 a3 100 71 a8 53] 92
min| 43 B4 33 30 42 33 29 22 | 53 | 47
average| 74 40 55 1] 1] a3 a0 A4 1] 72
stdev| 18 11 14 14 16 20 16 23 4 13
p T=<t n.ooz 0.41 0.001 0.60 n.ooz

Table 8.13 - Comparing scores for Ul-patterns models from Study One with those from
Study Two

The null hypothesis is that the changes described in Section 8.3 will have no impact on
the scores of their Ul-pattern models. Table 8.13 shows that the students participating
in Study Two performed significantly better overall (p=0.002) indicating rejection of
the null hypothesis. Students performance has improved for creating Ul-pattern models
consisting of appropriate patterns (p=0.002) with on average a sixteen percent
improvement. Students also performed better at building models with appropriate links
(p=0.001) with on average a twenty-three percent improvement. It is highly likely that
the null hypothesis can be rejected for these two criteria as the difference in the marks is
significant. There is a minor increase in the average scores for finding all the potential

patterns and potential links but these differences are not significant.

Study One Study Twio
Appropriate patterns ] 1]
Inappropriate patterns 2 1
Appropriate links 4 ]
Inappropriate links 3 1
n=14 n=24

Table 8.14 - Comparing the average of counts for appropriate and inappropriate patterns
and links

Another way to compare these models is to compare the counts of appropriate and
inappropriate patterns and links used in the models. The Ul-pattern models created in

both studies were on average the same size but as shown in Table 8.14 the models
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created in the second study contained more appropriate patterns and links and fewer
inappropriate patterns and links.

Study 1 Study 2
% of Models using only appropriate patterns 14% 46%
% of Models using only appropriate links 0% 46%
% of Models using only appropriate patterns & links 0% 33%

Table 8.15 - Comparing the percentage of models created using appropriate patterns &
appropriate links

In Study One only fourteen percent of the students created models consisting entirely of
appropriate patterns. As can be seen in Table 8.15, in Study Two, forty six percent of
the students created models containing no inappropriate patterns. A similar percentage
contained no inappropriate links. In Study Two a third of the students created models

consisting of only appropriate patterns and links, no students did so in Study One.

Study 1 | Study 2
Range 24-35 25-30
Average 30 28
n=14 n=24

Table 8.16 - Time taken in minutes to complete Ul-pattern modelling exercises
Although the students in this study took time to settle into the first exercise the time
taken to complete the Ul-pattern modelling exercise was actually shorter than that taken
by the students in study one. The range of time taken to finish (Table 8.16) is narrower
even though the sample is larger. The students in Study Two on average took two

minutes less time to complete the Ul-pattern modelling exercise.

8.5.3 Comparing Patterns Questionnaire Results
Because the exercises were essentially the same, it was expected that the respondents

opinions concerning pattern use and model building would be similar. The Patterns
Questionnaires administered in both Studies included an identical subset of twenty-four
statements. The results from this subset were extracted and the rankings then averaged
so that the results can be compared using the Chi-square test. All students in Study One

and 92% of students in Study Two completed a Patterns Questionnaire.
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Comparing Study One with Study Two
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Figure 8.9 - Comparing the rank ordering of responses to the Patterns
Questionnaire ordered by rankings for Study One, Exercise One

Figure 8.9 shows the average ranking for Study One was 0.09 while the average for
Study Two was much higher at 0.31. The null hypothesis is that the respondents’
opinions of patterns would be essentially the same for both Studies. The results indicate
that the null hypothesis is highly unlikely with a Chi-square result of 20.681 and a p-
value of 0.000 at 2 degrees of freedom. It is clear that the respondents were overall far

more positive about patterns in Study Two when compared to Study One.

In the responses for Study Two only three statements register a negative score. Two of
these are essentially neutral and similar to Study One. The most negatively ranked
statement, S-23, asked the students about the number of steps in the TUIPL Ul-pattern

modelling method. This statement also had a negative rank in Study One.

The Five lowest ranked statements in Study One were all ranked positively in Study
Two. Two of these particularly stand out. Statement S-06 about finding the required
information in patterns, and Statement S-10 about how easy it was to find the next
pattern, both ranked fourth equal in Study Two. These rankings tend to confirm that
respondents were more confident about their knowledge of how patterns are linked

together.

The difference seen for Statement S-09 about whether the patterns contained sufficient
information was unanticipated. This statement ranks highest in Study One. It was sixth
lowest in Study Two. There does not seem to be any obvious explanation for this
difference. The three statements that were ranked highest for Study Two all indicated
that the respondents considered patterns were informative and logically organised and

aided their discussions. Possibly the TUIC model diagrams, which were without
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explanation, did influence opinions even though the rankings for the statements
concerning these diagrams elicited positive responses (Table 8.11).

Ul-pattern Modelling

Study 1T | Study 2 g0 e
agree 19.05 34.85 S 50
undecided BG.67 31.82 4 -
disagree 14.29 33.33 22
h="14 n=22 ]

agree  undecided disagree

Figure 8.10 - Percentage of counts comparing responses to building the Ul-pattern model
statements from Study One with Study Two

Accepting the null hypothesis, that there is no difference in the respondents’ responses
to the model building statements, is unlikely with a Chi-squared result of 12.694 and a
p-value of 0.002 at two degrees of freedom. Whereas in Study One most of the
respondents were undecided about these statements, responses in Study Two are almost
equally divided among the three options as shown in Figure 8.10. These results indicate

that at least a third of the respondents considered Ul-pattern modelling to be difficult.

Pattern Language Structure

an Study

Study 1 [ Study 2 g 50 - S
agree 17 .86 4773 5401 e
undecided | 2579 34.09 23 Yoy I
disagree EE 36 18.18 ] ’_I
n=14 n=22 .

agree  undecided disagree

Figure 8.11 - Percentage of counts comparing responses to pattern language structure
statements from Study One with Study Two

Responses to the pattern language structure statements indicate that the null hypothesis,
that there was no difference between the two Studies, is highly unlikely because the
calculated Chi-squared value is 23.530 with a p-value of 0.000 at two degrees of
freedom. Figure 8.11 shows the clear difference in respondents’ views about using the
structure of the pattern language to find patterns. A higher proportion of respondents
who participated in Study Two felt they could find the patterns they required.

Students in both studies considered that Ul patterns encouraged and informed their
discussions.  Applying the Chi-squared test to the results for statements covering

patterns as discussion aids (Table 8.8) and the information content of patterns (Table
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8.10) indicate there is no evidence for rejecting the null hypothesis that the opinions of

the respondents were different between the two Studies.

8.5.4 Comparing Exit Questionnaire Ul-pattern Modelling
Section
The section in the Exit questionnaire asking about the Ul-pattern modelling method was

identical in both studies. In the first study the students had completed two Ul-pattern
modelling exercises but in the third study they only completed one Ul-pattern model
and then created an abstract Ul prototype before completing the questionnaire.
Comparing the data from the two Studies can provide support for findings from other

Sources.

The first question asked students whether Ul-pattern modelling helped them understand
Ul patterns. In Study One, one hundred percent of the students responded positively
and ninety-three percent provided positive supporting comments. Even though twenty-
one percent responded negatively in Study Two, associated comments identified that
lack of time was the issue not the method or the patterns. In both Studies the overall
response was positive, confirming opinions elicited by the patterns questionnaire. Both
groups found Ul-pattern modelling helpful in developing their understanding of Ul-

patterns.

Approximately twenty-one percent of students from both Studies responded to the
questions asking for explicit improvements to the Ul-pattern modelling method. The
responses from the students in Study One addressed specific problems with one student
even suggesting alternative wording for Step E. The responses from the students in
Study Two were general comments and did not identify specific steps in the method.
This difference in responses is probably due to the students in Study One applying the

method twice therefore being more familiar with it.

8.6 Discussion

The results from the different data sets related to each of the experimental objectives
will be considered in turn. Firstly, to confirm that students found the patterns
acceptable and secondly, to confirm the Ul-pattern model could be successfully applied
and finally to discover whether the changes to teaching techniques and tools improved
students’ learning. The term ‘student’ has been used in the following discussion but the
reader is reminded that in Study Two only ninety-two percent of the students completed

the patterns questionnaire and some Exit Questionnaires were incomplete.
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8.6.1 Objective One — Confirm Patterns are acceptable
If patterns are to be an acceptable medium for presenting Ul information to students,

then the students need to perceive the information they contain as useful and presented
in a way that they find acceptable. Criteria considered essential to check that Ul
patterns are acceptable include whether students became active participants in the Ul-
pattern modelling exercise, participated actively in discussion and completed their tasks
successfully. The quality of the models created can be used as an indicator of students’
acceptance of the patterns. The students’ opinions about patterns and the modelling
method should be positive. They need to believe that patterns helped them with the

assigned activities.

At the beginning of the exercise in Study Two some students did not appear to be
interested because they were playing games on their cell phones, texting and chatting
off topic but they became caught by the exercise as it progressed. The researcher
considered all members of the class were actively involved before the end of the first
exercise. The results from the observations also show that students actively participated
in the Ul-pattern modelling activity. They were seen pointing to artefacts (Table 8.3),
shifting and marking them (Figure 8.6) and they were also seen comparing patterns
(Table 8.4) with each other and with the Ul they were modelling. The responses to the
patterns questionnaire were overall positive implying indirectly that students were fully
engaged in the activities they were evaluating. Active involvement is also indicated by
the fact that all students successfully completed a Ul-pattern model. Images captured
during the exercise show the students comparing items, mostly Ul patterns, implying
that they were talking about what they were comparing. The researcher observed
students actively discussing pattern content and Ul-pattern modelling. The students’
opinions, as recorded by the patterns questionnaire, were that they found the patterns
aided both their discussion (Table 8.8) of Ul concepts and Ul-pattern modelling (Table
8.9). This positive picture of involvement and acceptance of patterns confirms the
situation observed in Study One, although in that study the students were fully involved
right from the start.

The overall scores for the Ul-pattern models were significantly improved when
compared to those from Study One, indirectly confirming that the patterns are
acceptable. These differences may due to two pattern types (illustrated and narrative)
being used in the first study. Pattern type may be the confounding factor not the

changes made to format the patterns for Study Two. Having a better understanding of
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the Ul-pattern modelling process due to the demonstration using a Ul example may also
account for this apparent time difference. Importantly, the TUIC model diagrams
illustrating the solutions do not appear to have had any negative impact on learning

about patterns and pattern language structure.

When the totals for all the statements in the patterns questionnaire are considered
together (Figure 8.7) the students’ opinions overall are favourable towards patterns. An
examination of the six subsets of statements in the patterns questionnaire provides a
detailed picture of the students’ views. These subsets covered: model building, aiding
communication, pattern language structure, the information contained within the
patterns, the use of illustrations, and the pattern names. For all categories, the overall
response was positive towards Ul patterns. The positive response for the diagrams used
to illustrate a pattern’s solution was unexpected because there had been no instruction or
discussion about the interpretation of the TUIC model diagrams at this point in the
tutorial and no student in the class had any prior knowledge of CAP or navigation

symbols used to create them.

Responses to the Exit Questionnaire indicate the student’s opinion that building the Ul-
pattern model method was helpful. This finding is confirmed by responses to the
Patterns Questionnaire which indicate that forty-five percent of the students thought the
method was straight forward and forty-one percent thought it was easy to follow (Table

8.7). These results also indirectly confirm the acceptability of patterns by students.

8.6.2 Objective Two — Confirm Ul-pattern modelling successful
In both Studies the students were presented with essentially the same Ul-pattern

modelling method from TUIPL to guide the development of their Ul-pattern models.
For Study Two the wording for steps E and F was improved to make their intent clearer.
The criteria for confirming that the method can successfully guide students in creating a
Ul-pattern model are similar to those used to corroborate the first objective. The criteria
are: whether students were fully engaged in the Ul-pattern modelling exercise, the
models created were of reasonable quality, that students perceived the modelling
method as reasonably easy to apply and helpful.

Although the series of images was incomplete it is clear that the methods the students in
each Case used were based on the proposed Ul-pattern modelling method. In most
Cases students modified the method by using transformational modelling activity (Table
8.5) as they selected patterns and in one case reviewed their draft as they completed
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their final model. One pair of students was observed marking their Ul. This type of
transformation modelling was not observed in Study One but had been noted by Chung
et al. (2004) who observed:

““A third pair used the patterns in an unanticipated way. Instead of simply culling
ideas from the patterns, they annotated their designs with particular pattern
references.” (ibid, p239)

Students were clearly fully engaged in applying the Ul-pattern modelling method using

similar approaches to those observed in Study One.

The results show that the Ul-pattern models the students created in this study were of
significantly better quality than those created during the same exercise in Study One
(Table 8.15). Also they were completed in less time (Table 8.16). These results
confirm that the modelling method could successfully be used by the students to create

creditable Ul-pattern models.

In responses to relevant statements in the patterns questionnaire these students ranked
the method more highly that those in Study One (Figure 8.10). Only eighteen percent of
the students considered there were too many steps in the method but this was not
corroborated by responses in the Exit Questionnaire (Section 8.4.4). The exit questions
were administered after students completed Exercise Two, a gap of at least fifty minutes
since students had completed their Ul-pattern models. This may have resulted in
students revising their opinions of the model building process. When asked to identify
problems with the method only four students responded and none proposed any
modifications. Students identified lack of time as the main problem, with two students
wanting ‘more explanation’. Overall these results confirm that the modelling method

could successfully be applied by the students.

8.6.3  Objective Three — Changes Improved Learning
In Study One the proposed method appeared to encourage students to construct

intermediate or transitional representations as they worked with the Ul patterns to create
Ul-pattern models. Students were seen to reflect on their work by reviewing their Ul-
pattern models before submitting them, both desirable learning activities (Jonassen
1999). The modifications (Figure 8.5) did not prevent the students in Study Two
creating their own representations or reviewing their work. This may have been a factor
in the improved perceptions by students in Study Two of how well they could apply the
method and the improved Ul-pattern models they created. The quality of the models



198

created can be used as an indicator of students’ knowledge of Ul-pattern language

structure.

The Ul-pattern models the students created in Study Two were of significantly better
quality (Table 8.15). These students completed their models on average two minutes
faster even though the start of the tutorial was less than optimal (Table 8.16).
Identification of potential patterns and potential links were similar for both Studies
(Table 8.13). The ability to exclude inappropriate patterns and inappropriate links was
significantly better in Study Two. Over a third of the Ul-pattern models comprised only

appropriate patterns and appropriate links compared to none in Study One.

Students’ opinions about patterns and selecting them were much more positive after
completing Study Two when compared to Study One (Figure 8.9). The changes to the
tutorial appear to have given students more positive views of Ul-pattern modelling and
on using links to find patterns. The students who participated in Study Two appear to
be more confident in their understanding of pattern language structure (Figure 8.11).
The marks for their Ul-pattern models confirm this conclusion because the link

structures they created were more correct than those of Study One (Table 8.15).

The students in Study One had more experience with Ul-pattern modelling and
responded more positively about how helpful the method was. They also provided
useful suggestions on changes to improve the method. The only comments elicited in
Study 2 related to one request for more explanation and two about lack of time which in
part was due to the poor start to the tutorial session. The general responses about the
method were similar in both studies and indicated students had a positive view of the

method.

8.7 Incrementally Improving the Instructional Approach

Underlying the research carried out in this comparison of Exercise One from studies
One and Two is the instructional approach which will have influenced student learning.

In a design study, as Collins, Joseph and Bielaczyc (2004) indicate:
“Each implementation of an educational design is different” (ibid, p34)

The method of instruction has been incrementally refined by iteration. Problems
identified in Study One, suggested the changes that were implemented in Study Two to
produce potential improvements. The first part of Study Two, investigates whether the

modifications to Exercise One, improved student learning. As already discovered there
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are known threats to the validity of any conclusions drawn from such a study but the
experimental design has minimised these as much as possible.

The results from Study Two clearly indicate improved student learning:

1. A Ul-oriented example was used in the introductory demonstration and was
available throughout the exercise. This clearly influenced student learning because
students were observed referring to it independently during Study Two. This

behaviour was not observed during Study One.

2. A validated pattern language structure was used. Results show that it was beneficial
to use a validated pattern language when introducing students to using a pattern
language. Although there is no direct evidence that using the validated patterns
language had more effect than the other changes, students’ requests for help with
pattern language structure were minimal in Study Two when compared to Study
One.

3. The diagrammed form of TUI was used. The changes made to create this version of
TUI were: reduced the prominence of the initial illustrated example, restructuring of
the link information to other patterns and inclusion of an interpretational illustration
in the form of the TUIC model diagram. These all appear to have had a positive
effect on student learning.

4. The instructions defining the Ul-pattern modelling method were reworded. These
modifications may have had little impact on learning outcomes, but removing
hurdles to learning, no matter how small, may contribute to student acceptance of an
assigned exercise. The responses to the Ul-pattern modelling method were neutral
and they provided no suggested improvements compared to five students in Study

One who responding with potentially useful suggestions.

When scores for the students’ models were compared (Table 8:13) there was a
statistically significant difference between them. The models created by students in
Study Two using the validated version of TUI have the higher scores. Also none of the
Ul-pattern models created during Study One were composed wholly of appropriate links
or patterns, whereas thirty-three percent of those created in Study Two were (Table
8:15). This result is supported by the students’ perceptions of how well they could
apply the Ul pattern modelling method. The perceptions of the students in Study Two
were statistically significantly better than the perceptions of the students in Study One

(Figure 8:11). Because more than one instructional change was implemented in Study
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Two and because of the inherent validity issues in comparing results between students
taught in different years no causal association can be proved. But these results are

encouraging and indicate further research is merited.

8.8 Conclusion

All three objectives have been met with a reasonable degree of certainty, therefore the
aim of this quasi experiment has been met. Clearly the Ul-patterns are acceptable,
confirming results from Study One and previous studies (Dearden et al. 2002a, b,
Chung et al. 2004, Lin & Landay 2008, Bernhaupt et al. 2009, Borchers 2001a, Cowley
& Wesson 2005, Koukouletsos et al. 2009). The changes implemented in this iteration
of Exercise One have definitely had a positive influence on student learning because the
resulting models are significantly better than those created in Study One. Due to several
changes being implemented simultaneously, conclusions can only be tentative until

further research can confirm the outcomes.

After considering all the data from the relevant parts of the patterns and exit
questionnaires, and the resultant Ul-pattern models, it is clear that the students found Ul
patterns were an acceptable medium for presenting them with Ul information. The
results show that the students considered the information in the patterns was presented
in an acceptable and understandable format, and that they found patterns to be a helpful
aid when completing the Ul conceptual modelling exercise. They also agreed that the
patterns encouraged and focused discussion with their partner when completing the
exercises. The quality of the models created by the students lends indirect support to
the acceptability of patterns for presenting Ul information to students. Similarly, the

students could apply the Ul-pattern modelling method and viewed it positively.

The fundamental findings of the first study were confirmed by this study. The students’
perception of the task of building the Ul-pattern model is positive, and they built well
structured models. The process of building the model also helped them develop an
understanding of pattern language structure. Incrementally modification of the

instructional materials and approach has lead to the improvement in student learning.
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Chapter 9: Study Two, Exercise Two -
Developing TUIC models

The primary focus of this pre-experiment is trialling the next process in the TUIPL
framework. The students are guided through using of a Ul-pattern model in the creation
of a TUIC model for the specified Ul. The aim of this study was to:

Explore the use of a Ul pattern language in the creation of Ul conceptual models

by student Ul developers.

The TUIC model combines Canonical Abstract Prototyping (CAP) components
(Constantine 2003a) with navigation diagrams (Constantine 1998). They are a type of

Ul conceptual model. To investigate the aim two objectives have been identified:

1. Determine whether the TUIC modelling method from TUIPL will support students
using Ul patterns as a guide to the creation of TUIC models.

2. Determine whether Ul patterns can be used by student Ul designers to gain new Ul

knowledge.

This exercise follows on from Exercise One (Sections 8.1) of this study. The
demographic data describing the participants can be found in Section 8.2. The analysis
methods are described in Section 6.8. The results from Exercise Two are presented,
followed by a general discussion with particular reference to the research objectives to

ascertain whether the research goal has been attained.

9.1 Background

This study investigates primarily aspects of the third of the main research questions
(Section 1.3). The students were first introduced to Ul-pattern models during Exercise
One because they needed to be familiar with these models before they could use them to
guide TUIC modelling, the focus of this second exercise.

The motivation for this study originally came from Alexander’s statement that “a
pattern must be drawable” (Alexander 1979, p267) indicating that drawings are
fundamental to Ul design patterns. The second driver was to introduce students to a Ul
conceptual modelling method that would help them identify the essential elements of
the solution without focussing on specific Ul widgets, as found in common tools boxes
in integrated development environments (IDE) with which they are familiar. The third

driver was to find an aspect of Ul knowledge with which students were not familiar
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with so the premise that students could learn new Ul information from Ul patterns could
be investigated. Using SE design patterns to teach good program design is now
standard practice (Shinichi et al. 2007, Kolfschoten et al. 2010).

A search of the literature found a few general Ul pattern languages that used diagrams
consistently to illustrate the solutions of the patterns (e.g. Constantine 2003b, de Paula
& Barbosa 2003, van Duyne et al. 2003, Seffah & Gaffer 2007). TUIC modelling based
on Constantine’s CAP and navigation symbols was developed for the conceptual model

diagrams to illustrate the solutions for TUI (Section 2.3.1.2).

9.1.1 Pre-Experimental Design
This trial is a pre-experiment (Adelman 1991). This type of research design is often

used in design studies where it is not possible to use other forms of experimental design.
There is no random selection of participants and there is no control for comparison
therefore the results are indicative only. This approach is useful for exploratory

research and for determining whether further investigation is warranted.

As stated earlier, the entire class agreed to take part in the study but due to time
constraints no pre-test was administered. It was known that the students had not been
introduced to TUIC modelling and had no prior knowledge of CAP and navigation
symbols. They also had no prior experience with the process from TUIPL for creating a
TUIC model.

9.1.2  Artefacts and Activities
The procedures and artefacts used for Exercise Two were similar to those of the first

exercise in this study.

Exercise Two
Introduce Create TUIC Evit
TU'Q TUIC Test Guestionnaire
modelling madel

Figure 9.1 - Tutorial procedure for Study Two, Exercise Two

Figure 9.1 provides an overview of the tutorial procedure used for this part of Study
Two. The process is similar to that used for Exercise One and starts with a
demonstration using the diagrams illustrating solutions in the patterns from the Ul-
pattern model to create a conceptual Ul model using the TUIC modelling components.



Chapter 9: Study Two, Exercise Two - Developing TUIC models 203

Forthe TUIC modelling exercise:

A diagrammed version of TUI

A pattern list with links listed

ALl example

A Ul-pattern model forthe LI

Instruction sheet cutlining the procedures
An answerworksheetforthe TUIC model
The TUIC test

The Exit Questionnaire

* % # # # #H #

Table 9.1 - Artefacts used by students in Study Two
Table 9.1 lists the artefacts the students used for the TUIC modelling exercise. The

example Ul was the same as used for Exercise One (Appendix A6, Section A6.3). In
addition the students were provided with an exemplar Ul-pattern model to guide their
TUIC modelling (Section A6.4). Providing an exemplar rather than have the students
use their own models created during Exercise One eliminates a threat to external
validity and makes comparison of the resultant TUIC modelling more reliable. The
TUIC test (Appendix Al13) was used to determine whether the students had learned
about CAP components. The TUIC model method used can found in Figure 5.5.

There is no directed teaching of these components.

The sections of the Exit Questionnaire these students completed included
Section A to collect background information;

Section B to collect data about the patterns;

Section C to collect student reflections on the proposed method used to build the Ul-
pattern model,

Section D to collect students opinions about the proposed method used to build the
TUIC model and

Section E to collect student views on communication with their partner.

9.2 Results from Exercise Two

This research investigated the application of the proposed method for TUIC modelling
and also whether Ul patterns can convey new information to students. Similar to the
previous experiments, four different forms of data collection were used: observation,
scoring the resultant TUIC models, a short test covering use of TUIC modelling and an

exit questionnaire.

The results of analysing the data are summarised in the following sections.
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9.2.1 Observed Behaviours
In each of the twelve Cases (Section 8.4.1) students worked co-operatively on the same

assigned exercise to create individual Ul-pattern models. A series of digital
photographs was taken at regular intervals by the photographer, rotating around the
students in the same order during the exercise. The images provide a sequence of
snapshots that indicate what the students were doing and the artefacts they manipulating
as they completed their TUIC models. The objectives used to guide the analysis of the

observation data are similar to those for Exercise One:

1. To ascertain whether the students are following the proposed pattern-guided TUIC

modelling method.
2. To identify ways the students manipulate the artefacts.
3. To identify how the students used the Ul-pattern model to guide their TUIC models.

The description of each Case is in Appendix A21. The analysis of the image sequences
show that the students followed the proposed pattern-guided TUIC modelling method
with minor variations. They started by becoming familiar with the Ul-pattern model

and the patterns describing the UI.

Figure 9.2 - Layout of a workspace showing Ul and Ul-pattern model side-by-side
In most cases the students started by placing the Ul and the Ul-pattern model side-by-
side on the workspace so both were visible throughout most of the exercise. In some

cases they also place the TUIC components list prominently as shown in Figure 9.2.

In two cases (6 & 11) students were observed sorting out the subset of patterns
matching the Ul-pattern model following Step A. Seven other cases (1, 5, 6, 8, 10, 11
& 12) delayed this step until they were building the lower more complex levels of their

models.
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Figure 9.3 - Flipping through pile to locate the required pattern
Most students simply flipped through the nineteen patterns to find a pattern of interest
as shown in Figure 9.3. In some cases students appear to have reversed Steps A and B.
This behaviour is understandable. To understand the TUIC model diagrams illustrating

the solutions for each pattern it is necessary to study the TUIC components first.

The other deviation was to use domain-specific labelling as they worked on their
prototypes rather than just using generic CAP symbol labels and updating them to
domain-specific labels at the end. Using domain-specific labels appears to have been
easier as prototyping progressed. In most cases (3, 4, 7, 8, 9, 10 & 11) the students
appear to have only used generic names when they weren’t sure what domain name to
use. This explanation fits with the fact that a number of completed models still had
some generic labels (cases 2, 5, 6 & 12)) even though there was evidence of rub marks

showing some names had been updated.

Figure 9.4 - Images showing a depth-first approach compared to a breadth-first approach
to TUIC modelling

Two clearly different approaches to TUIC modelling were observed as shown in the
Figure 9.4. Some students tended more to a depth-first approach while others used a
breadth-first approach. The depth-first group completed all details for each of the three
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main interaction spaces in turn. The breadth-first group added a container symbol for
each of the three main interaction spaces first, before returning to completing lower
level details. More interaction with the Ul-pattern model is seen as the students
completed Steps D and E. They clearly used the Ul-pattern model and the annotated Ul
to guide the selection of the patterns required so they could complete the next stage of
their TUIC model.

' e —f—‘_gr______;; ‘
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"~ e
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/ 5 — Comen
| S o Conlent. mont Acions.
(0= Groups Wi Titles || 8 — Coftector 822 Emvironme

7 =
g — Painter
17 - Fohing 16 n /
Toxt ENOTY. shows.affordance

S
19 — Good Detaults

Figure 9.5 - Examples of recording patterns used by marking pattern nodes or pattern ID
numbers

As shown in Figure 9.5 the other use made of the Ul-pattern model was to mark off
pattern nodes to track progress as TUIC modelling progressed (cases 3, 5, 7, 8, & 11).
Three Students were also observed keeping track of progress on the Ul (cases 3, 6 & 9).
Some students (cases 4 & 11) opted to create draft TUIC models on scrap paper before

transferring the completed model to the tutorial worksheet (Appendix A7).

Although there was some pointing captured in the images most focus behaviour was in
the form of laying a number of artefacts next to each other on the workspace.

Case | Anneated | ULPALEM | payerns | TUIC model mmTpL;_'EEm Other
7 5 7 7 g 7

7 5 5 5 5

3 5 5 7 7 7

4 3 5 5 ¥ 3 7
5 5 3 5 7 7

5 3 i i 5 5

7 7 5 3 7

2 5 5 3 5 7
9 7 7 7 5 3
10 3 7 g 7

11 1 i i 5 ]

12 5 B 5 ]

Table 9.2 - Count of items focused on during TUIC modelling exercise
The collated focus counts organised by Case are shown in Table 9.2. These counts are
indicative only. None of the images captured students in Cases 2 and 7 focussing on the
patterns even though it is clear they had been moved between successive images.
Images capturing students focussing on pattern content was less frequent than expected
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but this may be because of the cramped conditions that restricted the photographer,

resulting in limited views of the students’ work area.

Later, two images were taken of each workspace to give a wider view and these often
show the relevant patterns positioned to one side rather than on top of the Ul and Ul-
pattern model. These were normally positioned between the two students as shown in
Figure 9.2.

Two main activities can be identified. Firstly, using the Ul-pattern model to identify the
next pattern to select. Secondly, assessing information, presumably trying to understand

the TUIC model diagrams and how they relate to components seen in the exemplar Ul.

The number of times the students were captured actively working on or apparently

discussing their TUIC models also indicates they were fully engrossed in the exercise.

The students clearly followed the proposed pattern-guided TUIC modelling method. As
they worked they were mostly observed comparing the different artefacts and were seen
to be regularly referring to the Ul-pattern model. For example some students marked
off the patterns they had modelled as they worked on creating their TUIC models.

9.2.2  TUIC models
The objectives for building a Ul conceptual model using the TUIC modelling approach

from TUIPL are to help the students:

1. Discover whether they could use the information contained in the patterns defined

by the Ul-pattern model to create reasonable Ul conceptual models.
2. Develop an understanding of TUIC modelling using TUIC components.

The marking scheme is in Appendix A15 and the individual marks for the models are in
Appendix A20, Section A20.2.

The students had had no experience with creating TUIC models and only an hour’s
exposure to the TUIC components and diagrams before creating their models.

No. 100% . ) o standard
. min max average . .

correct deviation
Percentage of appropriate TUIC components 3 S6%  100% 79% 0.13
Percentage potential TUIC components 0 42% 83% B0% 0.13
Percentage of correct nesting 7 33% 100% g1% 0.17
Percentage of appropriate labels 2 45%  100% 83% 0.14
Cwverall Score 0 44% 96% 7% 0.14

M=224
Table 9.3 — Scores for the TUIC models created using the exemplar Ul-pattern models
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The scores the students’ TUIC models gained are high, with an average of seventy-six
percent (A) as shown in Table 9.3. The averages for three of the four parameters used
to score the models are also very high being seventy-nine, eight-one and eighty-three
percent respectively. All but one student gained an overall score greater than sixty
percent and five students gained an overall score of ninety percent or better. Of these
five students, two scored one hundred percent for their labelling, three gained one
hundred percent for the percentage of appropriate TUIC components used and the

nesting in all five models was completely correct.

(A) (B)

Figure 9.6 - Representations of the collection of information
The students worked cooperatively with their partner. Half of them chose to submit
equivalent models but even where they created different models the basic structures
were similar. One group of students used a very realistic representation (Figure 9.6 - A)
and another used the correct abstract representation (Figure 9.6 - B). In two cases

students used a mixed representation.

Visual representation | Mixed | Abstract representation
Cases 1,3,5,6 10, 12 2,4,7.8,9 M1

Table 9.4 - Representation of the table structure used in TUIC models
Table 9.4 identifies the Cases using the distinct styles of representation. This interesting
result probably shows that even though the students had a correct exemplar diagram to

follow the strong visual stimulus of the Ul example dominated their thinking.

These results demonstrate that the students used the information from the patterns to
create good quality TUIC models. They developed sufficient understanding of TUIC

modelling using TUIC components.
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9.2.3 TUIC Components Test
The objective for this short test was to:

1. Discover whether the students had developed an understanding of some of the TUIC
components from just examining examples in the Ul-patterns and working with

them to complete a simple TUIC model.

The TUIC test is in Appendix A13 and the marks for the tests are in Appendix AZ20,
Section A20.5.

Only the CAP symbols of TUIC components were tested, not the navigation symbols.
The students each completed their own test but most chose to collaborate with their
partner. Six students did not complete all parts of the test (Appendix A20).

Range Number of students
0-2 2 CAP Questions
2-4 4
46 4 2 12
G-8 1 § 10
3-10 3 5 2 i
T0-12 10 2 4 -
=24 'g 2 | -
— _12 é 0 |:| T T T = T D\i
min 0 0-2 24 4-6 6-8 8-10 10-12

average | 8.1 Range of Marks

standard deviation | 4.0

Figure 9.7 - Scores gained in the TUIC test
The results are shown in Figure 9.7. These results indicate that the students developed a
basic understanding of using a subset of the TUIC components. It is clear, that weaker
students struggled to understand them. Even taking into account that many students

worked in pairs the average score is high.

9.24 Exit Questionnaire
The Exit Questionnaire contained sections covering both Exercises One and Two. The

section covering Ul-pattern modelling is discussed in Section 8.4.4. The two sections
specific to TUIC modelling and the sections related to both exercises, are discussed

below. The objectives for these sections of the questionnaire were to:
1. ldentify those parts of the Ul patterns that students considered useful.

2. Determine whether patterns helped students communicate relevantly with their

partners.

3. Determine whether the method for introducing students to TUIC modelling was

successful.
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The Exit Questionnaire is found in Appendix Al12. The numeric data is in Appendix
A20, Section A20.6 and the comments in Appendix A22.

Although responses to the patterns and communication sections by implication covered

both exercises they did not explicitly focus students on their experiences in either

exercise.

Section Most Useful | Least Useful
Identifier-rMame 3 1
Context G

Froblem 3] 3
Forces 1 G
Salution 2

Diagram 10 2
Reference G

Discussion 3 11
Examples g

Table 9.5 - Sections making up a Ul pattern
As found in Study One, students have a preference for illustrations. All pattern sections
were ranked as most useful by at least one student. Table 9.5 shows that the TUIC
model ‘Diagram’ illustrating the solution was considered the most useful section and the
illustrative ‘Examples’ next most useful.  Rankings were supported by the
accompanying comments, for the ‘Examples’ “helped relate an unfamiliar concept to
things commonly encountered” and for the ‘Diagram’ “gave us a quick reference point”.
The “Discussion’ and ‘Forces’ sections were identified as the least useful sections, but
still had supporters. Two students commented that they could use the patterns
successfully without reading the discussion section. The ‘Context’, ‘Solution’,

‘Reference’ and ‘Examples’ sections were not considered by any student as least useful.

Diagram helpful
‘fes 149
Mo 4

Table 9.6 — Responses to whether the diagram helped identify essential parts of the
solution.

Table 9.6 shows the answers to the question explicitly asking whether the TUIC model
diagrams were helpful were very positive, as were the supporting comments. The
comments made by two of the students who did not find the diagrams helpful were not
particularly negative. For example one said “The diagrams alone doesn’t quite help to
get the big picture of what it’s [the pattern is] about” indicating that they needed to read

the accompanying narrative.
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Communication aid

Communication Aid Count 1

Very helpful 2 :

Reasonably helpful g

Helpful g &

Matvery helpful 3

Unhelpful i l
n= 23 0 J

Extremely Reasonably  Ussful Mightbe  Absolutely
useful useful useful useless

Num Students

SR

Figure 9.8 - Impact using patterns had on aiding communications

The students definitely considered that patterns helped them communicate appropriately
with their partners while completing the modelling exercises, as demonstrated in their
responses to the directed question (Figure 9.8). The patterns became a focus for starting

relevant discussions and gave some students confidence that they were keeping on topic.

Due to the delayed start the tutorial ran late. In consequence only nineteen students
choose to complete the final part of the exit questionnaire which covered the TUIC
modelling task.

Building TUIC model

TUIC modelling Count

7
Very helpful 3 :
Reasonably helpful .
Helpful 3
Motvery helpful 2
nhelpful 1

1]

n= 18

Num Student

e B8 O oy ] s}

“ery helpful  Reasonably Helpful Motvery Unhelpful
helpful helpful

Figure 9.9 - Students’ opinions of the influence using patterns had on learning TUIC
modelling

Figure 9.9, shows that these students found patterns were very helpful in learning TUIC
modelling. Comments indicate that they considered the TUIC modelling method was
useful and that patterns increasing their Ul knowledge and improved their
understanding of Ul concepts. None of these students identified any specific problems
or offered any suggestions for improvements to the method. One student commented

that “It’s clear enough to understand too”.

Patterns were seen to be useful and the majority of comments about the TUIC modelling
exercise were positive. One student considered they would be able transfer the
knowledge gained, saying “able to create a Ul conceptual model for other user
interfaces”. Two other students summed up the whole tutorial by commenting “Very

good tut [tutorial] and very useful” and “Enjoyed doing the exercises”.
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9.3 Discussion - TUIC Modelling Trial

Results from the data analysis are triangulated and related to the two objectives of this
trial. Firstly, the discussion considers whether students could successfully create TUIC
models by following the proposed conceptual modelling method, and whether the
students learned how to use TUIC components. Secondly, the conclusion consolidates

findings to determine whether the aim for the pre-experiment was attained.

9.3.1 Objective One — TUIC modelling
The second process in TUIPL developing a TUIC model based on the Ul-pattern model

(Figure 6.3). The data about building these Ul conceptual models comes from
observing the students while model building, scoring the resulting models and responses

to the Exit Questionnaire.

Reversed Tracking Tracking progress
Steps A & B | progress on Ul | on Ul-pattern Model

Casg 2 3.6,9 3.5 7.8 M 4,11 1,2,4,5 7, 10,11, 12

Creating Draft | Reviewing TUIC model

Table 9.7 — Summary of modifications students made to the
TUIC modelling method.
The analysis of the sequences of images taken while students completed their TUIC

models indicated how the students applied the proposed method. Table 9.7 summarises
the changes the students made to the proposed TUIC modelling method. Based on these

observations a modified method has been proposed.

Y

A-TUIC E— exemplar - create D—-add TUIC
symbol  [HejUl-pattern model - averall detailed from next
Familiarisation familiarisation interactionspace pattern in exemplar

.| E— Keep track F- Review
7| ofprogress TUIC model

¥
¥

Step A. Become familiarwith the TUIC components and the Ul specification.

Step B. Find the subset of Ul patterns used in the Ul-pattern model and
become familiar with how they describe the example UL

Step C. Starting with the top pattemn, examine the solution and the TUIC
model diagram for an overview of the model you are to create.

Craw an outline space and label it to reflect the Ul domain.

Step D. Work down the Ul-pattern model using the TUIC model diagrams
illustrating each pattem to guide your modelling. Use lower level
patterns to refine the model. If necessary use generic CAP symbols
and names otherwise use specific CAP symbols and domain-
specific labels.

Step E. Keep track of your progress by marking pattern nodes used, an the
Ul-pattern model. Repeat from Step D till finished.

Step F. Review your model. Refine TUIC components and ensure labelling
reflects the Ul domain.

Figure 9.10 - Updated method including tracking progress and reviewing
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Students apparently had no need to discard the non-relevant patterns as suggested in
Step 1. One possible explanation for this behaviour is that having just completed
creating their own version of the Ul-pattern model using the same set of patterns, they
felt sufficiently familiar with the patterns to not need to sort them at the start of the
exercise. Another explanation is that because the pattern set contained only nineteen
patterns, leafing through the full set to find a specific pattern was reasonably easy
(Figure 9.3). As their TUIC models developed most students extracted a subset of

patterns to work with.

Figure 9.10 shows that the modifications based on observations results in a method that
remains essentially the same as the original. Although familiarisation was initially
directed towards understanding the Ul-pattern model, exchanging Steps A and B is very
reasonable for those students thinking ahead to creating a TUIC model. Because each
pattern has a TUIC model diagram studying the TUIC components should improve
interpretation of each pattern’s solution while examining the Ul-pattern model. An
additional directive was added to this step; to become familiar with how the patterns
describe the example Ul. This was not explicitly stated in the original method. This

new wording emphasises reviewing the Ul-pattern model and associated pattern content.

The wording for Steps C and D are similar although combined with the old Step E.
Additional phrases have been added directing the students to use Ul domain-specific
labelling because this is what many students did. Minor wording changes refer students
to the TUIC model diagram.

Two new steps, E and F have been added. Step E encourages tracking progress by
marking patterns on the Ul-pattern model. Step F is a review step because in seven

cases students were observed reviewing their models.

The method encouraged students to use the Ul-pattern model to guide their selection of
the next pattern required to create their TUIC model. The students needed to consult the
TUIC model diagrams in each pattern, therefore it was expected they would find these
diagrams most useful. From analysis of the images of students working on this exercise
it was clear that students focus on both the annotated Ul and the Ul-pattern model. The
observations and students self-reporting indicate that patterns aided the student’s
communications with their partner. Clearly the students were fully engaged with the

learning experience and the TUIC models they created were very good. The average



214

score was seventy-six percent (Table 9.3) with a range of forty-eight percent to ninety-
four percent.

None of the students identified any problems with the steps in the process they were
asked to follow when creating their models. Five students who commented on the
method indicated that they found the process clear, enjoyable and useful. Two indicated
that they had difficulty with the limited time.

9.3.2 Objective Two — Learning
To be able to determine whether Ul-patterns could be used by students to gain new Ul

knowledge it was important to establish:
1. That the type of knowledge was unknown to the students.

2. That the knowledge was suitable to embed within the current course work, could be
learned in a relatively short period of time (less than 100 minutes) and was relevant
to Ul design.

3. That assessment tools could be used to establish whether learning had taken place.

Two assessments were used. The TUIC models built by the students tested whether the
students had learned to apply the TUIC modelling method. The TUIC test assessed
whether the students understood and had learned how to use the notation, specifically
the CAP symbols.

Responses to the question in the exit questionnaire confirmed that none of the students
had had any prior exposure to the TUIC components, CAP and navigation symbols.
Constantine says that the CAP notation was created to be

“easy for even inexperienced designers to interpret the diagrams and infer the

meaning of the notation (Constantine 2003a, p4)

The students’ responses confirm this belief because they found TUIC modelling was
relatively easy to understand. In the first exercise students had their attention drawn to
the TUIC model diagrams illustrating each pattern’s solution, although no instruction
was given on how to interpret these diagrams and the key to the symbols used in the
diagrams was not available. However fifty-two percent of the students reported that
they could understand these diagrams (Figure 8.8) and an even larger proportion (78%)
of the students agreed that the diagram helped them identify the essential parts of a
pattern’s solution (Table 9.6).
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The second exercise was designed so that students would use knowledge gained from
studying TUIC model diagrams illustrating each pattern to create their own TUIC model
of the existing Ul. Scores for the students’ TUIC models (Table 9.3) indicate whether
the students gained a working knowledge about creating TUIC models. The scores
averaging seventy-six percent with a range of forty-eight percent to ninety-four percent,
confirming that most students gained a good understanding of TUIC modelling.

After the modelling exercise the students completed the TUIC test. Results for this test
were also very good (Figure 9.7). Thirteen of the twenty-four students scored ten or

more out of twelve.
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Figure 9.11 - Scatter graph of correlation between TUIC model scores and TUIC test
questions

Although the sample size is small (n=24) the results of scoring the models were
compared to the scores obtained in the test. Figure 9.11 is a scatter graph of this
comparison. The relationship is positive with a correlation coefficient of 0.65 which is
significant at (p =0.001). The null hypothesis that there is no correlation between the
two sets of marks is rejected. These results are only indicative because students were
encouraged to cooperate while building TUIC models and some students also
cooperated when completing the test. Finally, further support comes from the students’
perception that they had learnt about TUIC modelling from using Ul patterns.

9.3.3 The Aim of this Pre-experiment
Given the major limitations of a pre-experiment, the positive results presented above are

only indicative. It is clear that these students could successfully follow the TUIC
modelling method from TUIPL. The students created very good TUIC models and their

opinions were that the method was relatively easy to follow and they also considered Ul
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patterns were helpful. The results from both the test and models show that students had
developed an acceptable understanding of the TUIC notation and gained sufficient
knowledge to apply the notation to create creditable models. Therefore it is reasonable
to state that the aim of this pre-experiment to investigate the use of a Ul pattern

language to guide the creation of Ul conceptual models by students has been satisfied.

9.4 Discussion — Research Question Two

The two studies (Chapters 7, 8 & 9) reported so far comprise the first iterations of the
Design study. These two studies explored aspects of how to assist students learning
about and through Ul pattern languages. They are directly investigating student
learning and the second research question is entirely concerned with teaching students.
In the following discussion the results from the three experiments are triangulated to
assess whether the second research question has been satisfactorily answered.

Question Two: Are there any specific requirements of a Ul pattern language when

used for teaching student Ul designers?

To answer this research question not only does the impact of pattern language structure
on student learning have to be addressed but also aspects of the structure and content of
the Ul-patterns forming the pattern language. The answer requires evaluating whether
students can learn new knowledge by using the pattern language and elucidating their

opinions of Ul patterns as a way of presenting Ul knowledge.

Pattern Exit

Study Objective Observations| Models Questions | Questions
1. Determine whether Ul patterns are an
1 acceptable mediumforpresenting LI Yes Indirectly. Ava. es

information to students

1. Confirmthat Ul patterns are an acceptable

2 medium for presenting Ul information to Yes Indirectly Avyg. a5
students
2. Investigate whetherillustrated examples
1 impact students understanding of patterns T-test Chi# fes

and pattern languages

4 Discoverwhetherbuilding a Ul-pattern mode
1 develops studentunderstanding of U Indirectly
patterns and pattern language structure.

Indirectly | Indirectly

Correlation Indirectly

3 Discoverwhetherimplementing the findings
2 from Study One helped students build better|  Indirectly T-test Indirectly | Indirectly
Ul-pattern models

TUIC Test

4 Determine whether Ul patterns can be used
2 by student Ul designersto gain new LI Indirectly Avg. Avyg. a5
knowledge

Table 9.8: Overview of findings from Studies One and Two that support the second
research question
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Table 9.8 lists the objectives from Studies One and Two that relate directly to the
second research question. The table provides a summary of the findings from the four
types of data collected. Where the results indirectly support the objective the findings
have been prefaced with the word ‘“indirectly’. Where a quantitative measurement was

made the type of test used, i.e. t-test, chi-square or averages have been indicated.

All the evidence that the students’ developed an understanding of the structure of a
pattern language is indirect. Also the activity of building the Ul-pattern model and the
structure of TUI will both influence whether students’ develop a satisfactory
understanding of the pattern language’s structure. These influences cannot be separated.
Furthermore, because more than one modification was implemented between the two
studies no one modification can be directly credited with improvements in student

performance.

9.4.1 Ul patterns are acceptable
To meet the first objective for Studies One and Two (Table 9.8, rows 1 & 2) students

need to have agreed that Ul patterns are an acceptable form for presenting Ul
information. They should also have been able to use the patterns in a constructive
manner as demonstrated by creating Ul-pattern models and TUIC models.

The evidence for Ul patterns being an acceptable medium for presenting Ul information
to students comes from responses to the Pattern Questionnaires statements, which were
very encouraging (Figures 7.7 & 8.7). Students’ opinions collected in the Exit
Questionnaires also indicate that patterns were an acceptable method for presenting Ul
information, especially in aiding communication when working collaboratively (Figures
7.17 & 9.8). This evidence confirmed the findings of a number of previous studies
(Borchers 2001a, 2002, Cowley & Wesson 2005, Koukouletsos et al. 2009).
Koukouletsos (2008) summarises the pedagogical value of Ul patterns identifying them
as organising and structuring knowledge in an accessible format thereby making that
knowledge easy for students to understand, learn, remember and apply. In this research,
students were observed to become fully engaged in both the Ul-pattern modelling
exercises and the TUIC modelling exercise. Students responded positively to using the
Ul patterns in the modelling exercises they completed (Figures 7.16, 8.10 & 9.9).
Observational data showed that students used the patterns actively to solve the
modelling exercises, with images showing students consulting, pointing to and
comparing patterns (e.g. Tables 7.6, 7.7, 8.3 & 8.4). Transformational model building
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activities also indicated that students were actively engaged in using the patterns (Tables
7.17 & 8.5).

In studies One and Two, the average score for the Exercise One Ul-pattern models were
60% (B) and 72% (B+) respectively, indicating that students could use the Ul patterns
reasonably successfully. Stronger evidence for patterns being acceptable comes from
Study Two where thirty-three percent of the Ul-pattern models created consisted
entirely of appropriate patterns and links. The average scores for the TUIC models
created during the second exercise in Study Two were also high at 76% (A-). Other
researchers (e.g. Dearden et al. 20023, b, Finlay et al. 2002, Koukouletsos 2008) have
also found students can create creditable Ul designs when using Ul patterns. Clearly
students can use Ul-patterns constructively, providing evidence that Ul patterns are an

acceptable medium for presenting Ul information to students.

9.4.2 Impact of lllustrations
The literature review indicated that both novice designers and students could place

excessive reliance on either the pictures located at the beginning of many Ul patterns
(Dearden et al. 2002a, Chung et al. 2004, Sharp et al. 2003, Finlay et al. 2002) or on the
illustrated examples within the body of the pattern (Koukouletsos 2009). This
phenomenon is supported by the results of this research. Students who worked with the
narrative version of TUI were significantly better at finding the appropriate
relationships linking the patterns. Finding links relied on careful reading of the context
and reference sections of each pattern. Some students also self-reported they had given

undue attention to the illustration.

There is a widely accepted maxim that “pictures are worth a thousand words” but
educational research indicates that the type of picture can greatly influence students’
interpretation and understanding of accompanying text (Carney & Levin 2002). In the
condensed form of information packaging that comprises a Ul pattern, it is important

that the illustrations have a positive impact on learning.

The image placed near the beginning of a Ul pattern should be sensitising and
memorable (Graham 2003). This description seems to fit the transformational type of
illustration. Alexander (1979) describes this initial picture as an archetypical example
which describes a ‘representational’ illustration (Carney & Levin 2002). According to
the classification system described by Carney and Levin (2002), if the selected

illustration is representational some improvement in learning should be indicated when
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comparing the use of narrative-only patterns with illustrated patterns. If the illustration
is transformational then it is reasonable to expect that a marked improvement in
learning should be observed. The comparison of marks for the Ul-pattern models
students built in Study One, Exercise One comparing narrative and illustrated pattern
forms, were not significantly different. This indicates that the large image of an
example Ul placed near the beginning of a pattern is not transformational. This image
can be classified as representational because the improvement in marks for selecting
appropriate patterns was weakly significant when students worked with the illustrated

patterns.

The diagrammed version of TUI included TUIC model diagrams illustrating the
essential elements of each solution. These diagrams were the only illustration appearing
on the front page of the physical layout of the pattern. These diagrams can be
categorised as ‘interpretational’ illustrations. Interpretational pictures should improve
student learning more than using just representational pictures (Carney & Levin 2002).
This new pattern form retained the representational pictures but these were placed at the
end of the pattern and reduced in size. Reducing the size of the archetypal illustrative
example and moving it, was not observed to impede students’ use or acceptance of the
patterns. The Ul-pattern models created using the diagrammed patterns in Exercise One
of Study Two scored significantly better marks than those created during the same
exercise in Study One. This result needs to be treated with caution because the two
student groups came from different enrolment years and some unknown factor in the
background of each student group may have influenced the results. Similar validity
issues are a known problem with Design Studies (Bell 2004). In this research both
groups of students satisfied the same set of prerequisites to enrol in the HCI course, the

faculty were the same, and the lecture programme and assessments were comparable.

9.4.3 Ul-pattern Language Structure
Patterns selected when creating TUI were relatively simple. Any pattern that had the

potential to distract students from focussing on pattern language structure was not
included. Patterns relating to the behavioural or social aspects of Ul design were
eliminated because most of these patterns were considered too abstract. Support for this
decision is found in research by Borchers (2002) who reported that even graduate
students had difficulty with both granularity and abstraction. Koukouletsos (2008)
reported that undergraduate students had difficulty with compound patterns compared

with simple patterns that related directly to a Ul component. Compound patterns
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seemed to “require more attention from students” (ibid, p229) than they were able to
give when first using Ul patterns. Only spatial and temporal descriptive patterns were
retained. These restrictions ensured that the Ul-pattern models created using TUI linked

into a single hierarchical network.

Observations show that while students were completing Ul-pattern models the number
and type of questions related to pattern language structure were minimal during Study
Two. This behaviour contrasted strongly with that observed in Study One where many
questions were asked about how to use the structure of the pattern language, and also
about the inconsistencies between context and reference sections of linked patterns.
These observations indicate that building the Ul-pattern model probably focussed
students’ attention on the structure of the pattern language. The building of
intermediate representations (Tables 7.17 and 8.5) also demonstrated that students were
using the pattern language structure when creating their Ul-pattern models especially
list marking and hierarchy building.

The Ul-pattern modelling method used to introduce the students to TUI directed them to
use the structure of the pattern language to build Ul-pattern models. The strongest
evidence that they were actively using pattern language structure comes from the
correlation of the link types the students used and those present in the version of TUI
they were using for Study One (Table 7.12). This version of TUI was moderately
mature (14) which is commensurate with existing real world pattern languages (Figure
4.4). The other evidence is the quality of the Ul-pattern models created in both studies.
The students in Study Two worked with an internally-valid version of TUI that was
fully mature (19). Forty-six percent of these students’ models contained no invalid links
but in Study One all models contained at least one invalid link (Table 8.15). In this
version of TUI only basic relationships were mentioned in the context and reference
sections of each pattern, with all non-basic relationships described in the discussion

section.

9.4.4  Gaining New Ul Knowledge
Seffah (2003) clearly considered Ul patterns could support both learning and teaching in

an educational setting. He saw Ul patterns as a useful tool that captured good Ul design
practice and could be used to transfer such knowledge to student learners. A number of
studies support this view and indicate that students produced better Ul prototypes when
working with patterns (Laakso et al. 2000, Griffiths & Pemberton 2004). Only
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Koukouletsos et al. (2009) confirmed that the students in his study had no prior
usability knowledge. The resultant prototypes were scored on usability features. He

found that learning from patterns had occurred, saying:

“The results of the experiment indicate that patterns ... can support novice

designers in learning and applying usability principles” (Koukouletsos 2008, p272)

The research reported in this thesis also supports the premise that students can learn new
Ul knowledge from using patterns. The students in Study Two had no prior knowledge
of TUIC modelling but they created good TUIC models with an average grade of A-
(Table 9.3). Further analysis showed that if the comments were not included in the
scoring scheme then eighty-four percent of the models had less than two missing CAP
symbols. The scores for the TUIC test were similarly high with thirty-three percent of
the students scoring one hundred percent (Figure 9.7). There was a significant positive
correlation (coefficient = 0.65 at p=0.001) between the two assessment methods. The
students also reported that they learnt new knowledge from using the patterns and that
using TUI helped them learn about TUIC modelling (Figure 9.9). These results support
the premise that students can learn new information from working with a Ul pattern

language.

9.45  Specific Requirements of a Ul Pattern Language for
Teaching
The discussion above provides sufficient evidence to have confidence that when

introducing students to Ul patterns and having them use Ul patterns to guide Ul design
activities, to help improve their learning outcomes the pattern language used should:

1. Beinternally valid.

2. Use a pattern form that is written so only basic relationships are identified in the

context and reference sections of the pattern.

3. Use a pattern form that is written so non-basic relationships are identified separately

from the context and reference sections, for example in the discussion section.

4. Use a pattern form that includes illustrations of archetypical examples. These
should be placed in a less prominent position than the beginning of the pattern form

and reduced in size so as not to draw undue attention to them.

5. Use a pattern form that includes diagrams identifying the essential elements of the

solution, for example an interpretational illustration such as TUIC model diagrams.
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9.5 Conclusion

After presenting the results from the pre-experiment investigating students using TUI to
guide the creation TUIC models, a discussion followed to demonstrate that the
objectives for this experiment have been met with a reasonable degree of certainty,
within the limitations of the pre-experiment process. A number of different data
collection techniques, both qualitative and quantitative, were used and the results from
the analyses have been triangulated. Due to the very positive results it is reasonable to
state that the aim for this pre-experiment has been satisfied.

The data for assessing whether the research aim has been met comes from the
observations, the students” TUIC models, the TUIC test and the relevant section of the
exit questionnaire. Crucially, it was established that the students had no prior
knowledge of TUIC modelling. TUIC modelling is reliant on the availability of a Ul-
pattern model matching the target Ul. The analysis of the images shows that students
repeatedly referred to both the Ul-pattern model and the annotated Ul example, as they
selected patterns to complete their TUIC models. The students’ perceptions of applying
the TUIC modelling method were positive and they considered that the patterns had
been useful in helping them learn about TUIC modelling. Students were shown to be
able to use the TUIC modelling method from TUIPL to create models of acceptable
quality. They learned to use the TUIC components from working with the TUI patterns,
demonstrating that a pattern language can be used successfully to teach students new Ul
knowledge.

This pre-experiment concluded the set of experiments that trialled different aspects of
using TUIPL and TUI with students in a class-room setting. The chapter concludes
with a discussion answering the second research question that guided this research and a
set of requirements for a teaching Ul pattern language that should improve student

learning outcomes was defined.
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Chapter 10: Study Three - Pattern Guided Ul
Design
This study investigates whether the first two processes in the TUIPL framework can
guide the development of a design for a new user interface from user requirements
(Figure 5.2). This complements the processes tested in the previous two studies. The
investigation consists of three case studies which explore the viability of Ul-pattern
modelling and the TUIC model with experienced software developers to ascertain their
opinions. The unit of study comprises the first two processes in the TUIPL framework
along with associated tools and techniques. The study uses a scenario in an exercise

situation.
The aim of this study was to:

Explore whether the proposed Ul pattern guided design method would provide
students with an authentic Ul design experience.

To examine this aim the following two objectives were identified:

1. Determine whether Ul developers could learn and apply the first two methods in the

TUIPL framework to develop conceptual Ul models for a new user interface.

2. Determine Ul developers’ opinions of the viability of the first two methods in the

TUIPL framework in a professional setting.

To meet the objectives each participant needs to be able to comprehend the Ul patterns
and the structure of the pattern language. They should be able to create a Ul-pattern
model from the requirements documentation for a new user interface and then use the

Ul-pattern model to guide the development of a TUIC model for that UI.

10.1  Protocol Design

This study is exploratory and using a multiple descriptive case study approach. It
consists of three case studies that examine the pattern-guided Ul design method. The
researcher acted as a participant-observer. The researcher introduced the participants to
the two design methods: Ul-pattern modelling and TUIC modelling. During the design
exercises the researcher supported the participant’s modelling efforts.

After the initial introduction to the research the participants who agreed to take part
complete two further sessions. Data was collected using similar methods to those

employed in the earlier studies (Section 6.3). Descriptions of the observations, the
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artefacts created, the data from the questionnaires and ideas from the unstructured

discussion that concluded each session.

Results are described as a within-case analysis where each case study is analysed
separately. They can be found in Appendix A24. After the within-case analysis a
cross-case analysis is carried out (Yin 1994, Flyvbjerg 2006). The cross-case analysis is
reported below. It identifies similar patterns of response, comparing and contrasting

results of the within-case analyses.

10.1.1 Artefacts and Activities
The procedures and artefacts used for this Study are similar to those used for Study Two.

Session 1

Introduce
Research
& TUIPL

Session 2 Session 3
Introduce Create Exit Introduce Create Exi

Followup Hit Followup
Ul-pattemn 9{ Ul-pattermn > questionnaire [ Discussion (7] Tuic 9{ TJIc Questionnaire [ 7] Discussion
modelling modelling modelling model

Figure 10.1 - Case study procedure for Study Three (Copy Figure 6.11)

Figure 10.1 provides an overview of the procedures for each of the sessions for the three
case studies. The list of the tasks for each of the three sessions is in Appendix A30.
The introductions to each of the modelling methods involved the participant reading
some material and the researcher demonstrating the actual modelling method using the
workbook as a guide. The participant could ask questions to clarify points and could

also stop the demonstration while referred to the workbook.

For the introduction:

* Information Sheet

* Ethics ConsentForm

* Background Section of questions

* A set of patterns

For the Ul-pattern modelling exercise: For the TUIC modelling exercise:

* The Ul requirements The Ul requirements

* Introductory Ul-pattern modelworkbook Introductory TUIC modelling workbook
* A set of patterns A set of patterns

* A pattern list with links listed A pattern list with links listed

An answerworksheetforthe Ul-pattern model A Ul-pattern model farthe LI requirements
The Exit Questionnaire An answerwaorksheetforthe TUIC model
The Exit Questionnaire

The patterns Questionnaire

* & &4 % # # # &

Table 10.1 - Artefacts used by participants in Study Four
The artefacts for each of the three sessions are listed in Table 10.1. The relevant
sections of the Exit questionnaire for this study were administered separately at the end

of each of the three sessions.
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The first two procedures in the TUIPL framework are trialled. The detailed steps
defining the development of the Ul-pattern model and the development of the TUIC
model from an existing Ul have been modified to describe the development of a new UI.
The changes include replacing the existing Ul with high-level Ul requirements
documentation for the new Ul. The observations of students working with the
simplified versions of these two methods in studies One and Two (Figures 5.4 & 5.5)

influenced the development of the full methods.

The methods presented to the students described a simplified top-down approach. The
full methods are more flexible so that top-down, middle-out or bottom-up approaches to
modelling are all possible (Yourdon 1989). The user is not directed to start by selecting

from just the subset of potential root patterns.

A - pattern familiarisation

.

B —examine Ul requirements

.

T — identify spaces & actions

P —
- e —

£- select patterns E—use context F sk reference G- puild-u
describing 1-or-more | || Jiststofind linking | ol find > Ul pd | -
recognised interaction patterns building |~ Ists tofing pattems = patterm-mode v
that describe details frorm selected patterns
space towards the root

Figure 10.2 - Schematic of the Ul-pattern model building method
Figure 10.2 shows the full Ul-pattern modelling method. The detailed steps for this and

the TUIC modelling method can be found in Appendix A9.

A—=TUIC =ymbol et familiarisation

I 7

- — I

h

E_illfltr:?;;?;nera" G acd TUIG detailed D_s:fen?tl:ua;l: i?t?ric E- review
space matching i:ﬁlr? I;?tx;rﬁagen?el * » specific ones renaming * TUIC madel
root Ul-pattern R to reflect application

Figure 10.3 - Schematic of the pattern informed TUIC modelling method
Similarly, Figure 10.3 shows that the TUIC modelling method was modified to be more
flexible than that used in Studies One and Two. The existence of the related Ul-pattern

model is assumed.
At the end of the introductory session:

e Section A, to collect participant back ground information.
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At the end of Session Two - Ul-pattern modelling:
e Section B, asks about the patterns,

e Section C, asks the participants to reflect on the proposed method used to build the

Ul-pattern model,

e Section F asks for opinions about Ul-pattern modelling aiding non-professionals

participate within the design team.
At the end of Session Three - TUIC modelling:
e Section B asks about the patterns ,

e Section D asks the participants about the proposed method used to build the TUIC
model,

e Section G asks for opinions about TUIC modelling aiding non-professionals to
participate within the design team.

The Patterns Questionnaire was administered at the end of the case study.

The same patterns used for Study Two were used for this study but the pattern
numbering has been reorganised. Figure 8.3 shows the id-numbers better indicate the
position of each pattern within the structure of the pattern language.

As a participant-observer the researcher was not a passive observer, and helped each
participant by locating artefacts or information when required. The researcher with
thirty years teaching experience structured the sessions to limit differences between the
contexts in which each participant completed tasks. Help was provided by responding
to requests for help, and taking opportunities to teach about the methods or pattern
content. Some help was provided to speed up the processes by the researcher finding
patterns or other artefacts on request. Field-notes for Session Two and Session Three
were kept by the researcher can be found in Appendices A26 & A27.
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03— Current Properties 13- Tabular Sel

04 - Information on Form 14 - Convenient Environment Actions
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06~ Master with Details 16- Groups with Titles

07 - Collection beside Content 17 - Forgiving Text Entry

08- Cascading Collections 18— Agk for Input

09- Stack of Working Surfaces 19— Good Defaults

10- Hierarchical Set

Figure 10.4 - Pattern map for the version of TUI used in Study Three

10.1.2 The Pilot Studies
Three different approaches were trialled in the pilot studies to find a suitable protocol.

The pilot subjects had had many years experience as analysts and designers, including
Ul design. None of them had had any experience with using Ul patterns or with either

of the modelling techniques.

The protocol for the first pilot study was based on the experimental process used by
Chung et al. (2004) where subjects were provided with sets of patterns to study, two
days prior to a design exercise. In this pilot all the training material was provided a
week prior to the proposed design session. The introductory material included: a copy
of the Ul patterns, the requirements documentation for the exercises and the first parts
of the training manual introducing Ul-pattern modelling. The subjects were asked to
study this material before the first model building session. None of the potential
subjects found sufficient time to study the material in depth. This approach was

abandoned.
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The second approach used a similar procedure to that described by Golden, John and
Bass (2005). Time was provided at the start of the session for the subject to
independently study all the materials, with the researcher observing. The first Ul-
modelling session was conducted using this approach. Even though the subject was
encouraged to ask questions it was clear that studying the new material without
intervention from the researcher was difficult and time consuming. The self-study
option was also too time-consuming for the case studies. Trying to complete both
modelling exercises in a single session as was done in Study Two also resulted in
overloading the subject. The subject commented that learning two new methods and
trying to design a new interface at the same time was very tiring.

The third approach involved the researcher becoming involved in the study by taking
the subject through the study material and demonstrating the new modelling techniques.
This approach was satisfactory and all the material was tested within the suitable

timeframes.

Some rewording of the new questions in sections A, F and G of the exit questionnaire
were suggested by the subjects. One subject suggested an addition to Section B to ask
which sections of a pattern were actually used. Any changes made were trialled in the
next pilot or reviewed with the subject who made the suggestion. One subject

volunteered to edit the workbook after the modelling session.

Choose a subject

Find a courg -
Development Studies
i Economics
8 — Cascading
Collections Choose a course
-
List of suM\ 59.353 HCI
59.356 Software Eng
12 — Choice from 07 —Collection 59.308 Project Undo all
a Large Set beside Content Course details
. dd, remove undo] 59.353 Human-Computer Interaction
List of courses c tail Interaction styles, techniques and devices.
ours Fe als Designing for Usability. Current Issues in
12 — Choice from 03 — Current - HCI.
a Large Set ! Convenient Assoc. Prof. Chris Phillips
ge o€ Properties Environment
Actions 12.5 points Sem 1 $350.00

Figure 10.5 - Modified Ul-pattern model showing labels on arcs beside the matching Ul
A major change came about when one subject and the researcher were comparing an

exemplar Ul-pattern model with the exemplar Ul during the final discussion. When the
researcher started to annotate each component on the Ul with the relevant pattern id the
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subject suggested adding the component’s label to the corresponding arc on the Ul-
pattern model (Figure 10.5). These labels indicate the part of the Ul being represented
by that part of the Ul-pattern model. Chung et al. (2004) reported that a pair of
designers unexpectedly annotated the Ul they were working on with pattern numbers

and one of them commented

“... these [patterns] all sort of lay out the problem and the solution on a page ...”
(ibid, p239)

This matches the implicit structure of the Ul with that of the selected patterns.

10.1.3 Data Collection and Analysis
The data collection approach taken was similar to that used with studies One and Two

(Section 6.8). During both sessions Two and Three the researcher kept notes of actions
and discussion that were pertinent to the study, therefore the subjective opinion of the
researcher determined what was recorded. The researcher’s observations were
influenced by the types of behaviours observed in the earlier studies: such as pointing
behaviours, building intermediate constructions and focussing on specific pairs of items.
The researcher made notes on how each participant interacted with the questionnaires
because some interactions such as looking for a specific pattern, or reviewing the
exemplar Ul-pattern model, were potentially important. Each within case description

was validated as a correct interpretation by the participant.

The models created in each exercise were scored using a similar system to that used for
the earlier studies. There are only a limited number of structures that can be created due
to the limited set of Ul-patterns in TUIPL. Comparison against the example solution
was possible but the scoring system was flexible enough to take into account valid
alternatives. These scores act as a surrogate for how well the participants understood
the modelling method used.

The written responses to the sections of the exit questionnaire are reported descriptively
with quotes and where appropriate interlinked with the observations. The responses to
the patterns questionnaire can be summed to get an overall score for each participant’s
opinion of using Ul patterns. The question sub-sets can also be reported using a similar

technique.

The responses to the five-point scale questions in the exit questionnaire are documented

in the cross-case analysis. Because there are only three participants only the raw scores
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and percentages will be discussed in this comparison. A simple comparison of the
timings will highlight any major differences and should also identify how closely the
participants followed the proposed methods. The remainder of the cross-case analysis
focuses on identifying responses and opinions which were either similar across the three

participants or were markedly different.

Finally, by triangulating all the threads of evidence and the subsequent discussion

should confirm whether the objectives for this study have been attained.

10.2 The Case Studies

The three participants in the case studies are all currently working at a New Zealand
tertiary institution. The participants have varying degrees of experience, much of it as
general application developers rather than specialising in Ul development. Each of the
case studies follows a similar structure, reporting the participants views of Ul-pattern
modelling, TUIC modelling and opinions on aspects related to Ul design teams under

the heading of Communication.

The individual case study descriptions can be found in Appendix A24. Numeric data
from the questionnaires is in Appendix A23 including model marks. Comments from
the Exit Questionnaire are in Appendix A25. Stylised copies of each participants Ul-
pattern model is in Appendix A28 and the TUIC models in Appendix A29. Appendices
A26 and A27 contain the field notes for the Ul-pattern modelling and the TUIC
modelling session in that order.

10.2.1 Participants’ backgrounds

Characteristics Participant One | Participant Two |Participant Three
Mon-native English speaker no nao WES

‘fears of experience G 18 10

Self rated Ul experience level past novice stage| experienced average
Tvpe of experience Research projects Full-time Full-time
Flace of experience MZ MNZ mostly Asia
Focus IT development Included LI L Data base
Main prototype approach Lo-fi High-fi High-fi

Wisual Studio
DreamWeaver
Main Ul development platfarms Delphi FrontPage Delphi
Visual Interdev
Expression Web

1 undergraduate

Tertiary Education — HCI courses 1 graduate 1 undergraduate Maone
Aware of Ul patterns fes Yes Mo
Ll-pattern modelling fes es Mo
TUIC modelling a5 Mo Mo
Ul'modelling associated Ilse Case Ise Case Ise Case
techniques User Centered RAD Adhoc

Table 10.2 - Background characteristics of participants
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The background characteristics of the three participants (Table 10.2) are sufficiently
varied to reduce validation threats to generalisations made from the three case studies
(Flyvbjerg 2006). The participants are markedly different in a number of dimensions.
The three participants have self-rated their Ul design experience level very differently
with one just past the novice stage, one who self-rates as average and one who self-rates
as experienced. Their IT experience is six and a half years sporadic experience, ten
years professional experience and eighteen years professional experience. While
Participant One primarily used lo-fi prototyping as part of the Ul-design process, the
two more experienced developers relied on high-fi prototyping as their primary
approach to Ul development. All three participants had used desktop IDEs with
Participant One and Three using Delphi while Participant Two had used a range of

Microsoft related IDEs plus Web development tools.

All three participants have graduate level computing education but user interface design
courses completed are very different. Participant One has both under and graduate
experience, Participant Two has an undergraduate one while Participant Three’s
Computer Science qualification included no HCI courses. Both Participants One and
Two had been introduced to Ul patterns and Ul-pattern modelling very early during this
research but Participant Three had no prior knowledge of Ul patterns. Participant One
had also had some prior experience with CAP symbols and abstract prototyping as part
of the graduate HCI design course. The only characteristic all three participants had in

common was experience with the task modelling method Use Cases.

10.3 Cross-Case Comparison

The cross-case comparison brings together the findings from the three case studies
comparing and contrasting the findings. The report follows a similar structure to that
used for the individual case descriptions.

10.3.1 Ul-Pattern Modelling
The scoring system for the Ul-pattern models was similar to that used for the models

created in the earlier studies (Appendix A15). The scores for the participants’ Ul-

pattern models were all excellent.
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Scoring Criteria Participant One  Participant Two  Participant Three
Fercentage of appropriate patterns 100% 100% 100%
Fercentane potential patterns 92% A3% G0%
FPercentade of appropriate links 95% 100% 100%
Fercentane potential links 100% 100% 91 %

Table 10.3 - Scores for Ul-pattern models
Table 10.3 shows the scores for all criteria used to score the models. An examination of
the models created shows that participants Two and Three had completed valid top
levels but did not develop the lower-level details, accounting for the lower scores. The

participants scored least well at identifying potential patterns (Table 10.3, line 2).
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Figure 10.6 - Participant Three's Ul-pattern model overlying the exemplar
This is demonstrated by Participant Three’s Ul-pattern model, shown in Figure 10.6.
The solid lines represent those parts of Participant Three’s Ul-pattern model that
matches the exemplar Ul-pattern model. The dashed lines are the unmatched
exemplar’s links while the dot-dashed lines show alternative, valid links the participant
selected. At the lower levels, for example pattern 09 — Stack of Working surfaces’ has
no reference links to the patterns it ‘uses’. Participant Three chose not to model any of

the four interaction areas, e.g. ‘Check-in details’ or ‘Check-out details’.
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The diagram shows that valid alternatives were chosen for representing ‘Staff details’
and the top level for *Transaction phases’. Lower down they chose to use a stack of

working surfaces rather than a Master detail structure for ‘Room details’ etc.

Ul-pattern Modelling Participant One|Participant Two|Participant Three
Intro & demo 549 33 a3
Study of requirements 23 [ 19
Ll-pattern modelling 46 42 43
Questionnaire 15 12 23
Discussion 3 3 2

Total 2 hrs 26 mins 1 hr 37 mins 2 hrs 22 mins

Table 10.4 - Time to completed activities in the Ul-pattern modelling session

The time taken to complete the Ul-pattern modelling exercise was similar for all three
participants, averaging forty-five minutes (Table 10.4). Participants One and Three
spent a significant amount of time in discussion during the demonstration and in
studying the materials prior to starting the modelling exercise. Participant Two took
approximately half that time on the pre-exercise activities which may account for
perceiving Ul-pattern modelling as difficult. But they still produced a creditable Ul-

pattern model.

In discussions during the demonstrations both Participants One and Two queried how
the patterns representing the lower levels of ‘Finding a Course’ related to the
requirements. Participant Three also queried the representation of the details of this
interaction space, but at a later point during the exercise. All three participants queried
the role of pattern ‘03 Current properties’ particularly in chains of linked patterns.
Discussion to clarify such chains used the tutorial example to demonstrate how a higher

level pattern in the Ul-pattern model provided a more abstract view of the Ul.

Both Participants Two and Three expressed some concern about abstract Ul concepts as
represented by the higher-level patterns in the Ul-pattern map. The problem they had is
illustrated by the difficulties they experienced with positioning compound patterns such
as pattern ‘03 Current Properties’ within their Ul-pattern model. This pattern is related
to a group of patterns via an ‘is-a’ relationship. For example pattern 03 can be
completed using any one of the three patterns ‘04 Information on Form’, 05 Control

Panel’ or 06 Master with Details’.

Both participants Two and Three used the examples on the back of the patterns as their
primary source of information for deciding which pattern to select and for determining
the intent of a pattern. These behaviours seem compatible with their expressed

preference for using hi-fi prototyping when designing new user interfaces. Both
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identified a toolbox component that they understood in one of the example illustrations
and appeared to equate that to the pattern, rather than generalise the action or

presentation that the pattern represented.

Parts of a pattern Participant
|dentifier-Mame 1,2, 3
Context 1,2, 3
Froblem 3
Solution 3
(diagram) 1
Reference 1,3
Forces

Discussion

Examples 1,23

Table 10.5 - Pattern sections considered most useful when completing the Ul-pattern
model

Table 10.5 shows that the participants viewed, some sections of the patterns as more
useful than others. Neither the forces section nor the discussion section supporting the
solution were identified as most useful. There was agreement among the three
participants that a pattern’s name, context section and the examples were all useful.
Participant Two used primarily a bottom-up approach to Ul-pattern modelling, which
explains why the reference section wasn’t considered useful. Participant Three
recognised that when beginning to use Ul patterns the problem and solution sections
would be very important, but noted that on becoming familiar with the patterns, the

name, context and reference sections would be the primary focus of attention.

Further evidence about how difficult abstraction and conceptualisation can be, came
from participants’ views of the TUIC model diagrams illustrating each pattern’s
solution. Participant One, who had prior experience with TUIC components, was very
positive about the TUIC model diagrams and found them helpful when deciding
whether to select a pattern. Neither Participant Two nor Participant Three thought the
TUIC model diagram was particularly helpful. Both considered it took more time to

comprehend the diagrams compared to just examining the examples.

ToolTechnique category N Participant One | Participant Two |Participant Three
I|-pattern Modelling ] 100% G7% 67 %

Table 10.6 - Summary of responses to Ul-pattern modelling statements
The responses to statements covering Ul-pattern modelling in the Patterns
Questionnaire are shown in Table 10.6. To enable comparison, the results are shown as
percentages of the number of ‘agree’ responses to the total number of statements in the

category.
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Participants Two and Three recognised that they found abstraction quite difficult. This
Is supported by responses to three of the six statements, and supported by comments in
the exit questionnaire. Participant Two did not find Ul-pattern modelling particularly
easy and was not confident at using the patterns to create the Ul-pattern model but
commented that the actual process of creating the models was straightforward.
Participant Three was unsure about how easy Ul-pattern modelling was and was also
unsure about how straightforward the method was. This confirmed comments made in
the exit questionnaire that indicated that more direction about when to repeat an activity
was required. Participant One responded positively to all the statements but suggested
that using colour might be helpful in describing the method.

Even with these reservations, all three participants expressed the view that developing
the Ul-pattern model was a useful technique in specifying what was required for a user
interface. These views were confirmed by their responses to the remaining three of the
six questions. All three participants agreed that they enjoyed building the Ul-pattern
model and that the patterns helped them focus their thoughts.

ToolTechnique category Participant One | Participant Two |Participant Three
Developing a Ul-pattern Model Extremely helpful Very helpful Extremely helpful

Table 10.7 - Ratings for opinion of Ul-pattern modelling
Table 10.7 shows that all three participants rated Ul-pattern modelling as either
extremely helpful or very helpful. Participant Two, who used a bottom-up approach to
modelling, suggested that some indication of how to use the method in different modes

(top-down & bottom-up) might be helpful.

Both participants One and Three considered developing a Ul-pattern model would be
extremely helpful in assisting non-professionals to participate more fully in a Ul design
team. Even Participant Two, who had had some difficulties with Ul-pattern modelling,
still thought Ul-pattern modelling would be very helpful. Supporting comments from
all three indicated that they thought that by developing the Ul-pattern model non-
professionals in the design team would be better able to communicate their ideas. The
patterns would provide non-professionals with an appropriate technical vocabulary as
well as an understanding of the Ul design process. Professionals on a design team could
also use the patterns to provide better explanations in support of design decisions. All
three indicated that by developing a Ul-pattern model they thought the final Ul would
better meet the needs of the users.
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10.3.2 TUIC Modelling
The scoring system for the TUIC models was similar to that used in the earlier studies.

When the prototypes were compared, although the positioning of the TUIC components
was different, the essential elements were similar.

Room Reservation System B

E Staff details

[display]

E Transaction details

|fSubmit H\f\CanceI | !

I 1
:| 7 Suspend || 7 Retrieve H\{Clear |' [display] Reservation
______________________ SSo--! Check-in details information
N — synchronised
Flndwgm______________--_xﬁ _ with client info
1 1N \displayt
:| # New sort ” 7 Back” 7’ Next|| Checkout details
_________ | -ou i
N
= Rooms
display] VA
=] Each Room {’ayment details /
I | |Room details
[ synchronised to
room selected
E Room Details Ul Exemplar
Room availability Matched
# Room history :|‘~-[ ;spla}{L

Figure 10.7 - Participant Two’s TUIC model overlaying the exemplar
To score these models the components identified by the participant were overlaid on the

exemplar as shown in Figure 10.7.

Scoring Criteria Participant One  Participant Two  Participant Three
Percentane of appropriate TUIC compaonents 100% 100% 495 %
Percentage potential TUIC components 36 % 0% 33%
Percentane of correct nesting 100% 100% 100%
Percentane potential labelling 100% 100% 100%

Table 10.8 - Scores for the TUIC models
The scores for the TUIC models were excellent (Table 10.8). The lower scores in line
two are related to identifying all the potential TUIC components. None of the
participants added a TUIC component to represent client details. Only Participant Two
added some TUIC component details for the table of room data. Participant Three
missed a TUIC component representing a group of actions and one synchronisation
comment. Participant Three was the only person who had no prior knowledge of Ul
patterns and also had the least experience with Ul abstract modelling, but still created a

TUIC model of comparable quality to the other two.
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ITUIC modelling Participant One |Participant Two|Participant Three
Intro & demo 28 18 27
Review requirements 2 7 5
TUIC modelling 18 42 20
Cuestionnaire 40 22 |
Discussion 5 5 4

Totall 1 hr33 mins 1 hr 34 mins 1hr33 mins

Table 10.9 - Time to completed activities in the TUIC modelling session
Table 10.9 shows that all three participants completed this session within one hour and
thirty-five minutes but the time spent by each participant on the modelling exercise was
markedly different. Both Participants One and Three spent about the same time in
discussion and observation during the demonstration. As expected Participant One,
who had prior knowledge of TUIC modelling, completed the modelling exercise fastest
(18 minutes). Participant Three, with no prior experience, took eight minutes longer to
complete the prototype (26 minutes). Participant Two also had no prior experience but
had a very different time profile. The demonstration concluded quite quickly because
no questions were asked. Completing the TUIC model took significantly longer. These
times were commensurate with Participant Two’s expressed preference for learning-by-

doing.

A variety of behaviours were observed. Participant One was the only person who spent
time reviewing the TUIC model by checking back to some of the patterns. Participant
Two recorded progress by ticking the patterns off on the Ul-pattern model as the TUIC
model developed. Participant Three spread the patterns out on the work surface so they

could see the diagrams of related patterns together.

Parts of a pattern Participant
Identifier-Mame 1,2, 3
Context 3
Froblem
Solution
(diagram}
Reference
Forces
Discussion
Examples

-4 | &
Ldf R3] o £

L] Ll

Table 10.10 - Pattern sections considered most useful when completing the TUIC model
Table 10.10 shows all three participants agreed that for TUIC modelling the name,
solution and diagram were most useful. Participant Three pointed out that the Ul-
pattern model provided all the information required about which patterns to use and
how they were related, so that reference to other sections like context, reference and

examples were not required.
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Participant One
B6%

Participant Two
a6%

Participant Three
7 1%

ToolTechnique category N
TUIC modelling 7

Table 10.11 - Summary of responses to TUIC modelling statements
The Three participants all agreed with four of the exit questionnaire statements that
patterns helped them focus on the TUIC modelling process, that the process was
relatively easy and straightforward to perform and that they all enjoyed creating the
TUIC model (Table 10.11). Supporting comments in the Exit Questionnaire were very
positive using words such as useful, easy, enjoyable and fun. Participant One
commented that the pattern-guided method for Developing TUIC models was much
easier than working directly from Use Case descriptions. Participant Two commented
that by completing the TUIC model they could now appreciate the role of the Ul-pattern

modelling process.

Responses to the “interpretational’ diagrams varied. All three participants had minimal
problems using TUIC components, although Participant Three spent some time
querying parts of the symbol list near the beginning of the session. However,
Participant Three was unsure how the diagrams illustrated a pattern’s solution, as
indicate by responses to the two related statements in the Patterns Questionnaire. All
participants provided supporting comments that indicated these TUIC model diagrams
made designing the prototypes relatively easy and removed ambiguity. For example
Participant One commented that the diagrams helped visualize the different parts of the
Ul. All three participants queried aspects of how to represent a tabular list needed to

represent data for available rooms.

Participants One and Two, both native English speakers, considered the description of
the TUIC modelling method to be rather wordy. Participant Two suggested two
versions should be created, one for those new to Ul design and one for experts.
Participant Three found the method useful because it clarified actions. These comments
confirmed the participants’ rating of the Exit Questionnaire statement about the TUIC
modelling method. Both Participants One and Two were undecided but Participant

Three agreed that it had the correct number of steps.

ToolTechnique category

Participant One

Participant Two

Participant Three

Patterns guide TUIC modelling

Extremely halpful

Extremely helpful

Extremely helpful

Suitahility of TUIC modelling

Extremely helpful

Very helpful

Very helpful

Table 10.12 - Ratings for opinions related to TUIC modelling

The three participants all rated using the TUIC model diagrams illustrating each pattern
forming the Ul-pattern model as extremely helpful for creating the prototypes (Table
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10.12). Participant One supported this view by commenting that using the Ul-pattern
model as a guide was much easier than prior experience of modelling directly from the
requirements documentation. Participant Two found Ul-pattern modelling initially
difficult, rating it as only very helpful after the Ul-pattern modelling session. But after
the following session, they both expressed enthusiasm for using the Ul-pattern model to

guide TUIC modelling.

Participants Two and Three rated the suitability of using TUIC models for conceptual
modelling in a professional Ul design situation as very helpful. Participant One was of
the opinion that TUIC modelling would be extremely helpful. Associated comments
indicated that the process would help clarify requirements and allow solutions to be

expressed clearly.

10.3.3 Communication

ToolTechnique category

Participant One

Participant Two

Participant Three

Patterns impact on communications

Extremely helpful

Extremely helpful

Helpful

Lll-pattern modelling on communications

Extremely helpful

Very helpful

Extremely helpful

TUIC modelling on communications

Very helpful

Extremely helpful

Yery helpful

Table 10.13 - Ratings of pattern use, modelling and communications
Table 10.13 shows that both Participants One and Two rated patterns as being extremely
useful for helping non-professionals communicate in a Ul design team context. They
both identified that patterns should help the non-professional develop an understanding
of technical terms and also that the patterns would help the team develop a common
terminology and hence a common understanding of the problem. For example
Participant Two said “Technical people often use technical terms, the patterns allow
unfamiliar items to non-professionals to be discussed”. Participant Three had the least
Ul development experience so their opinion has added weight. They rated the patterns
as helpful but identified potential problems non-professionals may experience, for

example some patterns names were considered to be rather abstract.

Participants One and Three both rated Ul-pattern modelling as extremely helpful.
Participant Two rated this method as very helpful commenting that Ul-pattern
modelling helped team members “see what the proposed interface will offer and can
therefore more easily and efficiently identify things that should be modified or things

that are missing”.

Participant Two thought that TUIC modelling would be extremely helpful in assisting

non-professionals to bridge any communication gap with other team members.
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Participants One and Three rated this prototyping approach as very helpful. Participant
One thought it would help team members argue their points of view more effectively.
Participant One’s comment also refers to the advantage of the Ul patterns guiding the
TUIC modelling saying “Team members can more easily argue their point of view
about modelling things in the TUIC model when they have the Ul patterns solution (text
and diagram) sections to help support their argument”. Participant Three thought it

would help team members to organize complex problems.

10.3.4 Ul Patterns
The participants’ responses to statements making up the Patterns Questionnaire are

considered first to identify whether there were any unexpected differences in opinions

when working with Ul patterns

ToolTechnique category M Participant One | Participant Two |Participant Three
AllUI pattern statements| 32 97 % 72% G9%
Patterns and modelling 7 100% a57% 100%
Patterns were helpful 4 100% 100% 75%

Table 10.14 - Comparison of responses to the Patterns Questionnaire
Responses to Patterns Questionnaire statements are shown in Table 10.14. For
comparison purposes the results are shown as percentages of the number of agree
responses to the total number of statements in each category. The combined value for
all responses to the statements is positive.

Participant One who had had the most experience with Ul-patterns, responded most
positively. All three Participants responded positively to four of the seven statements in
the Patterns Questionnaire considering the use of patterns generally for Ul modelling.
Participant Two was unsure about the remaining three. These statements were
concerned with whether it was easy to learn how to use the patterns in the modelling
exercises, and how straight-forward it was to locate the required patterns. Participant
Two initially had difficulty learning how to locate patterns when creating the Ul-pattern
model. The response rate of fifty-seven percent confirmed that experience. However,
Participant Two recognised that Ul patterns were helpful and comments in the EXxit

Questionnaire indicated support for Ul-pattern modelling.

Four statements explicitly referred to aspects of helpfulness of patterns and both
Participants One and Two responded positively to all these statements. Participant
Three responded positively to three, being unsure whether the TUIC model diagram
identified the essentials of a pattern’s solution. These responses are supported by

comments from their completed Exit Questionnaires. Participant One indicated they
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liked the way patterns provided suggestions for many different solutions to a problem.
Participant Two liked the way patterns could be used to construct a Ul design.
Participant Three agreed with the other participants and also thought using Ul patterns

would help reduce changes later in the Ul design life-cycle.

Overall the responses were positive for pattern use. Of the total ninety-six statements
assessed (32 statements per participants), only four ‘disagree’ responses and sixteen

‘undecided’ responses were given.

Parts of a pattern Participant One Participant Two Participant Three
. Ll-pattern model Lll-pattern model Ul-pattern model
Identifier - Name TUIC model TUIC model TUIC model
Context IJl-pattern model |l-pattern model IJl-pattern model
Problem Jl-pattern model
Solution TUIC model TUIC model l-pattern model
(diagram) U"ijltgmurg';'lje' TUIC model TUIC model
Reference LJl-pattern model Jl-pattern model
Forces
Discussion
Examples Ll-pattern model Ll-pattern model l-pattern model

Table 10.15 - Pattern sections considered most useful when completing the two models
Table 10.15 compares the importance the participants placed on the different sections of
the patterns when completing Ul-pattern modelling and TUIC modelling. It is clear that
some sections were seen as more useful than others. Neither the forces section nor the
discussion section supporting the solution, were identified as most useful for either
modelling exercises. When asked, all three participants commented that they
considered these sections as necessary especially when working in a team and when
alternative patterns were being considered. They also viewed these sections as
necessary background knowledge for non-professionals, indicating that access to such
knowledge should improve communication between team members. Participant Two
commented that the Discussion Section provided information the professional could use

to help other team members better understand issues being discussed.

There was agreement among the three participants that a pattern’s Name, Context
Section, and the Examples, were all useful while pattern modelling. Participant Two
used primarily a bottom-up approach to Ul-pattern modelling, which explains why the
Reference Section wasn’t selected. Only Participant One identified the TUIC model
diagram as helpful during Ul-pattern modelling. This is understandable because this
was the only participant who had had any experience with the TUIC component set.
Participant Three recognised that when beginning to use patterns the problem and

solution sections would be very important, but as a designer became familiar with the
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different patterns the name, context and reference sections would be the focus of
attention.

10.4 Discussion — The Case Studies

The three case studies extend the exploratory research trialled in Studies One and Two.
Generalisations from these case studies are recognised as potentially inconclusive, but
efforts have been made to control factors that could compromise validity. For example,
care has been taken in selecting three participants with varied backgrounds and
experience in Ul development. Given the limitations the following discussion provides
some useful insights into Ul-pattern use in a design situation. The discussion first
considers whether the two methods could be used successfully by professional software
developers to create a conceptual model for a new Ul. Secondly, whether the
professionals consider the methods could be used professionally.

10.4.1 Objective One- Develop Conceptual Ul Models
Determine whether a Ul developer can use the first two processes in TUIPL to develop

conceptual Ul models for a new user interface. That is:
e Create satisfactory Ul-pattern models and TUIC models,
e View Ul-patterns positively and as helpful guides when modelling,

e Judge the methods from TUIPL for Ul-pattern modelling and TUIC modelling as

acceptable.

10.4.1.1 The Resultant Models
To determine whether the participants could use the proposed pattern-guided Ul design

method, the quality of the resultant models created were assessed.

Participant One | Participant Two | Participant Three
Lll-patternmodelli:a a7 % 91% 23%

TUIC modelli 9E5% §8% 94%

Table 10.16 - Total scores for models and prototypes (Summary Tables 10.7 & 8)
Table 10.16 shows the overall scores for the Ul-pattern models and the TUIC models.
Using the grade system at Massey University these models all score an A+ (Appendix
A15) which clearly demonstrates that the three participants could successfully use the

modelling methods to develop a conceptual Ul design for a new user interface.

The breakdown of the scores for Ul-pattern models reported in the cross case analysis

(Table 10.3) showed that the two more experienced Ul designers, and also both
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participants with no prior knowledge of using CAP symbols, did not develop the lower
level details of their models. This may indicate that they considered they had sufficient
information to proceed to begin prototyping. The structure of the exercises did not
permit iterations between this process and the next. Participants had minimal time to

review the models as they were built.

Analysis of the scores for the TUIC models created by the three participants showed
that details were missed. Comments indicated that the participants enjoyed developing

these models and with more time would be expected to have corrected omissions.

The time variations in completing the two sessions (Table 10.4 & Table 10.9) are best
explained by the differences in expressed learning preferences and did not have

significant impact on the quality of the models.

10.4.1.2 Ul Patterns
All three participants considered Ul patterns in positive terms. The pattern format was

acceptable. Some sections were perceived as more useful than other sections and these
perceptions were in part dependent on the design phase and the participants learning
preferences. None of the participants ranked the Forces or Discussion sections highly

but comments indicated they perceived a use for these sections in team design situations.

Literature discussing Ul design guided by Ul patterns (Dearden et al. 2002a, Chung et
al. 2004, Segerstahl & Jokel 2006) reported that Ul design professionals considered Ul
patterns to be helpful and findings from the case studies are consistent with that view.
All three participants commented positively about Ul patterns in both the final
discussion and in response to the appropriate questions in the Exit Questionnaire. Their
comments were supported by the overall responses to the Patterns Questionnaire (Table
10.14).

10.4.1.3 The Modelling Methods
The Ul-pattern model and TUIC model scores both showed that the participants

successfully applied the corresponding methods. The Ul-pattern model was rated
positively by all participants with suggestions for changes being minor. These
suggestions may not have eventuated if the questionnaire had included a copy of the
diagram to accompany the detailed steps (Appendix A9). The TUIC modelling method
was perceived to be straightforward to follow but there was disagreement over the
wording. The two native English speakers found the details of each step to be too
wordy while the third participant found them helpful. A compromise suggestion was
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that two forms might be required, one for novice designers and one for more

experienced designers.

TUIC modelling was chosen originally as the Ul conceptual design method because
Constantine (2003a) considered it to be easily learned and applied. This view was
supported because none of the participants had any major problems with carrying out
TUIC modelling. Although some details were missed in two of the participants’
prototypes these omissions were not significant. Participant One who had previous
experience with using TUIC components found the pattern-guided method to be easier
to use than a method that progressed directly from use case descriptions to TUIC
modelling. All three participants enjoyed the TUIC modelling process with Participant

Two, the most experienced in Ul design, being particularly enthusiastic.

10.4.2 Objective Two — Viability for Professional Ul Design
Many of the open ended questions in the exit questionnaire were to determine the

participants’ opinions of the viability of the first two processes from TUIPL when
applied in a professional setting. Their opinions indicate whether the methods are
viable professionally and hence have validity in helping students use Ul patterns when
designing user interfaces. It is not necessary for the methods to be used in a
professional setting in order to provide an authentic experience for the students

(Jonassen 1999). Therefore the methods should be seen to have the potential to:

e Improve communication between Ul design team members by helping them develop

a common understanding of the language being used,
e Help team members to participate equally in the design,

e Help non-professional team members understand the design processes and

techniques.

The opinions of the participants are limited by their current circumstances. None of the
participants were currently working in an environment where they were part of a larger
Ul design team. Both Participants Two and Three reported that they were working
closely with their ‘client” using hi-fi prototyping effectively. They considered that
applying the TUIPL modelling methods was not appropriate in their current projects
although they were interested in accessing on-line Ul patterns sets. It is possible to infer
the potential viability of the trialled techniques in a professional setting from their

opinions.
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A number of researchers (Borchers 2001a, Chung et al. 2004, Dearden et al. 2002a,
Finlay et al. 2002) have reported that professional Ul developers considered Ul patterns
contributed to the design process and identified improved communication within design
teams as an important contribution. The three participants also viewed patterns
positively and indicated Ul-patterns would be useful for providing appropriate Ul
knowledge to members of a Ul design team. They would help improve the quality of
communication between members of a Ul design team. These comments confirmed
findings by other researchers, for example Chung et al. (2004) found “patterns to be

useful in communicating design knowledge” (p 234)

The Exit Questionnaire elicited feedback on whether Ul patterns plus the two modelling
methods would aid communication (Table 10.13). Participant Three was not as positive
as the other two participants with regard to whether Ul-patterns helped improve
communication, indicating that the names of some patterns could be clearer. Participant
Three’s views on this point are important because English was not their native language.
Koukouletsos (2008) also found pattern names were an important factor in developing
an understanding of a pattern. His participants were Greek students and he noted that
often short English names translate into long clumsy Greek phrases. Other researchers
have identified pattern naming as important for acceptance and understanding of
patterns (Chung et al. 2004, Kotzé et al. 2006, van Biljon et al. 2004).

All three participants indicated that both the Ul-pattern modelling and the TUIC
modelling would help members in a design team participate equally on the task of Ul-
design. Participant Two who had the most experience, considered that the methods
would help ensure non-professionals on a team were better able to participate because
firstly, they would be able to use the information in the patterns to communicate their
ideas. Secondly, professionals would be able to use the patterns to demonstrate their
design decisions. Participant Three considered the approach was worth pursuing but
identified the time required to become familiar with the Ul patterns could be a limiting
factor. Participant One suggested that time could be saved and the resultant Ul design
would better meet the needs of the user group. Comments from all three participants
indicated that it was not until after completing the TUIC modelling exercise that the
value of creating the Ul-pattern model became clear.

The research by Finlay et al. (2002) showed that providing a facilitator to help designers

select appropriate Ul patterns resulted in improved understanding of the structure of the



246

pattern language used. In the case studies, the researcher provided support for each
participant as they developed their models, but the researcher did not actively facilitate
the pattern selection. The results from the three case studies suggest that it would be
possible for Ul professionals to learn to use the Ul-pattern modelling method without
active facilitation, although the learning curve would be considerably longer. The
results also indicate that care would be required to ensure all members of a team had
time to develop their understanding when introducing Ul-pattern modelling and TUIC

modelling to a design project.

All three participants commented positively on the potential of Ul-pattern modelling
and TUIC modelling being helpful for improving project members’ understanding of
the design processes and techniques. Comments were similar to those supporting their
assessments of the communication questions. Participant Two reiterated the value of
non-professionals being able to develop their understanding of technical terms and also
the design processes. Participant Three summed up with the statement “The patterns
organize the complex situation or problems clearly into a whole as a Ul-pattern model
so that all team members can communicate based on it as they build the TUIC model”
This comment supports Chung et al.’s (2004) finding that “patterns helped novice
designers generate designs” (p 234).

Abstraction, and particularly patterns that provided generalised descriptions for a group
of patterns linked by an ‘is-a’ relationship caused varying degrees of difficulty for all
three participants. A similar problem was identified by Koukouletsos et al. (2007)
working with senior students comparing web usability patterns with usability guidelines.
They found students had difficulty with patterns that represented two or more guidelines
and suggest that the problem maybe that “compound patterns are close to the cognitive
limitation of novice designers” (ibid, p179). Although Participants Two and Three are
not novice Ul designers, experience with using Ul patterns was minimal and they both
expressed the opinion that they found abstraction difficult.

10.4.3 Implications for Teaching
Although not an objective of this study, the researcher was a participant-observer and

became actively involved in teaching the three participants. Working intensively one-

to-one provided insights into potential problems that may influence student learning.

The main omission seen in the participants’ Ul-pattern models was lack of lower level
detail in the models. This was similar in the students’ models. In part, this may be due
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to the limited time. It also highlights that in a teaching context the need to provide time
and encouragement so that students review their models for completeness and at some

stage during the process remind them to consider modelling lower-level details.

One observation the researcher made is not discussed above. The decision to introduce
the participants to the modified form of the Ul-pattern model in which selected arcs are
labelled (Figure 10.5) appears to have made Ul-pattern modelling more understandable.
The three case study participants created more complete models than did the subjects of
the pilot studies using the unmodified form. In the case studies compared to the pilot
studies the participants did not requests as much help on how to selected patterns or on
how to link them into the Ul-pattern model. This observation suggests that the modified
Ul-pattern model will have a similar impact on models created by students using the

updated structure.
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Figure 10.8 — Alternatives for representing the is-a relationship between patterns 3 and 4
The participants all had difficulty with the representation of the ‘is-a’ relationship, as
shown between patterns 3 and 4 in Figure 10.8(A). This was not identified as a specific
problem by students in earlier studies but was possibly obscured by students having
more general problems with Ul-pattern modelling. When first introducing students to
Ul-pattern modelling, it may be necessary to use only the ‘contains’ and ‘contained-by’
relationships. Another option is to emphasize the relationship types by introducing a
different notation for the “is-a’ relationships. This would increase complexity but may
improve the models clarity. A possible representation would be to remove the linking
arc and overlay the symbols representing the patterns as shown in Figure 10.8(B).

Even though Participant Two had the most experience, they did not appreciate the role
of the Ul-pattern model until completing the TUIC model. All three participants agreed
that the value of the Ul pattern model became clearer after completing TUIC modelling.
These responses suggest that when introducing Ul-pattern modelling to students it is

important to indicate how these models will then guide the development of a TUIC
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model. By providing an overview of the next stage of the project the student is given a

clear purpose for building a complete Ul-pattern model.

Ul pattern naming is often identified as an issue (Wesson & Cowley 2004, Segerstahl &
Jokela 2006, Saponas et al. 2006, Kotzé et al. 2006). Participant Three reported having
difficulty with some pattern names. This confirms findings by Koukouletsos (2008).
Students who are not native English speakers may have problems with trying to develop
a common language within a team environment. These may be overcome when
students are introduced to the process of instantiating the patterns to the context of the
Ul design when alternative names could be chosen that have more meaning for the

individuals in the team.

Another issue that an educator needs to consider when introducing the different
processes in TUIPL is that students have preferred learning styles (Norman 2009). This
issue is clearly highlighted by the learning behaviour of Participant Two, when
introduced to TUIC modelling (Table 10.9) and to a lesser extent to Ul-pattern
modelling (Table 10.4). Although focussing materials and teaching approach to account
for learning styles appears to have little impact on outcomes (Norman 2009), allowing

flexibility in the timing of activities when conducting tutorials could be important.

10.5 Discussion — Research Question Three
The three case studies were to determine whether the Ul-pattern modelling and TUIC

modelling methods from the TUIPL framework can provide students with a ‘real world’
Ul design experience. For students, applying methods that are acceptable to
professionals is important to bring authenticity to their learning experience (Jonassen

1999). The focus of the third research question is on the TUIPL framework.

Question Three: How can student Ul designers be successfully guided in the use of

a Ul pattern language for developing conceptual Ul design models?

The two Ul conceptual models trialled in the three studies are the Ul-pattern model and
the TUIC model. The first process in TUIPL is Ul-pattern modelling and the second is
TUIC modelling (Figure 5.2).
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. . Pattern Exit

Study Objective Observationy Models Ouestions | Questions

3 Determine whetherthe Ul-pattern
modelling method from TUIPL can
successfully guide studentsin creating a
Ul-pattern model

2 Confirm thatthe Ul-pattern modelling

5 method from TUIPL can successfully
guide students in creating a Ul-pattern
model

1 Determine whether Ul developer could
applythefirst two phases of the proposed

3 pattern-guided U design methodinthe es Score Indirectly | Indirectlv
development of a conceptual I model for
anewuserinterface

2 Determine Ul developers’ opinions ofthe

3 viability of the first two methods inthe fes

TUIPL framework in a professional setting

Indirectly Avg. Count Yes

Indirectly Avag. Counts es

TUIC Test
2 Determine whetherthe TUIC modelling
method from TUIPL will support students : Avg.
2 using LI patterns as a guide to the creation Indirectly Ava. Correlation es

of TUIC models.

Table 10.17- Overview of findings from Studies One, Two and Three that support the
third research question

Aspects of this question were investigated in all three Studies and the objectives from
Studies One, Two and Three that directly relate to the third research question are listed
in Table 10.17. It provides an overview of the findings from each of the different types
of data collected. The results that indirectly support the objective have been prefaced
with the word ‘indirectly’, simple counts, averages and a correlation have been
indicated. Although the participants in Study Three were not undergraduate Ul students
they were required to use the proposed method while learning how to use the Ul pattern
language to guide their development of the two types of model. Their learning
experience is important to this goal because it provides evidence of the viability of the

TUIPL framework in a professional setting.

10.5.1 Ul Conceptual Models
The quality of the Ul-pattern models and TUIC models created act as surrogate

measures of the success of the two associated methods from TUIPL. Results based on a

surrogate need to be confirmed from other sources

“Because the surrogate is an indirect measure, there is danger that a change in
the surrogate is not the same as a change in the original factor.” (Pfleeger 1994,

p17)
The Ul-pattern models created by the students in all three Ul-pattern modelling

exercises (Studies One and Two) were of acceptable quality with those from Study Two
being significantly better (Table 8:13). Improvement is seen in both the compared
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scores and also when percentages of appropriate components are compared (Table 8:15).
The students in Study Two completed the Ul-pattern modelling exercise on average two
minutes faster than those in Study One (Table 8.16). This may indicate that the
modification improved the process in the second study. A number of researchers (Lin
& Landay 2008, Wania & Atwood 2009) use completing a design task faster as a
surrogate indicator of improvement. The responses by the students to statements in the
Patterns Questionnaire indicated that many of them found the Ul-pattern modelling
activity comparatively difficult with only on average nineteen percent of them
responding positively to the relevant statements in Study One (Figure 8.10). Responses
in Study Two were more encouraging with thirty-five percent of students responding

positively (Figure 8.10).

The Ul-pattern models created by the three case study participants were also of a good
standard (Table 10.3) with the main issue being lack of detail. More time for review
and further iterations would probably have rectified this deficit.

The TUIC models created by the students in Study Two were on average very good
with a mean score of seventy-six percent (Table 9.3) an A- grade (Appendix Al15). The
TUIC models created by the three case study participants were excellent all scoring an
A+ (Table 10.8). In Study Three all three participants responded very positively to

TUIC modelling and rated it highly and commenting that it was an enjoyable activity.

The average scores for both the Ul-pattern models and the TUIC models created in all
three studies demonstrate that variants of the two modelling methods can be
successfully used by both students and professionals with different levels of Ul

knowledge to develop satisfactory conceptual Ul designs.

10.5.2 The Modelling Methods
Evidence that the two methods from TUIPL can successfully guide students in the use

of TUI for developing Ul-pattern models and TUIC models comes from all four types of

data collected.

The observations of student engagement while applying the modelling methods is one
factor in assessing the success of the methods. In both studies students became fully
engaged in the Ul-pattern modelling exercises. Participants in Study Three had no
problems concentrating on applying the modelling method either. Detailed analysis of
observations of how the students used the simplified Ul-pattern modelling method in
Study One (Appendix Al19) indicated that although there were deviations, all could
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successfully follow the simplified top-down approach. Students in Study Two also had
no problems following a simplified version. The information gained from analysing the
observations led to the refinement of the simplified Ul-pattern modelling method
(Figure A9.1) and the development of the full version (Figure A9.3) used in Study
Three. The participants in Study Three successfully followed the full version to create
Ul-pattern models for a new Ul.

A positive outcome from students using the simpler version of the method in studies
One and Two was that it encouraged students to supplement the steps by introducing
transitional models in both Study One (Table 7.17) and Study Two (Table 8.5),
reversing steps and adding a review process at the end. A more complex, flexible
version of the Ul-pattern modelling method could be developed similar to that used in
Study Three. But a simplified version is the recommended option when introducing the
students to Ul pattern language structure because it is known that it is difficult to learn
how to use a pattern languages’ structure (Finlay et al. 2002, Kotzé et al. 2006). When
using the simplified version of the Ul-pattern modelling method, the behaviour of
students in creating transitional models and making minor modifications to the method
should improve their learning experience. This behaviour is fundamental to the
constructivist approach to learning (Jonassen 1999).

Students in Study One clearly found the Ul-pattern modelling method helpful (Figure
7.14) but only two of the six comments specifically about the Ul-pattern modelling
method were positive (Section A18.2). Along with the comments about suggested
changes, it is clear some of these students had difficulty following the pattern language
structure rather than the method itself, as shown by the comment “It wasn’t always
obvious which patterns belonged together”. Four of the five comments from the Study
Two students were positive. It is clear the student who commented negatively was a
non-native speaker of English because their comment indicated that they had difficulty
with the vocabulary used in both the method and the patterns. This difficulty with
vocabulary was also raised by the non-native English speaking participant in Study
Three.

One of the Study Three participants was very positive about the Ul-pattern modelling
method while the other two were less positive. These two participants acknowledge
they found coping with abstraction difficult.
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The Exit Questionnaire comments about the Ul pattern modelling method confirm the
conclusions drawn from the Patterns Questionnaire’s results that some students found
Ul-pattern modelling difficult but that the method was straight-forward to follow. The
participants in Study Three also found Ul-pattern modelling relatively difficult but all
three rated the method highly (Table 8.7). On completion of the TUIC modelling
activity they commented that they could then appreciate the value of the Ul-pattern
modelling process. When responses from both questionnaires are taken into account,

the overall response is supportive of Ul-pattern modelling.

Students in Study Two who followed up the Ul-pattern modelling exercise with a TUIC
modelling exercise commented positively about the TUIC modelling method.
Observations showed they were fully engaged in creating their TUIC models. The
participants in Study Three were also fully engaged in this activity. The students again
introduced modifications to the simplified version of the method and some of these have
been incorporated into the revised simplified version (Figure A9.2). These changes
were used in developing the full version successfully applied by the participants of
Study Three (Figure A9.4). Further evidence for the success of the TUIC modelling
method comes from the students’ and the participants in Study Three’s acceptance of it
as measured by their responses to the related sections of the exit questionnaire.

10.5.3 Efficacy of TUIPL
The overall tenor of the evidence from all the data (observations, model scores and

responses to the questionnaires) is that both modelling methods were successful. The
responses to the section of the Exit questionnaire asking students whether they thought
the methods could be used in the design of new user interfaces by a Ul design team
were positive. The three professional participants from Study Three judged that the
methods could also be used in a professional Ul design context. All these findings
indicate that although TUIPL was not designed for use in a ‘real world * situation, like
the model-driven approach developed by Seffah and Gaffer (2007), TUIPL provides
students with an ‘authentic’ Ul design experience in the spirit of the constructivist
theory of learning.

10.6  Summary

The quality of the models created in Study Three demonstrated that all three participants
created acceptable Ul-pattern models and TUIC models. They all viewed Ul patterns

positively. Overall, the evidence indicates that all three participants supported both
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methods and that together they could be part of a successful approach to Ul design.
These findings satisfy the first objective for this study.

Issues identified by other researchers were also apparent in this study. These include:
e The names of patterns can affect acceptance and comprehension,

e Users may need help with understanding and using patterns that refer to

comparatively abstract concepts,

e When starting to use Ul patterns the assistance of someone already familiar with Ul

patterns helps new users to overcome the initial learning curve.

The three participants were in agreement that communication between Ul design team
members would be enhanced because patterns would help members to develop a
common understanding of the problem domain. In the process of building the Ul-
pattern model and TUIC models the Ul patterns would help team members to
participate equally with professionals. Non-professional team members should develop
a better understanding of the Ul design processes and techniques being used. These
findings satisfy the second objective that the first two processes in TUIPL would be

viable in a professional setting.

If the three participants are reasonably representative of Ul-designers it is likely that Ul-
design teams could successfully create Ul-pattern models and TUIC models for new Uls.
The high level of agreement among the three participants provides justification for using

the techniques trialled when teaching students about Ul pattern-guided Ul design.

Reflecting on the teaching experience highlighted some issues that may need to be

addressed in future iterations of this design study.
1. Labelling arcs on the Ul-pattern model may improve students’ Ul-pattern models.
2. The ‘is-a’ relationships within a pattern language need to be clarified for students.

3. Students need time to reflect on their Ul-pattern models and encouragement to add

lower level details where necessary.

4. Students need to know that one purpose for building a Ul-pattern model is to guide
the subsequent development of a TUIC model.

5. Flexibility in timing for different activities during modelling tutorials is desirable.
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By using Ul-pattern modelling and TUIC modelling from TUIPL, student Ul designers
can be successfully guided in the use of a Ul pattern language to develop conceptual Ul

design models of an acceptable quality.
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Chapter 11: Conclusions and Further Work

The primary focus of this thesis has been on exploring tools and techniques for
educating students in the use of Ul pattern languages for detailed Ul design. The
research has been conducted within the framework of an education design study
(Shavelson et al. 2003). Underlying the educational activities was a constructivist
approach to learning (Jonassen 1999, Jonassen & Carr 2000, Jonassen et al. 1996). The
research explored aspects of how to assist students learning ‘about” and ‘through’ Ul
pattern languages (Griffiths & Pemberton 2004).

The initial project concept was to develop a computer aided learning environment (CAL)
similar to Leopard which introduced students to OO-programming (Kemp et al. 2009).
To be able to develop a suitable CAL tool it is first necessary to understand what
students are required to learn and how to assist their learning. An important outcome of
this research has been the development of the necessary understanding for successfully

introducing students to Ul pattern languages.

11.1 The Research Goal

The research goal for this thesis was to demonstrate that:

A user interface pattern language can guide student developers in the creation of

conceptual user interface models.

The three research questions raised by the research goal provided guidance for the
research. The findings relate both directly and indirectly to answering each question
have been discussed in depth at the end of appropriate chapters. Issues related to
answering Question One about characterising Ul-pattern languages are discussed at the
end of Chapter Four (Section 4.5). Results related to Question Two, on requirements of
a Ul-pattern language are discussed at the end of Chapter Nine (Section 9.4). The third
research question is directed at finding a pattern-driven Ul design method suitable for
use with students. Results related to this question are discussed at the end of Chapter
Ten (Section 10.5). The following sections summarise these discussions and reflect

more widely on relevant issues.

11.1.1 Question One: What are the characteristics of a Ul-
pattern language?
Seven attributes have been identified for characterising the internal structure of a pattern

language. Seven tests for determining the value of each of these attributes form the
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basis for a Ul pattern language maturity model (UMM). The first four of these tests are
used to determine the internal validity status of a pattern language. The final three
measure aspects of the secondary structure of a pattern language. External validity was
not explored although the measures of Ul pattern language maturity and complexity

may relate to it in part.

UMM was used to evaluate six published Ul pattern languages (Table 4.2), three of
which had a maturity status of moderately mature (Figure 4.4). Maturity status is an
important consideration for HCI educators because this research found in Study One,
and confirmed in Study Two, that when students are introduced to a pattern language,
an internally-valid Ul pattern language structure is desirable.

Maturity Rating
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Figure 11.1 - Graph showing the maturity ranking for each of the Ul pattern languages
analysed including two versions of TUI

Figure 11.1 shows that the first version of TUI used for Study One was not internally
valid, with a maturity rating of Moderately Mature (14). The version used for Study
Two was internally valid, with a maturity rating of Fully Mature (19). Students find
using an internally valid pattern language considerably easier as was demonstrated
when studies One and Two were compared (Section 8.5). This suggests that the HCI
educator needs to help students bridge the gap between using an internally valid version
of a pattern language and a commonly available version. Educators can use the UMM
to appraise the structure of existing pattern languages and identify potential problems
students may encounter in applying them. Such information is particularly useful when
planning modifications to help scaffold student learning (Wood & Wood 1996, van der
Stuyl 2002). For example, an internally valid version of a Ul pattern language could be
created and then the inconsistencies found in the original structure could be re-
introduced over a series of exercises. The scaffolding provided by an internally valid

pattern language is thus gradually withdrawn. The students should develop the skills
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and confidence to be able to use the ‘real world’ version of the Ul pattern language
successfully.

The research that led to the development of the UMM also identified the need for a Ul-
pattern model, an enhancement of the pattern list normally used to represent a design
based on Ul patterns (Davis 1983). This new graphical representation clearly shows the
network of selected Ul-patterns describing a specific Ul and explicitly identifies the

required relationships between the patterns.

The educator also requires a technique for demonstrating the use of pattern language
structure in Ul design. The Ul-pattern model appears to have promise for meeting this
goal. This graphical representation illustrates and enhances the pattern list (Alexander
et al. 1977, Davis 1983, Seffah & Forbrig 2002, Walldius 2003, Tidwell 1998, van
Duyne et al. 2003) normally used to represent a design based on Ul patterns. The Ul-
pattern model contains more information than the list because both the relevant
relationships connecting the patterns and the levels within the hierarchy are clearly
identified. The pattern list has been identified as a form of conceptual Ul model
(Erickson 2000, Seffah & Gaffer 2007) and therefore the Ul-pattern model is also a
conceptual Ul model. It forms a meta-language for an example Ul. Many physical Ul
designs can be built from the pattern descriptions identified by the Ul-pattern model.

It was recognised that introducing students to the Ul-pattern modelling technique has
potential to scaffold student learning about pattern language structure. This premise
was tested in studies One and Two. Results suggest that further research comparing the
use of Ul-pattern modelling with the pattern list approach is worth pursuing.

11.1.2 Question Two: Are there any specific requirements of a
Ul pattern language when used for teaching student Ul
designers?

This research has demonstrated that the structure of a Ul pattern language and the form

of the patterns can influence student learning when they are first introduced to them. It
was found that using an internally-valid form of the TUI pattern language that was fully
mature, helped to improve the models the students created. The impact of pattern
illustrations on student learning was established, with statistically valid results
supporting observations of other researchers (Dearden et al. 2002a, Chung et al. 2004,
Sharp et al. 2003, Finlay et al. 2002). In Study One the students appeared to place

undue importance on the initial illustrative example. By making these less prominent,
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students still had access to them and still reported that they were useful, but also appear
to have paid more attention to other pattern content. The use of the interpretational

diagrams in the form of TUIC models also appears to have benefitted student learning.

The patterns were rewritten so that basic relationships defining the primary structure of
the pattern language are clearly distinguishable from those defining the secondary
structure. The evidence indicates that this rewrite may have helped students to better

understand and use the structure of the TUI pattern language.

Students have been able to follow TUIPL’s methods successfully using TUI to guide the
creation of conceptual Ul models for existing Ul examples. In studies One and Two
they created creditable Ul-pattern models and in Study Two creditable TUIC models.
Importantly for the success of any teaching oriented pattern language, in both studies

the majority of students reported positively on their experience of using TUI.

The professionals from Study Three and the students from Study Two all learned about
TUIC components and TUIC modelling from working with the diagrammed Ul-patterns.
This was demonstrated by the scores of their TUIC models which were high. The
students” TUIC test scores were also high. Being able to learn new material contained
within the pattern language is also a necessary requirement of a teaching oriented
pattern language.

There are still issues that need addressing. After using TUI to build the Ul-pattern
model, learning issues raised were similar from both the professional Ul developers
from Study Three and the students from studies One and Two. Both students and
professionals suggesting that names of patterns might affect both comprehension and
acceptance. They also saw abstract concepts present in some patterns as potential

problems for both comprehension and use.

These professionals from Study Three responded positively about their experience using
Ul patterns, confirming findings by other researchers (Chung et al. 2004, Segerstahl &
Jokela 2006, Lin & Landay 2008, Bernhaupt et al. 2009). This finding is significant
because it is important to introduce students to a tool that is acceptable to professionals

developers to provide the students with a realistic experience.
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11.1.3 Question Three: How can student Ul designers be
successfully guided in the use of a Ul pattern language
for developing conceptual Ul design models?

The discussion of this question came at the completion of Study Three and drew

together the threads from all three studies. Even given all the limitations of quasi-
experiments, pre-experiments and case studies, due to the weight of corroborating
evidence, it is possible to conclude that the two methods from TUIPL trialled were

successful, and are suitable for teaching students ‘about’ and ‘through” Ul patterns.

Study Three demonstrated that with a facilitator to guide learning, the professional
developers created two types of Ul conceptual model using the respective methods.
They created creditable Ul pattern models and TUIC models for a new Ul based on a Ul
specification. All three professionals reported that they particularly enjoyed creating the
TUIC models.

Study Three confirmed that using TUIPL would provide students with a Ul design
experience that represents real-world practice, which is fundamental to the
Constructivist approach (Jonassen 1999). The results from the research also indicate
that there is value in further iterations of the Design Study. For example, the response
of the participants in the third study was very positive suggesting that the next stage of
the Design Study should be to have students use the TUIPL framework to create

conceptual models for new user interfaces.

11.2 Limitations

The three studies reported in this thesis comprise the early iterations of a design study.
Design studies can be characterised by being applied in the messy situation of the real
classroom (Shavelson et al. 2003, Collins et al. 2004). There are generally multiple and
often complex dependent variables, and the research design is characterised by a
process of flexible revision. Often variables are not controlled and interaction between
participants is expected and usually encouraged. The researcher provides a description,
characterising the context in which the research occurs and develops a profile of results
based on both qualitative and quantitative data.

Threats to the validity of any conclusions have been identified in relevant places
throughout the preceding chapters but the main limitations are reiterated here for
completeness. Conclusions from design studies need to be qualified because of the
recognised threats to validity of results (Brown 1992). Control groups and
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randomisation in the tradition of scientific experimental design are not possible.
Because the research is carried out in the ‘natural’ classroom many factors may
influence outcomes will be unknown and/or uncontrollable. However, multiple research
methods and data collection techniques were employed, with triangulation used to
provide confirmation of results and to increase confidence in any conclusions drawn

from them.

The students for the two studies came from two different cohorts. They were all drawn
from the population of students enrolled in the introductory HCI course over the years
that this course has been taught. All these students had satisfied the same entry
requirements and the same faculty had run the course for many years. In both years the
same text book, lecture programme and similar assessment were used. The tutorials
were presented in the equivalent week of the semester in both years. However, there is

a minor risk to the validity of the results because of some unknown influence.

Care was taken to ensure the backgrounds of the three professionals who participated in
the three case studies were as varied as possible to reduce threats to any conclusions
drawn from them. Although the researcher, in the role of a participant-observer,
facilitated each participant’s learning of the methods, care was taken to not to be pro-
active in the manner of the facilitators reported in studies by Finlay et al. 2002. The
researcher only intervened if the participant appeared to be having difficulties by
inquiring if they would like some clarification. Field-notes were kept (Appendices A26
& A27).

One threat that could not be controlled was that the three professional participants from
Study Three knew the researcher and this may have influenced their responses. There is
a danger that they were overly sympathetic about ensuring positive outcomes for the

research.

This research was exploratory and any generalisations based on the results have to be
qualified. For example, if the experiments are repeated in any other teaching context
the outcomes may be different. The teaching materials and suggested processes were
developed then refined during the course of this research, and should be a useful
resource for other researchers and educators working in this field. It is only by further
iteration and replication that they will be improved and predictable outcomes in

identifiable contexts will be possible. This process of successive refinement underpins



Chapter 11: Conclusions 261

the design study approach. The conclusions that follow should be read with these

limitations in mind.

11.3 Research Contributions

Within the limitations of conducting research in a classroom setting, the students
involved in these studies have clearly been able to use a Ul pattern language to guide
the creation of Ul conceptual models for existing Ul examples. The research shows that
by creating a Ul pattern language specifically structured for teaching, students can more
easily use the patterns in the Ul design process. The students could readily follow the
two methods from TUIPL trialled in Study One and Study Two. Students created
creditable Ul-pattern models. In Study Two students also created creditable TUIC

models. Both these models are forms of Ul conceptual models.

Further support for satisfying the research goal comes from the questionnaires. In both
studies the majority of students reported positively on the experience of using TUI, and
the TUIPL framework. Study Three showed that with the aid of a facilitator,
professional developers could develop sufficient competency with the two conceptual
modelling methods in a limited time period to create creditable Ul pattern models and
TUIC models for a new Ul based on the specification. The TUIPL framework was

shown to provide the students with an “authentic’ real world experience.

The cumulative effect from the four different sources of data, results in positive
outcomes, which add to the validity of the conclusion that the research goal has been
satisfied.

Griffiths and Pemberton (2004) identified three ways in which Ul patterns could be
used to educate students: about Ul pattern languages, through Ul pattern languages and
with Ul pattern creation. They report on using patterns in all three ways, as did
Borchers (2001a, 2002) and Barfield et al. (1994).

This research has explored aspects of how to assist students learning about and through

Ul pattern languages. The research outcomes are:

1. The development of the TUIPL framework: This is a Ul pattern-guided design
framework created specifically to introduce students to Ul conceptual design. It was
developed to provide students with a ‘real world” Ul design experience in line with

constructivist learning theory.
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The development of the Ul-pattern model: This is a new graphical representation
that enhances the sequence of patterns selected to represent a Ul. It has been shown
to aid in the incremental development of a Ul pattern language because it identifies
both patterns and relationships between patterns that require modification, addition
or deletion. The process of developing the Ul-pattern model can help identify where
new patterns are required. This is a form of generative process identified by
Alexander (1979).

The development of the TUIC model: This is a new form of Ul conceptual model

that combines the CAP symbols and navigation symbols of abstract prototyping.

The development of UMM: This is the first stage of a proposed Ul pattern maturity
model that can be used to characterise the structure of a Ul pattern language and to
compare existing Ul pattern languages. The first four criteria tested by UMM
determine whether a Ul pattern language has internal validity. The other three
assess the secondary structures.

The development of the validated pattern map: This diagram is a restricted form of

the pattern map and models the primary structures characterising a pattern language.

The development of TUI: This is a Ul pattern language specifically designed for
introducing students to Ul pattern languages. It is internal valid and each pattern
includes a TUIC model diagram illustrating the essential elements of the solution.
Illustrated examples are placed at the end of the pattern where they are accessible

but not easily equated as ‘being’ the pattern.

A set of teaching materials: These provide artefacts and procedures for introducing

students to pattern-guided Ul conceptual design.

This research examined a number of foundation issues that needed to be clarified to

improve the learning experiences of students when introducing them to using Ul

patterns in Ul design. The main research findings are:

1.

2.

That UMM can be used to compare Ul pattern languages.

That Ul-pattern modelling is a suitable method for guiding the incremental

development of a Ul pattern language’s structure; a form of a generative process.

That Ul-pattern modelling can be used by educators to modify Ul pattern languages
so they can better meet the needs of their students.
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4. That by building Ul pattern models educators can identify inconsistencies in
existing Ul pattern languages and use this knowledge to scaffold student learning.

5. That a student can use the TUI pattern language to guide them in developing two

types of Ul conceptual model: Ul-pattern models and TUIC models.

6. That a student can use the TUIPL framework with the TUI pattern language to learn
about the CAP symbols of the TUIC components and learn how to use the TUIC

components to create creditable TUIC models.

7. That tailoring the form of the participating patterns and the structure of the UI
pattern language, TUI enhanced learning when students were being introduced to
using Ul patterns in a Ul design context.

8. That the position, size and type of illustration used in patterns can influence student

learning outcomes.

9. That a student can develop their understanding of Ul pattern language structure
through the successful application of the Ul-pattern modelling method.

11.4 Recommendations for Teaching

Although not directly related to the research questions, the incremental development of
the instruction over the first two studies was discussed in Section 8.7. Such
improvement is a fundamental goal of the over-arching Design Study. The results from
this research indicate that student learning can be improved when they are introduced to

Ul pattern languages.

Reflections of the researcher on experiences in facilitating the learning of the
participants in the case studies in Study Three, also provides insights into potential

improvements that may help student learning. These were reported in Section 10.4.3.

When introducing students to Ul pattern languages and Ul conceptual modelling as part
of an introductory HCI design course, it is recommended that educators:

1. Use a validated pattern language akin to the diagrammed version of TUIL. This
includes ensuring that only basic relationships are identified in the context and
reference sections of the pattern. Other relationships should be introduced and

discussed in another part of the pattern e.g. the discussion section of each pattern.

2. Use Ul-pattern models to help convert an existing pattern language into an internally

valid pattern language for use in teaching.
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3. Use Ul-pattern modelling to help students understand pattern language structure.

4. When modifying patterns for student use, illustrate the essential elements of the

solution using interpretational illustrations such as the TUIC model diagrams.

5. Provide illustrations of archetypical examples in all patterns, but move these to a
less prominent position than the beginning, near the end of the pattern form. Also

ensure that size does not draw undue attention to any illustrations.

6. Introduce the students to the methods defined by TUIPL to guide their Ul design

processes.
7. Encourage the students to work with the Ul patterns in small design groups.

8. Provide time and encouragement so students review their models, and at some stage

during the process remind students to consider modelling lower level details.

9. Provide an overview of TUIPL before introducing each method so the student is

given a clear purpose for building the Ul-pattern model.

11.5 Future Research

This research commenced with an investigation into the nature and structure of Ul
pattern languages because educators need to understand what they are teaching. This
led to the development of UMM, which is useful for educators to employ when
selecting a suitable Ul pattern language for students and for comparing Ul pattern
languages. When developing a teaching-oriented pattern language UMM can be used to
evaluate whether the structure of the pattern language is improving. Research required

to progress the development of UMM should include:

1. The application of UMM to a number of substantial Ul pattern languages, after

careful analysis of the relationships identified as links between patterns.

2. The development of UMM to identify key factors that characterise each stage of the

maturity of a Ul pattern language.

3. The use of Ul-pattern modelling to model a series of Uls, and track the impact such
modelling has on the development of an existing Ul pattern language and its
changing maturity status. Such a study could confirm the premise that modifying a
Ul pattern language, based on inconsistencies identified through repeated use of Ul-

pattern modelling, is a generative process.
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Further research should investigate a number of issues raised during the iterations of the
design study and progress it to the next stage. It should be able to gather evidence

supporting or refuting findings from the current research. The issues are:

1. Ul-pattern models were used to convert a set of existing patterns into a validated
pattern language. This process could be incrementally reversed to remove
scaffolding provided by the validated pattern language until students can
successfully use the original ‘real world’ pattern language structure. A study is

required to establish whether this process works.

2. Ul-pattern models were introduced to help students more easily understand pattern
language structure. The results of the experiments reported here indicate that there
is value in carrying out further studies to investigate the creation of the Ul-pattern
model. Firstly, to determine whether Ul-pattern modelling helps students better
understand pattern languages and secondly whether students can better use the
structure of a pattern language, when compared to using the standard pattern list
approach. The modification of the notation to use a different representation of the

‘is-a’ relationship also requires testing.

3. Although not fully explored in this study the success of the TUIC model illustrations
in helping students identify the essential elements of a pattern’s solution indicates
that using interpretational illustrations might assist students in understanding and
using pattern language structure. A study needs to be designed to test whether
additional diagrams illustrating the context and reference sections in a pattern can
improve student understanding of using pattern language structure. For example a
simple diagram could be added to the reference section of each pattern. These could

be used when students are first introduced to a pattern language.

TEXT DIAGRAM

The information describing an artefact must be displayed. The
information may be changed over time.

Callection
beside Contert

High Density
Infarmation

Stack of
Working Surfaces

Like most patterns that can an overview description of a user |
interface, this pattern can also be used for the content part of ~. |
the pattern COLLECTION BESIDE CONTENT or for S

information on a surface in a STACK OF WORKING | 03— Current Properties |
SURFACES and also as part of a display of HIGH-DENSITY
INFORMATION.

Table 11.1 — Example of diagram that could illustrate the context sections of pattern ‘03 —
Current Properties’
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A similar diagram could be used to illustrate the context section as shown in Table
9.3. This scaffolding could be withdrawn once students have gained experience

with using the pattern language.

The use of TUIC models as interpretational illustrations of the essential elements of
a pattern’s solution appears to have a positive outcome on student learning. Some
patterns use annotated images of example Uls to highlight points relevant to the
pattern’s solution. This technique needs to be investigated to establish the extent to
which it helps student learning. In a teaching oriented Ul pattern language both the
above techniques should probably be used together. But further studies are needed
to confirm whether this would be beneficial.

The format of the Ul patterns used in this research followed closely the form used in
Tidwell’s ‘Common Ground’ pattern language. Most recent versions of Ul pattern
languages have used a variant of the ‘Use when’ form seen in the latter versions of
van Welie’s ‘Patterns in Interaction Design’ pattern language. Further studies are
needed to discover whether there is any significant difference in student perception
of using the two pattern forms, and the quality of Ul-pattern models and TUIC

models created by students when using them.

Some of the Ul pattern collections (van Duyne et al. 2003, Tidwell 1998) included
questions for selecting patterns when solving a specific problem. Alexander et al.
(1977) also includes a set of questions to guide pattern selection from different
levels within the hierarchy. A set of questions guiding the selection of an initial set
of patterns which are then organised into a Ul-pattern map is a viable alternative
methodology. Such a method should also be investigated to discover whether such a
set of questions could help students make better choices in selecting appropriate

patterns when working with a large Ul-pattern language.

Only stages One and Two of the TUIPL framework have been trialled with students.
A research study needs to be designed to adequately trial the third stage, where the

selected patterns are modified to reflect the context of the Ul being modelled.

A further study is required to trial the TUIPL framework with student participants
creating designs for new Uls. The students should be first introduced to the
methods of the different stages of TUIPL using a process similar to that described
for Study Two of this research. Next TUIPL should be used to guide the creation of

models from a Ul specification like that first used in Study Three.
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9. The aim of the overall Design Study is the specification of a computer-aided
learning environment to provide educators with a tool for creating suitable learning
materials and a tutoring system to guide students as they learn about Ul pattern

language-guided design.

Groupings :
|
¥
M Patterns Secondary
Primary Patterns | retetion ,\E | Teaching
w23t :-"z"l_iz r . J » JUI dezign through
L LY
p- T i, MY | YPattern Languages
MUIP i
Leaming
Store Envirgament

selection &

{Web+DE) (structunsdiby TUIPL)
structure
%:}, umm fe——

CONCEPTUAL MODELLING

;4 Ui-pattem models
TUIC models
Reports I —

Figure 11.2 - Proposed architecture for a computer aided learning environment to teach
about Ul design through pattern languages

Figure 11.2 shows an overview of the architecture of such a system. This system
requires a pattern management system similar to MUIP (Section 2.3.3.2), to store
appropriate Ul pattern languages. It should have facilities to create special-purpose
teaching pattern languages, such as TUI, and enable output of stored patterns in
different forms. The tutoring system would be structured around a suitable teaching-
oriented pattern-guided Ul design system like TUIPL, with sets of graded exercises and
Ul design problems based on constructivist learning theory. Ideally this system should
also include visualisation tools for viewing pattern maps and validated pattern maps.
Visualisation tools are also required for creating the conceptual models: Ul-pattern
models and TUIC models. There should also be an associated tool for reporting on the
maturity of a pattern language to aid educators in the selection and development of Ul
pattern languages. The computer-aided learning environment should also be capable of

presenting intermediate forms of a pattern language as scaffolding is withdrawn.
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Abbreviations

CAP — Canonical Abstract Prototype

GUI - Graphical User Interface

HCI — Human to Computer Interface

PLML - Pattern Language Markup Language (Pel-mel)
PBL — Problem Based Learning

SE - Software Engineering

TUI - the Teaching User Interface pattern language
TUIC - Teaching User Interface Conceptual model
TUIPL - Teaching oriented User Interface design guided by a Pattern Language
UCD - User-Centered Design

Ul — User Interface

UMM - Ul-pattern language Maturity Model
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Appendix Al: Pattern Language Maturity Model
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Table Al1.1- Maturity level goalsfor each Ul pattern language structural attribute

The set of rules that form the tests for determining a pattern language’ s maturity status
are described below. The scales for the tests are used to establish the maturity of pattern

languages and can be used to compare pattern languages and to calculate a pattern

language maturity index.

Al.l

Maturity Model Tests

When assessing internal validity of a Ul pattern language results from primary structure
tests are evaluated as a pass or fail but are assigned a value when used to assess maturity.
Secondary structures relate to how complicated the Ul pattern language’ s structureis

becoming.

Primary Structure Tests - Internal Validity
1. Do the references and contexts linking the patterns form a validation pattern map

including at least ninety percent of the patterns?
(None, Minimal, Possibly, Devel oping, Devel oped, Mapped)

2. Canthe map be ordered into at |east one hierarchy with at least three levels below
root level?
(None, Minimal, Possibly, Developing, Developed, Hierarchical)

3. Can thelayers making up the hierarchy be used to describe a Ul at different levels of
granularity?
This can be demonstrated by creating a Ul-pattern model for an example Ul.
(None, Minimal, Possibly, Devel oping, Developed, Modelled)



4. Isthe difference between the context map and the idealised map less than twenty
percent and similarly between the reference map and the idealised map?
(None, Minimal, Developing, Devel oped, Matched)

Secondary Structure Tests
5. How 'complex’ are the links within and across levels of the hierarchy?

(None, Minimal, Possibly, Developing, Developed, Complex)

6. How 'rich’ are the relationships linking the patterns?
(None, Possibly, Developing, Developed, Rich)

7. How many alternative views can be identified when using this pattern language?
(None, Possibly, Developing, Devel oped, Views)

Al.2 Scales for Assessing Maturity Criteria

The scales for each of these measures are qualified by how connected the patternsin the
pattern language being assessed are. Two forms of connectivity are considered. First,
for the primary structures the connectivity of the validated pattern map is important.
The validation pattern map isrestricted to just those links representing the basic
relationship types. Secondly, some measure of the connectivity of the pattern map
which includes links of any relationship typesisimportant. Connectivity isthe
percentage of the patternsin the pattern language that are linked to one or more of the
other patternsin the language.

Measurement Scales for Primary Structures
Only basic relationships areincluded. They are: contained and the inverse is-contained-

by and the generalisation-specialisation relationship is-a. For the Hierarchy,
Abstraction and Match scal es the measure of ‘Developing’ requires the connectivity of
the validated pattern map to be at least seventy percent. The measure of ‘ Devel oped’
requires the connectivity of the validated pattern map to be at least ninety percent.

1. Validation Map Scale
None [<10%)] —thereis less than ten percent connectivity between patterns.

Minimal [<50%] — connectivity of the validation pattern map is less than fifty percent

Possibly [>80% undefined link types] — connectivity of the pattern map is at |east eighty
percent but patterns don’t indicate relationship types. Alternatively no detailed
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analysis has been made of the patternsin the language so relationship types

remain unclear.

Developing [ <70%] — connectivity of the validation pattern map is less than seventy

percent.

Developed [ <90%)] — connectivity of the validation pattern map is less than ninety

percent.

Mapped [>=90%)] — connectivity of the validation pattern map is at least ninety percent.

2. Hierarchy Scale
None [ <50% connectivity] — Not sufficiently connected to determine valid hierarchies

Minimal [<70% connectivity + 1 level parent] — connectivity of the validation pattern
map is less than seventy percent. One or more partial hierarchies are clearly

identifiable with at least one layer below an identifiable parent.

Possibly [>80% undefined link types + partial] — connectivity of the pattern map is
greater than eighty percent. Some apparent hierarchies of patterns can be
identified but relationship types are unclear.

Developing [ <90% connectivity + 2 levels parent] — connectivity of the validation
pattern map is less than ninety percent. One or more partial hierarchies are clearly

identifiable with at least two layers below an identifiable parent.

Developed [>=90% connectivity + 2 levels root] — connectivity of the validation
pattern map is at least ninety percent. It can be ordered into one or more

hierarchies where at least one hierarchy has at least two levels below aclear root.

Hierarchical [>=90% connectivity + >= 3 levelsroot] — connectivity of the validation
pattern map is at least ninety percent. It can be ordered into one or more

hierarchies where at least one hierarchy has at least three levels below a clear root.

3. Abstraction Scale
None [ <50% connectivity] — Not connected enough or no usable levels of granularity

can be identified.

Minimal [<70%] — connectivity of the validation pattern map is less than seventy
percent. Some groups of patternsin identifiablein partial hierarchies are at the

same level of granularity.



Possibly [ <80% undefined link types] — connectivity of the pattern map is greater than
eighty percent. Relationships are unclear but some groups of patterns appear to be
at the same level of granularity and can be used as a generalised description of a
Ul.

Developing [>90%] — connectivity of the validation pattern map is at least seventy
percent. Some groups of patternsin identifiable hierarchies are at the same level

of granularity and can be used as a generalised description of a Ul.

Developed [ >=90%)] — connectivity of the validation pattern map is at |east ninety
percent. The layers making up the hierarchy can easily be used to describe a Ul at
different levels of granularity.

Modelled [ >=90% plus demo] — connectivity of the validation pattern map is at |east
ninety percent. Levelsof granularity demonstrated with Ul examples, e.g. Ul-

pattern models.

4. Match Scale
None [ <70 connectivity] — Not connected enough. There are no matches or context and

reference maps cannot be created

Minimal [<90% connectivity + <20%]| —the number of context and reference links that

match is less than twenty percent.

Developing [ <90% connectivity + <50% match] — connectivity of the validation pattern
map is less that ninety percent, and/or the number of context and reference links

that match is less than fifty percent.

Developed [>=90% connectivity + <80% match] — connectivity of the validation
pattern map is at least ninety percent. The number of context and reference links
that match is less than eighty percent.

Matched [>=90% connectivity + >=80% match] — connectivity of the validation
pattern map is at least ninety percent and the number of context and reference
links that match is at least eighty percent.
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Measurement Scales for Secondary Structures
For the Complexity, Richness and View scales the measure of ‘ Developing’ and above

reguire the connectivity of the pattern map to be at least ninety percent.

Complexity Scale
This scalerelatesto firstly, the number of inter-level links, that isthe number of links

between patterns on the same level in the underlying hierarchical structure and secondly,
the number of intra-level links which are links that cross over more than one level of the

underlying hierarchy.

None — no complete hierarchies and/or so many undifferentiated links the user of the

pattern language becomes confused.

Minimal [>=80% connectivity + <5%]| — connectivity of the pattern map is greater than
eighty percent and one or more hierarchies can be identified but less than five

percent of the links are intra-level links and/or inter-level links identified.

Possibly [>=80% connectivity +>50%] — connectivity of the pattern map is greater
than eighty percent. But more than fifty percent of the links are intra-level and

inter-level so that it is excessively complex.

Developing [>=90% connectivity + >=1 hierarchy + <25%]| — at least ninety percent
of the patterns are linked and one or more hierarchies can be identified. But less
that twenty-five percent of the links within at least one level are intra-level links

and some inter-level links identified.

Developed [>=90% connectivity + >=1 hierarchy + <35%] — at least ninety percent of
the patterns are linked and one or more hierarchies can beidentified. But less

than thirty-five percent of the links are intra-level links and inter-level links.

Complex [>=90% connectivity + >=1 hierarchy + >=35%]| — at least ninety percent of
the patterns are linked and one or more hierarchies can be identified. More than
thirty-five percent of the links are intra-level links and occur in more than half of

the levels below the root.

Richness Scale
None — non-basic types of relationship cannot be identified.



Possibly [>=80% connectivity + some non-basic links] — connectivity of the pattern
map is greater than eighty percent, and some non-basic relationship types have
been identified

Developing [>=90% connectivity + <10% non-basic links] — some, but less than ten

percent of the relationships are of non-basic types.

Developed [>=90% connectivity + >=10% non-basic links] — at |east ten percent of all

relationships are of non-basic types
Rich [>=90% connectivity + >20% non-basic links] — over twenty percent of the

relationships are of non-basic types.

View Scale
Scaleisrelated to the primary structure hierarchy characteristic.

None — no useful partial hierarchies identified.

Possibly [ >=80% connectivity + partial hierarchies| — connectivity of the pattern map
is greater than eighty percent. More than one partial hierarchy with a specific
focus can be identified

Developing [ >=90% connectivity +1 hierarchy] —the pattern map can be organised

into one hierarchical structure.

Developed [ >=90% connectivity +2 hierarchy] — the pattern map can be organised into
two overlapping hierarchical structures.

Views [>=90% connectivity +>2 hierarchy] — the pattern map can be organised into

more than two overlapping hierarchical structures.
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Al1l.3 Creating a maturity Index

The overall maturity rating for a pattern language is calculated by summing the scores
for the four primary structures, and adding to that the sum for the three secondary
structures multiplied by four over three so that the scores for both sets of structures have

equal weighting.

Pattern Language Rating = ROUND( SUM(Map + Hierarchy + Abstraction + Match)
+(SUM(Complexity + Richness + Views) * 4/3),0)

Al.4 Examples

Table of Attribute Values for Eight Ul pattern languages

Map | Hierarchy | Abstraction | Match | Complexity | Richness | Wiews | Rating
Gul| 0 ] 1] ] 0 1] 0 0.0
Common Ground 1 1 N 0 n N 1 33
WEE | 1 1 1 ] 1 1 1 7.0
E-commerce 3 3 2 1] 1 1 2 13.3
Site Desiogn 3 3 1 0 1 1 3 13.7
HCI | 3 3 3 3 1 1 1 16.0
T w1y | 3 K] K] 1 1 1 1 14.0
T W2y [ 3 3 3 3 3 1 1 18.7
Graph of Attribute Values for Eight Ul pattern languages
Maturity Rating
24
Fully Mature 1s 19 &
16 #
Moderately Mature 13 e 14 + 14 +

1z

Partially Mature
3

Immature 3 e

==
*

GuI Commaon WEB E-commerce Site Design HCI TUl{v1) TUl {v2)
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Appendix A2: The Ul-pattern Model

A2.1 Ul-pattern modelling

1. Create apartia pattern map by linking selected patterns together.
2. Removeal linksthat could not be classified as abasic type.

3. Removedirectiona arrows from the arcs.

4. Identify potential roots.

5. Identify relevant links by creating an overlay and removing unnecessary
relationships.

6. Redraw the graph of relevant links identifying nodes by both pattern id and name.
7. ldentify any missing links.
8. Correct existing links.

9. Add duplicated patterns where they are required to describe a distinct feature of the
ul.

10. Add labelsto relevant arcs related to Ul components and interaction spaces

A2.2 Example: Outlook Today view

The partia pattern map in Figure 3.3 showed the twenty-two patterns selected to
represent the Outlook Today view using links depicting all relationships identified
between the participant patterns plus those that could be inferred from the text. The
following procedure describes how this model is converted into the first version of the
Ul-pattern model.

Figure A2.1 - Partial pattern map for Outlook’s Today view using just basic relationships
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The steps are:

1. Createapartia pattern map by linking selected patterns together.

2. Removeall linksthat could not be classified as abasic type.

3. Remove directional arrows from the arcs. This new diagram, shown in Figure A2.1,
looks similar to avalidated partial pattern map where all relationships matched.

4. Identify potential roots. Figure A2.1 shows that the only pattern with no context
linksis Pattern ‘34 Choice from alarge set’ which is clearly not a potential root.
Study of pattern content indicates that Patterns ‘02 High-density info display’ and
‘03 Status display’ are general descriptions and are potential roots. Pattern 3 was
rejected as the root because of the amount of information that needs to be displayed
and the relatively complex structure of the information. Therefore Pattern 2 was
selected.

19
2 ‘_‘
ailba d ab ol oo “" = ;s 41 31
R T 1e=0zi08 O e
40
17 Elw o e
Y “., eefe
aEz
i s, F
Figure A2.2 — Graph of patterns overlaying example Ul
5. ldentify relevant links by creating an overlay and removing unnecessary

relationships. To create the overlay place the pattern identifying numbers (ids) near
the parts of the example Ul that they referred to as shown in Figure A2.2.

Rel ationshi ps between patterns that did not appear relevant to this example were
removed. The resultant graph formed theinitial backbone for the hierarchy building

activity.



Error! Reference source not found. Error! Reference source not found.

Many of the remaining relationships can be described as relating to a spatial
component of the Ul but temporal components were also identified. For example,
the map shown in Figure A2.2, has alink directly between Pattern ‘40 Toolbox’ and
Pattern * 18 Short description’ but there is al'so a chain of links from Pattern 40 to
Pattern * 17 Pointer shows affordance’ and then from Pattern 17 to Pattern 18. When
used in an actua situation the pointer will show affordance when coming into the
space of a specific tool and a short description would appear in auser’s view.

Therefore just the reference chain was retained: patterns 40 to 17 to 18.

6. Redraw the graph of relevant links identifying nodes by both pattern id and name.
After re-examine each pattern’s context and reference sections, any links found to
be required should be reinstated.

19 Sovereig

2 High-density Post
osture

Info Display

R

. -
-
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31 Convenient| -
Environment ="

9 Overview 42 Personal

Beside Detail - Object Space
PR M ~ .- -
- rd " — . -7
SO - ~_
N[5 it -|-&'Navigable
'\?6 N;wqa}li)n " Spa?:es 48 Remembered [ 41 User
NVEAP "mpel State Preferences
e '-'\ 27 Clear_
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~, s L 0 e —_—7i
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detailon Set RN S~s.. T/ viacontext
; Displa S~o
demand ! S Ssel. TTTTET New
A - NN\
== ~

\
35 Choice f§
a Large“set

17 Pointer
shows affordance

34 Choice from| 7171 éroup 51 Important 16 Disable
a Small set Related Message Irrelevant things

—

18 Short
Description

Figure A2.3 — Restructured partial pattern map for the Outlook example

7. ldentify any missing links. Four kinds of relationship have been used to create the
modified graph found in Figure A2.3. Solid lines represent the existing
relationships. Based on observed behaviour and placement of widgets, six new
relationships were added. These are shown as dotted lines. Figure 12 had two
patterns with no context relationship linking them into the hierarchy: Pattern ‘34
Choicefrom alarge set’ and Pattern * 26 Navigation map’. New relationships were
created to link them into the hierarchy. Pattern 35 has been linked to Pattern * 10
Hierarchical Set’ so that items can be selected from such an organisation. Pattern 35
has also been linked to Pattern 3 “ Status display’ to represent the set of entriesin the
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calendar, along selectablelist. The other new relationships were added so that
descriptions at a specific level were more complete. For example, the link from
Pattern ‘2 High-density information display’ to Pattern 31 * Convenient
environment’ to represent the actions that can be carried out with the main window

such as resize, close and minimise buttons.

Correct existing links. Corrections modifications required related to existing
indirect links between the patterns either viareference links or via context links.

For example, patterns 34 and 35 are both concerned with choices from sets and both
had defined links to Pattern 18 * Short Description’ which links back-up to Pattern
17 *Pointer shows affordance’. For describing the behaviour observed in the
example Ul, linking patterns 35 and 34 directly to Pattern 17 was a more accurate
description as the pointer would have to pass over a chosen item before the short

description would appear.

0.

Figure A2.4 — Almost complete Ul-pattern model for the Outlook example

Duplicated patterns where they are required to describe a distinct feature of the UI.
Figure A2.4 shows duplicates are prefaced with an asterisk. At the lower levels, for
example, Pattern 3 is repeated three times representing the spaces required for the
Calendar information, Tasks and Messages respectively.
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— | minim
N
Mailbo

oolbox [-eerview

Besioe Dt

Figure A2.5 - Completed Ul -pattern model with labelled arcs
10. Identify sections (sub-trees) that match Ul interaction spaces. The descriptions
generated by the levels and within sub-trees based on the Ul-pattern model have a

strong spatial component. For example, from level one the example screen from
Outlook (Figure A2.2) can be described as having three main areas. These can be
seen aslabelled arcsin Figure A2.5. First Pattern 40 ‘ Toolbox’ representing the
area were the toolbars are found. The second area represents the main structure of
the information is represented by Pattern 9 * Overview beside detail’ for the two
main panels shown in the example. The third area represents convenient actions

such as ‘Minimise’, ‘Resize and ‘Close'.
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Appendix A3: Studies One & Two — Pilot
Studies

A3.1 The Pilot Studies for Study 1

Two pilot studies were run with participants who had completed the HCI course that
research participants were enrolled in. The pilots were run to check both artefacts and
procedures. The researcher acted as a pseudo-partner in each pilot but focussed on
ensuring the research materials were understandable and procedures could be followed
as expected. Checking timing was critical because the time available was limited.

The introduction was presented using paper copies of slides. Neither subject had any
problems with the architectural example and one subject made comparisons with
Software Engineering design patterns. Both participants identified grammar and
comprehension problems with the instructions, questionnaires and pattern content.

M odifications were made between the two pilot studies so those problems found in the
second pilot were minimal. After completing the first exercise the first subject provided
useful feedback that using the pattern names as part of the Ul-pattern model made them
more understandabl e than using just the pattern’s id number.

The researcher observed how the subject approached building the Ul-pattern modelling
exercise. No pattern list was provided for the first pilot and the subject suggested that
thiswould be helpful. A copy was provided for the second pilot and this subject
marked the pattern names on it as they used them, commenting that it was helpful to be
ableto see dl the pattern names together.

The Ul example used for both exercisesin the first pilot proved to be too difficult to
complete within the time period available. The examples were simplified for the second

pilot and were completed within the time available.
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A3.2 The Pilot Studies for Study 2

Two pilot studies were run to trial the changed experimental artefacts and procedures
for Exercise One and the new set of artefacts and procedures for Exercise Two. One of
the subjects had completed an HCI course. The second participant had the prerequisites
for enrolling in the HCI course. This subject was selected because the lecturer had
reservations about whether the students would be able to complete the TUIC modelling
exercise without amore traditional introduction to the new material. The premise was
that if apotential student who had not yet completed studying the HCI course could
learn how to complete the TUIC model using the proposed method then the students

enrolled in the course should not have any difficulty.

Aswith the pilot studies for Study Two the researcher acted as a pseudo partner in each
of the pilots. Again timing was critical due to the two hour time limit available for the
tutorial.

The first pilot was run with the subject with a background similar to the students. The
protocol for this pilot included a pre-test for the TUIC modelling but it was clear that
there was not enough time for this activity. The results indicating the subject did not
know anything about TUIC modelling. It was eliminated. The TUIC post-test was
shortened because the original test took too long to complete. This subject suggested

that the pattern list include the lists of context and reference links.

The modified procedure was used with the second subject who only had the prerequisite
background and they completed it within the time limit. The patterns list annotated with
the context and reference link information was only used with the second exercise. No
problems were encountered with the modified TUIC modelling questions. The second
pilot subject found creating the Ul-pattern model particularly demanding because they
had difficulty interpreting some of the Ul terms used in the narrative descriptionsin the
patterns. On the other hand they were very enthusiastic about the TUIC modelling
exercise. They had no problems with the TUIC components test, scoring over ninety

percent.

Observations of the subjects and comments they made while working with the patterns
and the Ul-pattern model as they created their TUIC models suggested changes that
needed to be made to the TUIC model diagrams illustrating the solutions in some of the
patterns. After working with the first subject alternative diagrams using both generic
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symbols and active materials were created for patterns 07, 10, 11 12 and 13 (Appendix
8). These changes were implemented and used with the second subject. During the
TUIC modelling exercise it was clear that three other patterns should be modified to
demonstrate different representations. These were hand-drawn on the patterns as
modelling proceeded to explain the options available. The changes included providing
examples of two ways of representing nested interaction spacesin patterns 03 and 06,
and showing how one of the patterns used by another could be included in the solution
for Pattern 08. A more explicit example for Pattern 14 showing a collection of actions
was added as the subject had difficulty interpreting the repeat symbol.
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Appendix A4: Studies One, Two & Three -
Information Sheets

The following information sheets were given to potential participants in the different
studies so that they could decide whether to participate. If they agreed to take part they
then signed an appropriate Ethics Form as specified by Massey University' s Human
Ethics Committee.

The Information was designed to fit two sides of a sheet of A4 paper therefore they have
been reproduced as images because the formatting for this document would not
reproduce them correctly.



20

A4d.l

Study One — Information Sheet

Using Ul Patterns to Guide the Development
of Conceptual User Interface Models

INFORMATION SHEET

Al students ate required to complete the exercizes that make up this
tutorial as part of the course requirements. Only responses from those
students who agree to patticipate it the experiment will be used for this
tegearch. After filling in the consent forme, the forms will be inmediately
placedinto a sealed etrvelope so the researcher and the research assistant who
are taking this tutorial session will have no knowledge of who has or has not
agreed to have their results inchided in the research.

Introduction
The overall purpose ofthis research is to investigate whether a userinterface pattern language can
beusedto suecessfilly guide novice Ul developers in the creation of conceptual vaer interface
models. The immediate iterestigation is primarily abmed at evaluating a method for introdueing
studertsto Ul patterns with the aim of developing their understanding of pattern languages and
the userinterface knowledge contained within the patterns. A s wellthe investigations will collect
information about two presentation styles for presenting the information within UT patterns.
The goals of thiz expetithent are:
¢ Tocollectinformation about a suitable pattern format for UT patterns to use with student 1T
designers.
e To evaluate whether the Ul-pattern modelling method from TUIPL can successfully guide
students in creating a Ul-pattern model.
Thiz teseatchis being undertaken as part of doctoral studies by the researcher Elisabeth Todd,
Supervision of this projectis by AssociateProfes sor Elizabeth Femp and A seociate Professot
Chris Phallips of the Institute of Information Seiences and Technology.

Participant Recruitment

The activities necessaryfor this tesearch will be conducted as patt of the course for 150353 -
Human-Computer Interaction. Students enrolled inthis paper are invrited to have the analysis of
theit work included az part of the research,

The staff itrvolved in teaching 159353 will not know which students have agreed to allow
theit datatobe includedinthe analysis of the experimental results. o student will be penalized
for not agreeing to their data being included.

Project Procedures

The course lecturer will have no knowledge of who has agreed to have theirresults used in the
tesearch. Students” work will be marked by the course lecturer who is using assessment criteria
itdependent to those used by the tesearcher. A copy ofthe studert™s work will then be made and
passed to the tesearcher.

Only the researcher will collate the data. Onee the data from individual students has been
matched each setwill be given an identifier then the cover sheets identifiing individuals will be
temoved and destroved. Data collected fromindividuals who have not consented to having their
dataitchaded will be destroyed. The data collected will be held for the duration of the tesearch
atud will he kept in a secure location and will be destroyed when the research is complete.

Page | of 2
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The data for this project will be collected in the following ways:
& The wtitten tesults of the teo pattern language modelling exercises will be analysed for the
way the pattern models have been constracted,
s  The observations of the researcher on the gpplication of the method;
s Photographs of the work swfaces taken at timed intervals — All features that could be used to
identify an individual will be removed;
*  Cuestionnaires aboat the sets of patterns used in each exercise;
* A guestiohnaite abot the method vsed and a compatison of the two types of patterns vged.
The results from the analysis of the experimental data will be available from the C3 office,
AH2TE onrequest. Studerts will have to present their ID card to prove that they wete enrolled in
this rlass and show they have a nght to the information.

Participant involvement
&g a participant it the experiment wou will follow the same procedure for the tutorial as the

othet members of the class. The plan for the titorial is ag follows:

Introduction to explain the details of the study.

Complete ethics approval forms - All approval forms placed in a zealed envelope.

Studernts within each trestment group choose warking partner from that group.

Complete Exercize One.

Fill in patt erns guestionnaire

Hawe & short break.

Complete Exercize Twa,

Fill in patt erns guastionnaire

Arnzwer exit questionnaire.

Lo s m s L by

Participant’s Rights

You ate under no obligation to accept this invvitation. If you deeide to participate, you have the
right to:
o Agkary questions about the research at ay time dunng participation,
Diecline to answer any particular question related to the research;
Diecline to have your work surface photographed,
Withdraw from the research before the end of the tatorial,
FProvide information on the wnderstanding that all identifying information will be removed so
that it becomes anoryrmous;

e Hawve access to a summary of the project findings when it is concluded.

Project Contacts

Researcher Supervisor

E 5 Todd A. Prof E. Kemp

Institute of Information Scliences and Technology | Institute of Information Sciences and Technology
AH3.84 AH3.87

Extension: 2455 Extension: 2469

Email: e foduif@massey.ac.nr Email: e kemp(@massey.ac.nz

About Ul Patterns
If you are mterested in finding ot raore sbout U Pattemns wasit the following Web Sites:

Yahoo Desizh Pattern Library - hitpedidese loper sraboo cormfrpatternsiinde s php

Tidwell’s Design Interface patterns - hitpo/ftime-tripeer comiipatternsy
Welie's patterns in Interaction Design - http e welie com/pattems/

Note

Thiz project has been evaluated by peer review and judged to be low risk. Consecuently, it has not
been reviewed by one of the Untversity’™s Hutnan Ethics Comenittees. The researcher(s) named sbowe are
responsible for the ethical conduct of this research.

If yom herve anor coneerns about the conduet of this research that vou wish to raise with someone other
than the researcher(s), please contact Professor Sybia Rauball, Assistant to the Vice-Chancellor (Ethics
& Equity), telephone 063505249, ermail hurmanethicsi@inassey.ac he .

Page 2ot 2
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A4.2

Study Two — Information Sheet

Using Ul Patterns to Guide the Development of
Conceptual Userinterface Models

INFORMATION SHEET

A1 students ate requited to complete the exercises that make up this tutorial as part of the
course tequitements. Only responses from those students who agree to participate i the
expetitnent will be used for thiz research. After filling in the consent forms, the forms will be
collected and placedinto a sealed etrvelope sothe researcher and the tesearch agsistant who are
taking this tutorial session will have no knowledge of who has or has not agreed to have their
results included in the research.

Introduction
The overall purpose of this researchis to itrvestigate whether a userinterface pattern language
catt he veed to successflly guide novice Ul developets in the creation of conceptual ueer
intetface models. The investigationis aimed at evaluating a method for introducing students to
UT patterns with the aitm of developing their understanding of pattern languiages and the user
interface khowledge containedwithin the patterns and then applying some of that knowledge, |
The goals of this experiment are:
¢ Tocollectinformation about a suitable pattern format for UL patterns to use with student U1
designers.
#  To evaluate whether the Ul-pattern modelling method from TUIPL can suecessfully guide
students in creating a Ul-pattern model.
e Toevaluate amethod forusing the content of the Tl patterns to guide the development of a
Ul conceptual model.
This researchis being undertaken as part of doctoral studies by the researcher Elisabeth Todd
Supervision of this project is by Asgociate Professor Elizabeth Kemp and A ssociate Professor
Chtis Phillips of the School of Engineering and A dvancedTechnology.

Participant Recruitment

The activities necessatyfor this research will be conducted as part of the course for 138330 -
Human-Computet Interaction. Students enrolledin this paper are itrvited to have the analysiz of
theit work included as part of the tesearch.

The staff involved in teaching 158 359 will not know which students have agreed to allow
theit datatobe inelodedin the analysis of the experimental results. No student will be penalized
for tiot agreeing to theit data being inchaded,

Project Procedures

The course lecturer will have noknowledge of whohas agreed to have theirresults used in the
research. Students” work will be marked by the course lecturer who is using assessment criteria
independent to those used by the tesearcher. A copy ofthe studert’s wotls will then be made and
passed to the researcher.

Onlythe researcher will collate the research data. Once the data from individual students has
beenumatehed each set willbe given anidentifier then the cover sheets identifring itndivichaalz will
betemoved and destroyved. Data collected from individuals who have not consented to having
theit data included will be destroyed. The data collected will e held for the duration of the
research and will he kept in a secure location and will be destroyed when the research is
cotmplete.

The data for this project will be collected in the following ways:

e Photographs of the work surfaces taken at timed intervals — AN features that could be used to
identifyy an individual will be removed;

Page 1 of' 2
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& The written results of the modelling exercises will be analywsed for the way the models have
heen constracted,
& Cuestionnaire aboat the set of patterns.
& Chestionnaire covering canonical abstract prototyping components used to create the
coticeptual Ul models.

e A Questionmaire about the methods, patterns and conceptual Ul modelling,

The results from the analyeis of the experimental data will be available from the C3 office,
AH39 onrequest. Studentswillhave to present their [D card to prove that they were erwolledin
this class and show they have aright to the information.

Participant involvement

&8 a participant in the experiment you will follow the same procedure for the tutorial as the
other members of the class. The plan for the tutorial is as follows:
Students to choose working partner.

Intraduction to explain the detailz of the study.
Complete ethics approval forms - All approval forms placed in @ sealed envelope.
Prezentation on creating s Ul-pattern madel.
Anzwer conceptual Ul modelling questions.
Complete Exercize One.

Fillin patterns questionnaire.

Have a short break.

. Presentation on creating & Ul conceptual madel.
10. Complete Exercize Two.

11. Answer canonical abstract prototype gquestions.
12, Complete the exit questionnaire.

Participant’s Rights

Vo are under no obligation to accept this rvitation. Ifyow decide to participate, youhavethe
right to:
e Askany questions about the research at any time during participation;

Decline to answer aty particular question related to the research;

Declitne to have yout work sutface photographed,

Withdraw from the reseatch before the end of the tutorial;

Provide information on the understanding that all identifyring information will be remmoved so
that it becomes anomymons;

e Have access to a summary of the project findings when it is concluded.
Project Contacts

W o~ @D & k=

Researcher Supervisor

E. G Toudd A. Praf E. Kekp

School of Engineering ahd Advapced Techhology | Schoolof Enginesring ahd Advanced Technology
AH3.E4 AH3E7

Extension. 2455 Extension: 2463

Email: e toddi@massey dcn Email: e kemp(@massey.acng

About Ul Patterns
If som are interested in finding out more about UT Patterns visit the following Web Sites:
Yahoo Design Pattern Library - http dideveloper srahoo corfypatternsindes phip
Tidwell’s Design Interface patterns - httpefftivae-tripper cotnmipatternas
Welle's patterns in [nteraction Desigr - httpoihenana welie comuipatternal

Note

Thiz project has been evaluated by peer review and judged to be low risk. Conseguently, it has not
been reviewed by one of the Urnmversity’s Hurean Ethics Corareittees. The researchens) narned ahoree are
resporsible for the ethieal conduet of this research.

[f o hiave any concerns about the conduct of this research that wou wish to raise with someone other
than the researcher(s), please contact Professor Syhia Bureball, Assistant to the Vice-Chancellor (Ethics
& Eguity), telephone 063505249, ernail huwmarethics@nassey ae e

Page 2 of 2
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A4.3 Study Three — Information Sheet

Developing-of-Conceptual-User-Interface-Models-Guided-by-Ul-
Patternsq

« INFORMATION-SHEETY

Thizizthe backgroundinformationtothe Ul-designexercises youhave beenaskedtoparticipate-
ity -Ifwouagree totake partyouneesdtobeabletocommit- betwreen three to five hiours-ofyour-
titne Vo will beaskedtocomplete-a-consent form, - Theseformawill be-collected-andleptitn o
safeplaceforfive wears

=Introduction

Theoverallpuarpose-ofthisresearchis toinvestigaewhethera userinterface patternlanguage can-
bensedtosuecesshilly-guide Ul-developersinthe creationof conceptoavserinterface tnodels -
Themethodds specifically-aimed-attiovice Ul developers but-should-als o be helpfalwhen-a
developtmentte atminchides members-ofthe g er-conumuanity
Thizirvestigationfollows-onfromdeo-previous sets-ofexperiments -The firstfocused-onthe-
evaluating-amethodforintroducing students to Ul patternawith the-aitm-of developitg their
understanding ofpatternsandpatternlanmuages -Ttalzodtvestigated the impact-oft different-
pattern-content-presentations on student acceptance -andase - The-secondexperiment-applied-
findings fromthe first- but focused-onwhetherstudentscouldle arnnewuserinterface nowle dge:
cotrtaitie dwithinthe patterns andthenrapply thatknowle dge to-cre ate suitable-conceptial models-
for-auserintetface
The-goalsofthisinvestigatiornare:y
#—+ Toevaluate the fitsttwomethods inthe TUIPL framewotk: to-develop coneeptuad Ulmodels
o= Tocollectinformation-abouthowthe methods could be improve d
#—+ Tocollect-opitions-onthe viability-ofthe fitst tero-methodsinthe TUIPL- framevrork-in-a-
professional settingy]

Thizresearchisheingundertakenas part-of doctoral studiesbytheresearcher Elisabeth Todd -
Supervision-ofthisprojectisby-AssociateFProfes sor ElizabethE emprand A ssociate Profes sor
ChrisPhallips- offthechoolof Engineeringand-& dvance dTechnolo gy q

= Participant-Re cruitmenty
Thepatticipants itcvite dto take partinthiz investigationhave arange-oftexperience inthe
developmentuserinterfaces ~Theyallhave-assocationswith WasseyrUniversityandmost-are-
cutrently-emploved-aslecturersorin-computer-support, or-are-studyngtowardstigher-degrees.
Homme have industrialIT experience g

« Participantinvolvement]

Potentialparticipants who-onreadingthisinformation sheet-agreetotake part it the re ge archowddl:

beaskedto-complete-atvethics consert formeand-a-set-offque stionsab ot theiruserinterface:

development-experience ~Theywill be-givena set-of Ul-patterns to-study. ~A meeting time for-the-

first twro-to-three hour-design sessionwillbe-orgarised. -

Atthe first-desigh theeting the tasks tobe catrie d-out-are Y

1. = Studythe introductory material andwith the re searcherwork through-an-example-of the-
Ul-patternmodelling method

2. Btudythe initialrequirement s forthe-exercize-example: then-apply the Ul-pattern-
modellingmethodtocreate-a Ul-pattern modelfor-this example

3. Next-the patticipantwill- complete-aguestiontaire, discossatyproblems thevidentify-
withthe Tl-patternmodellingmetho dand-suggestithprovements

4. A meetingtitme-forthe-second-one-to-twohow designsessonwillbe organised.y

Page Break
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Atthesecond designmeetingthe tasketo becartie dout-are
.= Revviewrthe initial regquirements-andthe Ul-patternmodel forthe worke d-example- then-
withthe tesearchworkthroughthe example-of the TUIC method g

2.— Reviewthe initial regquitements for-the-exercise-and-studythe Ul-patternmodel-
exemplar - Applythesuggestedmethodandcomplete-a TUIC model forthe Ul-using:
catonical-abstract prototyping-and navdgation-comp onetits

3. Atthe-endofthe sessionthereds-an-ext-questionnaire tobe complete d-and-a-debriefing:
discussiony

«Data-collectiony

*— Discussiontoidentifirany problems withthe methods and-suggestimprovements at-stages
throughoutthe process

o Chservationshytheresearcheras the modelingexercizesprogress

s— The results ofthe modellingexerciseswill be-analysedtoappraisethe waythemodelshave
heenconstacte 4

o AgetofQuestionnaires provding hackgroundinformation-and-asking ab ot yowr-expetience:
with: the propozedmethods, patterns, Tl-patternmodellingand-abetract prototyping |

= About-Ul-PatternsY

[fyouareinterestedinfinding out tmore-ab ot TP atterns wisitthe following Webh Site s
=+ Vahoo DesignPatternTibraty— hitpoifideveloper. wahoo.comivpatterneindes. phy 4
=+ Tidwell’sDesignInterface patterns- hitpitime-tripper commipatterms

W elie’ s patterne inInteractionD e sign - hitp e welie cornipatterns

= Participant’s-RightsY
Yoware underno-obligationto-acceptthisinvitation. - [fyoudecide to participate, youhavethe-
tighttod]
o Agkarnyguestionsabotthere s earchat-aty titme during particip ation; |
o Declinetoanswerany particulargquestiontelatedtothe researchy |
o Withdraw fromthe researchbefore the endofthe tutorial |
s— Provideinformation-onthe understanding that-allidentifinginformation will be removed-so-
thatitbecomes-anotymoss]
#— Have-accesstoasummary ofthe projectfindings whendtiz concluded.

= Project-Contactsy

*Researcherd] Supervisord] i
E.-G.-Todd A -ProfE.- Kermet
Schaokof Engineering-andd dvanced Technologd| SchoolofEnginesring-andddvanced Technologd|
AHS A4 AHZETT
Extension-24557 Extension: 246
Bimail- ¢ toofi@mea ssely. 8¢ p 20 BEiradl:e ke fianassey ar ne

=Note

Thisproject hasbeer-evalnated-and judged- tobe-low-isk -Consequently, 1t has notbeen reviewed by one-
of the Tnmersity’s Hurnan Ethics Cormtuittees bt hasheen registered-into the low sk data base. - The-
reseatcher(s) rarned- aborve -are tesponsible for-the ethical conduct of this research - -

1

Ifyrouhiare any concerns -ghout -the conduct of this research. that sronwishto raise with someone other-
thanthe researcher(s), please-contact Professor Sybia Rnrball - A ssistant 4o the Wice-Chancellor-(Etbdcs-
&Eguity), telephone 063505249, eraail hnrasmethics@massey ac ne

— Page 2of 2]
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Appendix A5:  Tutorial Workbook

Conceptual Modelling Exercises

A5.1 Ul Pattern Informed Ul DESIgN......ccoveierieiiee e 28
A5.2 CBSE SHUAY ...ttt sttt et st be e e e 30
INITIAL REQUIREMENTS DOCUMENTATION......coiiie e 30
A5.3 UI-PATTERN MODELLING......cociiiitiiniereneneeee e 37
A54 1 21 5 RS 45
A55 TUIC MODELLING. ..ottt s 45
A5.6 1 21 5 S 52
AL.7 ACKNOWIEAGEMENES......c.eeeieeecees et 52
A5.8 REFEIENCE. ... e e 52

A5.9 N o 0= o [0 R 53



28

A5.1 Ul Pattern-Informed Ul Design

This manual provides aworked example applying the early stages of a user interface
design informed by a set of Ul patterns. The Teaching Ul design guided by a Pattern
L anguage framework (TUIPL).

2003).

TUI
(TeachingUI
FPattern Language)

Customising Project Spacific
patterns UlPatterns

Ul pattern UlPattem Lot Hi-fii

modelling

Ul requirements
Specification
with Use Case models

r UlLayout& | .
Model prototyping Mavigation —M% Mew LI
Diagrams
11 [ N
modelling TUIC model

This framework (Figure A5.3) assumesthat an initial user interface requirement
document exists. The TUIPL framework has been devel oped with the goal of teaching
Ul design; specifically for helping students develop conceptual models for user
interfaces. Alternatively the TUIPL framework could be applied by a design team
which includes user group representatives. A conceptua Ul model provides an abstract
description of aUl. The Teaching Ul Conceptual (TUIC) modelling method uses
canonical abstract (CAP) prototype components and navigation components. Two
papers introducing these components have been included in the appendices
(Constantine 1998, Constantine et al. 2003).

The framework process starts with the devel opment of a Ul-pattern model. Initially the
Ul requirements are examined and the required actions and presentation spaces are
identified. Next, suitable patterns are selected from the pattern languages and a Ul-
pattern model is created. The essential features of the solution to the problem each
pattern addresses are represented by a TUIC model diagram. The second stageisto use
these TUIC model diagrams as a guide to develop a TUIC mode for the Ul. Finaly the
TUIC model can be restructured into associated layout and navigation models.

The patterns used are interaction design patterns (Dearden & Finlay, 2006) which
illustrate the issues underpinning user interface design decisions. Patterns provide the
reader with aknown solution to a recognised problem in a structured format. Aswell
as the rationale behind the solution they describe how the solution should be applied
including tradeoffs that need to be considered. The accompanying TUIC model

diagram highlights the essential elements of the solution. Patterns act as alingua
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franca, that is, acommunication device and a means of illustration when discussing
interface design (Bayle et a., 1997; Erickson, 2000; Dearden & Finlay, 2006). When
linked together in a pattern language, rel ationships between the patterns should be
synergistic, in that the language should provide an understanding of Ul design that is
greater than just the application of individual patterns.

Ul Patterns
Front Back
8 - Cascading Collections Reference
Context This pattern effectively ...
The content to be accessed... Forces
Problem
How should series ...? Discussion
Solution
Express a hierarchy by .... Examples:
* Java Browsing - Eclipse SDK
Enclosing context Bl [ Gource Pafacke lpvigs 1 e
l:‘ Cazcading Collections i e
=l Sclectable lis The lists are
synchonis:d sothe
oy
aptions displayed in S e e ;
N Eclipse showing the Java Browsing view:
thfsleleclno%} projects>packages>types>members
the lost list

Figure A5.2 — Formatting of sections making up the patternsused for thisexercise
The exercise uses arestricted set of just nineteen patterns (see appendices). These
patterns have been structured for teaching students. They are based on those created by
Tidwell (1999, 2006) and describe standard Ul contexts. They link together into a
consistent pattern language structure. The set is small, so design choices are limited as
isthe set of potential Uls that can be described.

Each pattern used in this modelling exercise is restricted to one double-sided A4 page
and contains sections of information as shown in Figure A5.2. The essential parts of
these patterns are the context, the problem and the solution. The context can be thought
of as‘applicability’ characterising situations where the pattern can be applied.
Normally the context is defined in terms of high-level patterns that use the pattern. The
problem section defines the design issues or situation for which the pattern provides a
solution. The solution section addresses the problem and may be in the form of a set of
instructions. Associated with the solution isa TUIC model diagram that identifies the
essential aspects of the solution.

This worked exampl e provides guidance in devel oping two types of Ul conceptual
model, a Ul-pattern model and a TUIC model.
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A5.2 Case Study

Thisis an incomplete solution developed to illustrate the proposed pattern-driven Ul
design method.

INITIAL REQUIREMENTS DOCUMENTATION
The design method assumes that an initial requirements document has been compl eted

and that conceptual or abstract modelling of the Ul is the next stage. While you study
this example remember the methods are intended to be applied by a Ul design team of

either students or a combination of professional and non-Ul professionals.

Narrative Overview — Course Registration System
At the beginning of each semester, students at Eastern State University must register for

aprogramme of study consisting of between one and five courses. A new systemisto
be implemented which will support on-line registration. The system must meet the
following requirements:

Requirements

Functional Requirements
e Provide students with details of courses on offer in that semester.

e Assist studentsin assembling a programme of study, by allowing them to add and

delete courses until they are satisfied with their programme.
e Maintain arunning total of the cost of the programme.

e Carry out checksto make sure that students are eligible to enrol for the courses they

wish to add, and that they do not enrol for more than five courses per semester.
e Allow students to submit their programme.

e Allow studentsto check their enrolment history (details of courses studied

previously and grades obtained).

Non-Functional Requirements
Students use this system during two short periods each year, and some students will be

new to the system. It istherefore important that the system is easy and intuitive to use,

and that in particular it should:
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Present information in a clear, well organised and concise manner.
e Provide good support and feedback at each stage.

e Support an efficient and flexible dialogue, including a good search capability for

courses.

e Besatisfyingto use.

Scenarios
The following scenario is representative of the use of the system by a student returning

for athird year of study:

Third year student
Dan wishes to construct his course of study for the first semester of histhird year. He

enters his student ID and password, and the system responds by displaying his
identifying details (student name, student number, degree and majoring subject). The
system offers access to details of courses being offered by the university in that
semester (course number, coursetitle, prescription, prerequisites, lecturer(s), points-
value and cost). The system also provides Dan with the option of reviewing his
academic record to date. Thisis useful because he may be unsure as to which courses
he has aready passed, and exactly how many courses he needs to complete his degree.
Dan can add courses to his programme. The system may refuse to allow Dan to enrol
for acourse, if for example he does not have the appropriate prerequisite(s). Dan can
delete previously selected courses from his programme, or dternatively chose to delete
his entire current programme. As Dan adds or deletes courses, the system updates the
programme, displaying the current courses he has selected. The display also shows the
cost of each course plus the current total cost. At any time, Dan can submit his
programme to the system, which records the programme and displays a confirmation.
He can also quit the session at any stage but if his current programme contains un-
submitted courses a warning message will alert him and allow him to submit them as he

quits.

Other scenarios ...
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Structured User Role Model

5% Student
New_Student

Returning_Student

Figure A5.3 - Role map showing returning and new students astypes of student

Returning Student

Goal: to re-register with the university for a semester programme of up to five courses
Background: * educated to 7" form or equivalent
* has an existing academic record (enrolment history)
* computer literate
Domain * will have enrolled previously
Knowledge: * has some knowledge of courses and programmes
System: will have some prior knowledge of enrolment procedures
Proficiency:  novice to intermediate
Interaction: * intermittent but intensive
(uses the system frequently over short time-frames twice per year)
* user driven
Information:  * flows both ways
* information out is large and complex
* information in is low in volume
Functions: no special functions
Usability: * good quality presentation of information  * efficient, flexible and reliable
* good support and feedback * satisfying
Table A5.1- Details of role ‘Returning Student’ which specialises Student
Other roles ...
Task Model

removing
selected course

registering for courses

includes ‘\ extends

N

includes

]
]
]
: checking enrolment
history

reporting error

checking
prerequisites

undoing added

adding selected
programme

course

includes

checking courses
already submitted

Figure A5.4 - Use case map with those shaded to be modelled

includes
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Use case details
Once ause case is completed it is examined to identify actions and interaction spaces.

These are itemised in the accompanying table. The notifications and error reporting are

included in these use cases but will not be included in be modelling exercises.

Registering for courses

In order to register for a programme of study, a student must submit a selection of between
one and five courses

ROLES SUPPORTED: returning student,
new student
PRE-CONDITIONS: student logged in,

system initialised

USER INTENTIONS SYSTEM RESPONSIBILITIES
optionally at any point do: optionally at any point do:
checking enrolment history reporting error

1. present student’s details

2. set default for finding a course by pre-selecting
current majoring subject

3. offer list of associated courses (synchronised to
majoring subject)

4. pre-select first course in list and present its
details

5. optionally:
[select a subject]

6. change course list to that associated with
selected subject

7. present first course in list's details in space for
finding a course

8. optionally:
[select a course]

9. present selected course’s details in space for
finding a course

10. optionally do:
adding selected course;
removing selected course;
undoing added programme

11 optionally:
[specify that current
programme is to be submitted]

12 update record of coming semester’s current
programme in the student’s study programme
space

13 notify user of all courses accepted (student can
submit courses one or more at a time so system
keeps track of which courses have already been
submitted)

14 optionally:
[specify that all courses added
to the coming semester’s
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current programme are to be
deleted]

15 do:
undoing added programme

16. optionally:
[specify that student’s study
programme is to be printed]

18. quit the session

17: format student’s study programme for printer and
send, notifying users of progress

19. check all added courses have been submitted if
not notify user and provide option to submit
20. end session processes

POST-CONDITIONS:

notify authorities of new or changed enrolment

Use Case “registering for courses”

Actions

Interaction spaces

Select subject
Select course

Adding selected course to programme
Removing selected course from programme
Undo added programme, all courses

Submit programme to enrolment authority
Delete programme already submitted
Print current programme or enrolment history

Checking enrolment history
Returning to semester’s current programme

Quit current enrolment system

Find a course

> List of subjects

> List of courses for selected subject
» Course details for selected course

Study programme

» Current programme of courses
added for the coming semester

» Student details

» Enrolment history

Error reports

Notify submission progress and success
Notify printing progress

Notify if courses not submitted when quitting
session

Table A5.2 - Inventory of actions & spacesfor use case“register for courses’.

Adding selected course

Adds a selected course into a student’s programme

ROLES SUPPORTED: returning student, new student

PRE-CONDITIONS: course is selected

USER INTENTIONS

SYSTEM RESPONSIBILITIES

1. specify that selected course is to
be added to current programme

2. do: checking prerequisites

3. either add course to programme and update
cost, if prerequisites satisfied,
or notify user of problem

POST-CONDITIONS: course added to programme, if prerequisites satisfied

Other use cases ...
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Details of Interaction Spaces
Each use case is examined to identify actions and interaction spaces. Thisinformation

has been included for completeness but is not required to complete the modelling

exercises.

Interaction Spaces

Content

List of subjects

Subject name

List of courses

Course code

Course hame

Course details

Course code
Course name
Course description

Course controller
Number of points
Semesters available
Cost

Student details

Student name

ID number

Major subject

Current programme

Course Code
Cost

Course name
Running total of costs

Enrolment history

Year taken

Error reports

As appropriate

Notifications dialogues ...

Table A5.3 - Interaction space detailsfor use case “registering for cour ses.
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The example Ul-pattern model

Listof suW \

02 — High-denzity
Information

Flod @ cours Stident SN

Callections

05— Casaading

programme

12— Chaice from
alarge Set

07 —Collection
heside Cortent

Listofconrses

12—
Chioice
frama
Large Set

03— Current Eﬁ::neg::;ﬁm
Propetties Actions

L\

13—
Tabular Zet

15— Pointer zhows
affardance

03— Current
Properties

14 — Convenient

Environment Actions

—

14—
Convenient

06— Master
with Detailz
S‘tua’entditgmw/ Wf&t&, print]
04— 09— Stack
Infarmation on of Working
faorm 1l Surfaces

Curreyt proorarmme

Enwironment
Actions

03— Currerit
Properties

/!

"

04—
Infarmation
on Form

02— High-
density
infarmation

i

11 — Choice from
a Small Zet

13— Tabular Zet

Figure A5.5 - Ul-pattern model for the courseregistration system
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A5.3 UI-PATTERN MODELLING

Ul-pattern modelling starts with an examination of the Ul requirements to identify the
required actions and interaction spaces, if these have not been provided. A Ul-pattern
model is aselection of patterns that are structured into a strongly hierarchical network
describing the proposed user interface. For ease of the following discussion, a

hierarchical or tree-like terminology will be used.

Using the list of actions and interaction spaces as a guide, the pattern language is
examined and one or more patterns selected, for example describing one of the
interaction spaces. Identifying suitable patterns then continues using the context section
in each selected pattern to build up towards aroot pattern for the Ul-pattern model. The
root pattern provides an overall description of the Ul. Theroot pattern will be one of

the lower numbered patterns.

Ul details are described by higher numbered patterns lower in the hierarchical structure
of the Ul-pattern model. These are selected by consulting the reference section of each
previously selected pattern, until no further low-level patterns are required. Although
the description of the method is sequential, in practiceit is expected that the selection of
patterns and building the Ul-pattern model will be cyclic as the designer chooses and
rejects patterns and restructures the Ul-pattern model until a suitable structure has been
created.

The method
The main steps for creating a Ul-pattern model are shown in Figure A5.6 with detailsin

Table A5.4. Thismethod takes an essentially middle-out approach to devel opment.

A - pattern familiarisation

.

B—examine Ul requirerments

.

- identify spaces & actions

f—
= —

0- zelect patterns E—use context F_ use reference G- puild-u
describing 1-or-more ||| Jiststofind linking | || | N P .
recognised interaction patterns building [~ lists ta find patterns =) Ul-pattern-model "
that describe details frarm selected patterns
space towards the root

Figure A5.6- Schematic of the Ul-pattern model building method
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Step A. Become familiar with the Ul patterns.

Step B. Examine the Ul requirements documentation.

Step C. Identify actions and interaction spaces then group related
interaction spaces and any associated actions.

Step D. Select patterns that seem to best describe one or more of the
interactions spaces.

Step E. Check each pattern’s Context section and select a pattern from the
list that gives the best overall description. This description may
include patterns already selected. A pattern may be mentioned in
the context section of one or more of the selected patterns. Use the
context section to find common patterns until one of these higher
level patterns can be identified as the root (1, 2 or 3) of the Ul-
pattern model

Step F. Check each pattern’s Reference section to identify patterns that
best describe the details and additional features required for the
user interface.

Step G. Using selected patterns, create a diagram consisting of patterns
connected with lines to indicate how they are linked into a structure.
Use the context and reference sections of patterns to check for
missing links or patterns.

Table A5.4 - Method for creating a Ul-pattern model.
Thefirst step isto become familiar with the set of Ul patterns. The pattern languages

used for this workbook example can be found in the appendices. Obviously over time
this step would not be as necessary because most of a design team would already be
familiar with the Ul patterns.

The designer aso needs to become familiar with the requirements for the new user

interface.

The extent of step C depends on whether the interaction spaces and actions have been
identified as part of theinitia requirements documentation. Once they exist, asin this
case study (see copy of the table below) the spaces and actions should be organised so
that related ones are in groups. In this example, the list of subjects, list of courses and
course detail s spaces together make up the Find a course space along with the actions of
selecting the subject or selecting the course. Adding or deleting courses relate the
course list of the Find course space with the current programme in the Student’ s study
space as does undoing the whole programme. In the student’ s study space, once the
current programme has been created for the specified student then it can be submitted,
deleted or printed. The student’s enrolment history can be viewed from the students
study space too. Finally the system can be exited viathe quit action. These groupings
can be used to guide steps D, E and F.
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Actions Interaction spaces
Find a course
Select subject List of subjects
Select course List of courses for selected subject

Course details for selected course
Adding selected course to programme
Removing selected course from programme
Undo added programme, all courses

Study programme

Submit programme to enrolment authority Current programme of courses added for the coming
Delete programme already submitted semester

Print current programme or enrolment history Student details

Checking enrolment history Enrolment history

Returning to semester’s current programme
Error reports

Notify submission progress and success
Notify printing progress
Quit current enrolment system Notify if courses not submitted when quitting session

Figure A5.7 — Duplicate - Inventory of actions & spacesfor use case “register for courses’.

Building the Ul-pattern model
Start step D by selecting one of the groups of related interaction spaces (Table A5.2)

and then locate a couple of patternsthat clearly describe one of the interaction spaces.
For example in this case study the problem of displaying the interaction space ‘List of

subjects' is best represented by Pattern * 12 Choice from alarge set’” which isapplied in

the context that “ The artifact shows, or allows the user to select or set, a value whichis
one out of a large set of possible values (normally more than ten) where it is either
inappropriate or not possible to display all valuesin thelist at once.” as shown in

Table A5.5. Similarly ‘List of courses’ can be represented by this pattern too.

Interaction space Pattern Part of the pattern’s context section
The artifact shows, or allows the user to select or set, a
value which is one out of a large set of possible values
(normally more than ten) where it is either inappropriate or
not possible to display all values in the list at once. ...
The information describing an artefact must be displayed.
The information maybe changed over time. ...

List of subjects
12 Choice from a large set
List of courses

Course details 03 Current properties

Table A5.5 - Matching interaction spacesto possible Ul patterns
The interaction space ‘ Course details' provides additional information about any course

selected so requires asimple solution. A couple of patterns from this pattern language
might be suitable: ‘03 Current Properties’ and ‘04 Information on Form’. Pattern 4 is

used when “ A user often needs to view information that provides a snapshot of
something represented by values asin CURRENT PROPERTIES’. An examination of
the content of course detailsin Table A5.3 shows that the content is reasonable
homogeneous and represents a course so this pattern has potential. The pattern’03

Current Properties' is one of the high level patterns and is therefore comparatively
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genera, describing many of situations. The context for this pattern starts with the
statement “ The information describing an artefact must be displayed. The information
maybe changed over time.” This context certainly covers displaying the course
information which may also change over time, for example when the course controller
isreplaced by anew lecturer. Asthe context of Pattern 4 mentions that it is applied in
the context of Pattern 3, at this point in the modelling exercise select the pattern higher
up the hierarchy. Both the patterns (12 & 3) have more detail in their context sections
which should aso be considered. When selecting a pattern, at a minimum, the problem

and solution sections should be examined.

List of course
List of&lbjects l

12 — Course details
Choice
12 — Choice from from a 03 — Current

a Large Set Large Set Properties

Figure A5.8 - Theinitial patterns select to represent the collections of subjectsand cour ses
Figure A5.8 shows the three patterns representing the list of subjects, the list of courses

and the details of any course selected in the list of courses. Arcs are shown linking into

the nodes. The arcs are labelled with the interaction space the linked node and any

subsequent * sub-tree’ represents.

Linking the patterns
The next step E links some of the selected patterns through common higher-level

patterns. For example when checking Table A5.2 the space ‘ Course details' is
identified with the phrase ‘ Course details for selected course’ indicating thereisalink

or common parent between this space and the ‘ List of courses'.

Interaction space Pattern Part of the pattern’s context section

... It may also be used in conjunction with more complex

List of courses 12 Choice from a large set| list like organisation as found in COLLECTION BESIDE
CONTENT and CASCADING COLLECTIONS ...

... this pattern can also be used for the content part of the
pattern COLLECTION BESIDE CONTENT or for
information on a surface in a STACK OF WORKING
SURFACES and also ...

A collection of objects, categories, or even actions needs to|
be displayed and each of these items has content
associated with it that the user wants to access. The user

Course details 03 Current properties

07 Collection beside

Content needs to see the overall structure of the collection so they
can select items of interest in any order. ...
14 Convenient This pattern is also required when actions need to be
Environment Actions carried out on the selected content displayed using

COLLECTION BESIDE CONTENT.
Table A5.6 - Locating higher leve patterns
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Theindividual patterns along with ‘ The Patterns List’ can be used to identify patterns
that can form the context for a specific pattern. The context list for pattern ‘03 Current

Properties’ representing course detailsis[02, 07, 10] and for pattern ‘12 Choice from a
large set’ representing the list of coursesis[02, 04, 05, 07, 08]. The common patterns
from these lists are [02, 07]. Further examination of the context section of the two
patterns 12 and 3 (see Table A5.6 for the relevant extracts) indicates that the pattern ‘07

Collection beside Content’ is the most appropriate common parent for this model. This

is confirmed by examining the problem section of Pattern 6 which says “How can you
present a large amount of content matched to each member of a set of items so that a
user can exploreit at their own pace, in a way which is comprehensible and engaging
totheuser?” The‘list of courses space matches the set of items or the collection,
while the ' Course details space matches the content. The context section of Pattern 6

also confirms that it links members of a collection or list with associated details.

Next the reference section of Pattern 6 is used to confirm the link. Table A5.7
reproduces part of the reference section showing that it includes the phrase “a form of

select and show” which clearly describes the course list and course details pairing.

Pattern Part of the pattern’s reference section
This patterns is basically a form of select and show ...

For the content section use one of the high level patterns such as
Narrative OR CURRENT PROPERTIES that best represents the overall
07 Collection beside Content structure of the content being displayed. Then where necessary select

related lower level patterns to fully represent the structure of the

content. Where the user can carry out actions on the selected item
provide these as a set of CONVENIENT ENVIRONMENT ACTIONS.

Table A5.7 - Locating lower level patterns
[llustrating the method indicates that the designer moves between checking context

sections, step E and checking reference sections, step F. The reference section is
checked to identify any other patterns that should be considered. For example, to work
with the two patterns 12 and 03 already selected. Pattern ‘07 Collection beside Content’

also identifies patterns [01, 10, 11, 14] as candidates for implementing it. The Pattern

‘14 Convenient environment actions’ should be considered for any actions that could be
associated with this pattern. For example, from the groupings of interaction spaces and
actionsit is clear that students need to add a selected course to their current programme.

The actions add, remove and undo can be represented by Pattern 14.
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List of&lbjects

12 — Choice from 07 — Collection
a Large Set beside Content

List of cours dd, remove undo]

12 - Courseldetails 14 —

Choice Convenient
from a 03 — Current Environment
Large Set Properties Actions

Figure A5.9 —Part of the Ul-pattern model for thetwo lists
By applying step G the Ul-pattern model begins to take shape as shown in Figure A5.9.
The process continues by trying to represent the relationship between the ‘list of
subjects’ and the ‘list of courses associated with each subject. StepsE, F and G are
repeated. Thelist of patternsthat can form the context for pattern 12 is[02, 04, 05, 07,
08] and for pattern 07 is[01, 02, 06, 08] with the common patterns being [02, 08]. An
examination of Pattern ‘08 Cascading collections’ shows that it is a good description of
two lists and the associated course detail s which together will be used to find courses

for a student’s current program.

The example Ul-pattern model

02 - High-density
Information

Find a CV

08 — Cascading
Collections

List of SUM\

12 — Choice from 07 —Collection
a Large Set beside Content

List of courses dd, remove undo]

Course‘ etails

12 - 14 —

Choice 03 - Convenient
from a Current Environment
Large Set Properties Actions

Figure A5.10 - Part of the sub-treerepresenting theinteraction spacesrequired tofind a
cour se

One pattern becomes the root providing an overview of the Ul being developed. In this
exampl e the context section of Pattern ‘07 Collection beside content’ identified pattern
‘08 Cascading collections' as a good description of the dependent interaction spaces:
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‘List of subjects’, ‘List of courses’ and ‘ Course details’. This sub-tree of patterns

represents the interaction space for finding a course.

Moving up alevel the context section of Pattern 8 identifies Pattern ‘ 02 High-density

information’ as the root pattern resulting in the partially completed tree seen in Figure
A5.10.

At this point a similar process can be used to model the interaction spaces making up a
student’ s study programme. Alternatively, atop-down approach can betaken. The
lower levels are found by following patterns listed in the reference sections. Often
more than one of the members from the reference list of potential patternsis required to

complete a pattern.

As can be seen in Figure A5.5 three patterns are required to represent the first level

below the root pattern. The Pattern * 08 Cascading collections' represents interaction

spaces for finding a courses as a student searches to locate one they may enrol in. The
Pattern * 03 Current properties' via pattern ‘06 Master with details' groups the three

interaction spaces representing a student’ s programme of study made up of student
details along with their enrolment history and the current programme they are

constructing. Finally, the Pattern ‘ 14 Convenient environment actions' is required for

the action to quit the system.

An examination of the model (Figure A5.5) shows that some patterns are used
repeatedly. It isup to the modeller to decide whether to use multiple copies of a pattern
or to use multiple arrows pointing to asingle copy. Inthismodel copies have been
used in most cases because each copy represents a different element or group of
elementsin the Ul. For the Pattern ‘ 15 Pointer shows affordance’ only one copy has

been used because this action is similar in each of the interaction spaces.

Aswith all models the modeller may choose to show only links and patterns that they
deem necessary. For example, ‘Course details’ is represented by just pattern 3 but
extending this into a sub-tree including Pattern 4 could be considered. Another
example is where the modeller may choose to exclude most links to Pattern 15 so the
diagram does not become cluttered. They would then append an annotation to indicate

that Pattern 15 should be implemented for al groups of environment actions.
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Figure A5.11 - Ul-pattern model for the cour seregistration system
The sub-tree representing the student’ s enrolment history has not been included in this

example hence the question mark under the high level pattern describing this

information.

Interaction spaces Potential pattern

List of subjects 12 CHOICE FROM A LARGE SET
List of courses 13 TABULAR SET

Course details 03 CURRENT PROPERTIES
Student details 03 CURRECT PROPERTIES
Current Programme 13 TABULAR SET
Enrolment History 2 HIGH DENSITY INFORMATION

Table A5.8 — Interaction spaces matched to patterns.
Table A5.8 shows the match between the interaction spaces (shown shaded in Figure

AS5.5) and the lower level patterns representing them. The root pattern for each sub-tree

representing an interaction space may be at ahigher level. The linked higher level
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patterns indicate which spaces are logically grouped together and lower level patterns

add additional details.

-------- —>> PLEASE STOPHERE TO DISCUSSANY ISSUESOR IDEASYOU
MAY HAVE ABOUT THE METHOD AND THE UI-PATTERN MODEL <€&-----

A5.4 TO DO

Please study the accompanying exercise example requirements and complete a partial

Ul-pattern model from the requirements.
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A5.5 TUIC MODELLING

Once the Ul-pattern model has been created, a TUIC model for the Ul is devel oped.
The essential elements of each pattern’s solution are illustrated using a TUIC model.
These generalised examples are used to guide the development of the TUIC model. In
many systems thiswill result in a series of TUIC model diagrams although the example

created in this workbook resultsin asingle ‘screen’.

The main interaction space is used to contain related spaces making up the system.
Either the details of each section of the interface or in some models the links to sections
are then added to this space. At first generic CAP symbols can be used to represent
different levels of detail but as modelling progresses it should become clearer where
specific symbols can be substituted. Although pattern names may be used initiadly, in
the completed model naming of the different areas should reflect the application being
developed and be meaningful within that context.

The method

A—TUIC symbol set familiarisation

il i
- -

¥
- v . 0— j

E _u:rEﬂtEu:_u,EraII F_ add TUIC detailed C rEpIace.ggnenc —
interaction from next pattern | o symbolswith E-review

spacematching ) TUIC model

. " Epecific ones renaming
root Ul-pattem In Ul-pattern mo del to reflect application

b4

Y

Figure A5.12 - Schematic of the pattern informed TUIC modelling method

Step A. Become familiar with the TUIC symbol set.

Step B. Starting with the top or root pattern of the Ul-pattern model,
examine the solution and the TUIC model diagram to get an
overview of the TUIC model to be created. Draw the main
interaction space and label it.

Step C. Work down through the patterns using the diagram to guide the
development of the TUIC model. Add CAP & navigation symbols to
define details. In the initial stages use the generic components.

Step D. As the modelling progresses, replace the generic components with
specific ones where they make the intent of the design clearer.
Rename interaction spaces and components to reflect the
application’s domain. Active material components should be used
to replace equivalent material and tool components. Comments
that clarify patterns used should be added.

Step E. Review the model. This review may remove unnecessary layers of
nested containers, group and reorder related symbols, and rename
symbols. Comments can be added to make types of interactions
and requirements clearer. Consider adding content details too.

Table A5.9 — Abstract prototyping method.
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The steps for creating a TUIC model are shown in Figure A5.12 with each step
expanded in Table A5.9. This method takes an essentially top-down approach to
development. It isassumed that the design team developing the TUIC model isthe
same as the one that devel oped the Ul-pattern model. 1f not the design team would

need to become familiar with that model and the associated sub-set of patterns.

TUIC modelling starts with the designer becoming familiar with the TUIC symbol set.
The subset used with the workbook example can be found in the appendices. Likethe
devel opment of the Ul-pattern model, over time familiarisation would not be necessary

for al members of a design team.

The initial TUIC model
Every TUIC model has an enclosing container that is labelled to reflect the user

interface being modelled. This defines the boundaries of the interaction space being
modelled. In this case study the root pattern ‘02 High-density information’ of the Ul-

pattern model representing the “ Course Registration System”. 1t becomes the enclosing

context for the Ul and completes step B.

02 — High-density
Information

Find a cours Studen\study it
prograryne d
08(;0%:;?(?:;"9 03 — Current 14 — Convenient
Properties Environment Actions
List of sutieV\ \
12 — Choice from 07 —Collection

. 06 — Master

a Large Set beside Content with Details

Figure A5.13 - Top levels of the Ul -pattern model
Figure A5.13 shows the top levels of the Ul-pattern model. Using the diagrams
illustrating the next level of patterns as a guide the TUIC model’ s main structure can be
created.
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08 Cascading collections

06 Master with details

14 Convenient environment
actions

Enclosing context

D Cascading Collections
The lists are

7= Selectable list
synchonised so the

N 'selection in list(N-1)
v determines the
options displayed in
list N

Synchronised
to selection in
the last list (N)

Enclosing context

D Master with Details
E Overview
E Information BHH in blank ‘ E Choose option
Y Y M
[=] Details
‘ E Items ‘
Y /
7

éynchonise
details with
object
described in
the overview

Convenient environmental actions

Figure A5.14 - Diagramsillustrating the essential aspects of each pattern’s solution

Theillustrating diagrams from these patterns are shown in Figure A5.14. The pattern

‘08 Cascading collections’ represents the search space where a student should be able to

find courses they want to enrol in. The pattern ‘03 Current properties represents the

interaction space for a student’ s enrolment records but as this pattern is instantiated by

just ‘06 Master with details it can be substituted simplifying the prototype. Asthereis

only one action represented by * 14 convenient environment actions' the enclosing

grouping symbol can be removed. It represents the action to quit an enrolment session.

Figure A5.15 shows the resulting structure for the TUIC model with some specific

naming for interaction spaces and some genera naming from the matching patterns.

Course Registration System

2 session quitter

[ ] cascading Collections

[ ] Master with details

Figure A5.15 - Aninitial TUIC model using generic symbols and nhaming.



When comparing the diagrams in Figure A5.14 and Figure A5.15 notice that the internal structures of the diagrams illustrating the patterns shown
in Figure A5.14 are not reproduced in Figure A5.15. The lower level patternsin the Ul-pattern model will help guide the details for this specific
TUIC model whereas those illustrating the patterns are generalisations.

Course Registration System 02 — High-density

Information

| Cascading collections D Master with details

Find a cour;
[[] student details
oggoﬁ(f;f;:;ng 03 — Current 14 - Convenient
|E Subject list | Properties Environment Actions
List of SUW\ \ /
12 — Choice from 07 —Collection _
IE Course st | [[] stack of work surfaces aLarge Set beside Content Svih B’:ZEE'
[] current programme Student detai mit, delete, print]
List of course g
ve undo] 04— 10 - Stack 14—
[=] course details 12 - i Information of Working Convenient
/7 surface selector Choice — Convenient on form 1 Surfaces Enqunment
from a Pr:) eL:trir::t Environment Actions
- Large Set P Actions
D enrolment history /\
13 - 02 — High-
7 surface selector Tabular Set density
ot 1 information
i i .
E course i :' """""""" 'E 04— ‘_‘.-'
! adder ! i K
' ' i programme | | Information ¥
| i : submitter | 1 on Form
: E : i / l ?
1
! course ! i H
! remover ! ! 7 H 11 — Choice
! ! ' programme | from a Small Set
i ' H deleter |1
i H !
i all courses i : !
i doer ' H Vd 1
i un ! H print ! 13 — Tabular Set
1
e H ' requester H
H I
! 15 — Pointer shows
affordance

Figure A5.16 - Partial TUIC modée with matching nodes shaded on the Ul-pattern model.
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Step C uses the next level of patterns to guide the addition of the two main container areas and one component as can be seen in Figure A5.15.
The pattern ‘08 Cascading collections' is made up of two synchronised collections ‘list of subjects’ and ‘list of courses’ and the ‘ details of the

selected course’ shown by the naming in figure A5.15.

In Step D the designer replaces the generic names and symbols with ones that more accurately reflect the application domain. This step is often
carried out in conjunction with step C. The method is iterative with these two steps repeatedly applied as the Ul-pattern model is traversed.
Figure A5.16 shows an almost complete TUIC model that represents the patterns of the coloured nodes in the adjacent Ul-pattern model. This

prototype still has many generic symbols and names. It also uses just generic CAP tools and materials.
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Refining the TUIC model
Further refinements should replace some generic symbols with more specific ones as

can be seen by comparing the TUIC models shown in Figure A5.15 and Figure A5.16.
For example, * Student details CAP symbol* is refined to use the collection component.
Some generic tools and materials can be replaced with active materials. For example,
both the Subject list and the Course list have been changed to use the ‘ selectable
collection’ active material symbol in the refined TUIC model, Figure A5.17.

Course Registration System | ' session quitter |

| |student's Study Programme

Academic record
synchronised_ with
|—| Student details P he student info

|:| Find courses

g Subiject list

Courses are
synchronised
with the
chosen subjec

E Co/urse list | ‘
Academic Record /
r

Course

information i
synchronised, J‘dl i
to course | ’ Current programmel’

selected

4 . Only selected
E Course details ’ Enrolment history worksurface
N

is visibl?.

AN

L

Current Semester

[displ 2 |
\s‘ecord to Date

7 add ]

the pointer
identifiable by
changing it in
some way

1

1

1

1

1 .
1

: ’ remove The item under
1

1

1

1

1

Figure A5.17 - Refined TUIC moddl.
Another refinement is to check the content of the patternsto identify aternative
representations. For example, the space representing pattern ‘09 Stack of working
surfaces' is not agood representation if additional field or attribute datais known and
can be added to the model. Figure A5.17 uses an aternative TUIC model for this
pattern. This representation makes the alternative interaction spaces much clearer and
provides more space for adding further details. The naming has aso been improved.
Many of the TUIC model diagrams illustrating the patterns include comments.

Appropriate comments associated with such patterns have al so been added to Figure

! Reference: Constantine and Lockwood, Ltd
http://www.foruse.com/articles



http://www.foruse.com/articles�
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AS5.17. For example, the comments that indicate which items are synchronised between
subject and courses when modelling the pattern ‘08 Cascading collections'.

These steps are not applied in alinear fashion. The designer will move back and
forward between steps C and D and the devel oping prototype will show amix of
generic and domain-specific names and symbols. Step E isareview process where
more details can be added. The exerciseto follow does not require thisfinal review step
nor is alo-fidelity prototype developed but both are included in the appendices for

compl eteness.

-------- ->> PLEASE STOP HERE TO DISCUSS ANY ISSUES OR IDEAS YOU MAY HAVE
ABOUT THE METHOD AND THE UI-PATTERN MODEL <& -----

A5.6 TODO

Please study the accompanying exer cise exampl e requirements and complete a partial

Ul-pattern model from the requirements.

A5.7 Acknowledgements
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A5.9 Appendices

Reviewing the TUIC model
In step E the TUIC model is reviewed to check that all patterns have been modelled and

that requirements have been met. Additional comments may need to be added to make
some requirements clearer such as the comment indicating that a running total of the
programme’ s cost should be displayed as the student buildsit. The contents of the
different interaction spaces, as shown in Table A5.3, can also be added

. e T ——— =
Course Registration System ! - 1 Academic record
H } Quit 1 synchronised with Courses to be
_________ ! the student infol added chosen from
D Find courses = el course list. Choices
n Program can be deleted
D Stude! tStudy ogral /; before submitting.

E Choose subject

[=] student Information Current Semester \

Courses are . .
synchronised E First Choices \
/{:Pi\zz::esubje} " @] Each course \
#= Choose course / ,/
[7] Each course #= Academic Record

E Cost
M
# Study programme | | Only select V[ sum the cost
worksurfacg E Total of the set of
is visible. chosen courses

# Enrolment history for total
[display]

\LRecord to Date

I<<< I

[—] Course number

Course
E Course name {information}

synchronised
to course
selected

«
N

E Course information ||| ommmmeeaa

! 1

|ECourse number ||E Course name | : !
! 1

|E Description| |E Lecturer | i i
1

1| # |Delete | !
.
The item under
E Cost the pointer

identifiable by

""""""""""""""" 251\ changing it in
some way

Figure A5.18 — TUIC model showing details of fields or attributes.
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After Step E the amost completed TUIC model will be similar to that shown in Figure
Ab.18. It does not include details for the enrolment history because thisis not covered

by this example.

Visual Design
The following lo-fi visual design for this Ul is conventional and has been provided for

completeness. Design decisions have not been provided.

Example Lo-fi Ul prototype
ESU COURSE REGISTRATION SYSTEM

Student Programme

BLOGGS Joseph 99002146
Choose a subject BSc Computer Science
Chemidtry
Computer Science
- 2009 Semester 1
Development Studies [m
i Courses Chosen
, 59.356 | SE $350.00
Choose acourse 59.302 [ Arch $350.00
. >
59.353 HCI
59.356 Software Eng
i Undo all
Course details
| 59.353 Human-Computer Interacti on|V| Total $700.00

(_save ] [Remove] [ Printd|
1

AN

NOTE
The TUIC symbol set and two papers were also included for the Case study participants.
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Appendix A6: Studies One, Two & Three -
Exercises

A6.1 Studies 1 & 2 - Instructions

The terminology used in the Ul-pattern modelling method is that used in Sudy Two.
The original wording can be found in Chapter Five. Otherwise the instructions were

the same for all Ul-pattern modelling exercises.

EXERCISE INSTRUCTIONS — Ul-pattern modelling
In this exercise you are asked to build a user interface pattern language model (Ul-

Pattern model) to describe the user interfaceillustrated. A pattern-language-model isa
set of linked Ul patterns that build a network of patterns that describes the Ul interface.
A pattern-language-model can be described as a set of one or more overlapping

hierarchies.

Artefacts
They are:

Anillustration of a user interface.

Accessto aset of Ul Patterns.

The patterns are numbered so that generally the earlier patterns refer to the overall
interface and the last to more detailed features of an interface. The patterns may
refer to other patterns that are not in the subset you are using for this exercise.

= Anexercise sheet with attached covershest.

= A questionnaire attached behind the exercise sheet.

=
=

Method
1. Write your name and ID on the cover pages for the exercise artefacts.

2. Use the following method to create a Ul-pattern model

Step A. Become familiar with the subset of Ul patterns.

Step B. Examine the illustration of the user interface for the exercise.

Step C. Select a pattern from the first three patterns in the subset (1, 2 or
3) that best describes the overall nature of the type of data or
information the user interface (Ul) deals with.

Step D. From the list of patterns that this pattern references, select those
that best describe some other feature of the user interface you
have been asked to model.

Step E. Continue identifying patterns that best describe a feature of the
user interface from each selected pattern’s reference section
until you can't select any more

Step F. Using your selected patterns create a diagram showing those
patterns and connected with lines to indicate how they are linked
into a Ul-pattern model. Use the context and reference sections
of your patterns to check for missing links or patterns.
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3. When you have finished creating the pattern-model complete the associated

guestionnaire.

Notes
Y ou are encouraged to consult with your partner as you develop the Ul-pattern model

but each of you should hand in your own version of this model.

Please hand in all the patterns and the Ul illustration with your exercise
sheet and questionnaire.

EXERCISE INSTRUCTIONS — Conceptual Ul modelling
In this exercise you are asked to build a conceptual Ul model of a user interface based

on a Ul-pattern model that describes the given user interfaceillustration. Itiscalled a
Teaching Ul Conceptual (TUIC) model and is created using canonical abstract
prototype (CAP) and navigation components.

Artefacts
They are:
=  The set of nineteen Ul Patterns from the first exercise.
The solution of each pattern isillustrated using a canonical abstract prototype.
=  Anidentification sheet of TUIC symbol set used in diagrams illustrating the
solutions in the patterns.
= A list of the patterns summarising context and reference lists.
= Anannotated illustration of the example user interface.
=  Anexemplar Ul-pattern model.
=  Anexercise sheet with attached coversheet.
=  The TUIC component questions attached behind the exercise sheet.
Method

1. Write your name and ID on the cover page for the exercise artefacts.

Step A. Find the subset of Ul patterns used in the Ul-pattern model and
become familiar with how they describe the example Ul.

Step B. Become familiar with the TUIC symbol set.

Step C. Starting with the top pattern, examine the solution and the TUIC
model diagram to get an overview of the model you are to create.
Draw an outline space and label it.

Step D. Work down the patterns using the TUIC model diagram to guide
your modelling. Use generic symbols for higher level patterns.

Step E. Use lower level patterns to add details and navigation components.
Refine generic CAP symbols with specific CAP symbols.

Step F. Name all components on your TUIC model to reflect the example UI.
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2. When you have finished creating the TUIC model please complete the associated sets

of questions.

Notes
Y ou are encouraged to consult with your partner as you develop the TUIC model but

each of you should hand in your own version of this model and complete the questions

independently.

Please hand in all the patterns and the Ul illustration with your exercise
sheet and questions.

A6.2 Study 1 — Exercise Two Example Ul

ESU COURSE REGISTRATION SYSTEM

Student Programme

BLOGGS Joseph 99002146
Choose a subject BSc Computer Science
Chemistry
- 2009 Semester 1
Development Studies e Im
i Courses Chosen
59.356 | SE $350.00
Choose a course , 59.302 | Arch $350.00
: >
59.356 Software Eng
i Undo all
Course details
| 59.353 Human-Computer Interaction|'| Total $700.00

(_save | [Remove] [ Print |
1

AN
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A6.3

Studies 1 & 2 — Exercise One Example Ul

Library Catalogue System

Search Result for book

Humezan-Computsr Interzction

Auther:  Dix, Fmlay
Publishet: Prentice Hall
ISBM: 0132308648
Czll Number Locztion Stztus
004.21019Hum Campus A Onloan
004.21019Hum Campus C Availabla
004.21019Hum Campus A Onloan

Enter 1ast dzte on which book i3 wanted (dd mm vv)

E

| Submit |

A6.4

Study 2 — Exercise Two Example Ul-pattern
model

This Ul-pattern model represents the Library Catalogue System Ul above.

‘ 3— CurentProperties

I

7T—N

laster with Details

/”7\

|9 Groups with Titlss ||

— Collection beside Content

=)

13- Choicefrom a
Small Set

15— Convenient
Environment Actions

3-Current Properies |

r

‘ 11— Tabular Set |

\

4 — Information
onForm

'

17 — Fargiving Text
El'ltr".-'

\

‘ 19— Good Defaults |

16— Pointershows
affordance




Appendix A6: Studies One, Two & Three - Exercises 59

A6.5 Study 3 — Example

Conceptual Design using Ul-pattern Modelling and TUIC
Modelling
The goal for this exercise isto create two conceptual user interface models for the

system outlined in the following requirements documentation. When applying each
method please remember that the intent isthat it be applied by a design team that
includes potential users of the user interface or that it is being applied by ateam of Ul

design students.

INITIAL REQUIREMENTS DOCUMENTATION
The following initial requirements documentation isincomplete. Sufficient details have

been provided so that a Ul-pattern model and TUIC model of the reservation stage of
the room registration system can be created.

A6.6 Narrative Overview — Hotel Room Registration
System

In order to streamline the registration of guests, the Kiwi Hotel plansto install an on-
line reservations system. The first stage is aroom reservations system for use by hotel
reception staff. These staff members are reasonably computer literate.

A6.7 Requirements

Functional Requirements
e Theidentity of the staff member responsible for each stage of atransaction must be

recorded as should the time and date when the stage is confirmed.

e Thecriteriafor thelist of rooms should include: room number, capacity code,
availability and cost. Availability is defined as: status, start date, end date, number
of nights; where status indicates whether the room is: available, booked, occupied,
needs a specia clean or being redecorated. The capacity code should indicate the
number and types of bed.

e Provide the staff member with afacility to reduce the list of potential rooms based
on additional criteria such as: required number and type of beds required, type of

access, view or number of adjacent rooms.
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The staff member should be able to display additional information about a room.
This information should include English descriptions explaining any codes used as
search criteria. Information to include: number and types of bed, access type (wheel
chair, no stairs, children, special bathroom etc.), view code including a description

and alist of facilities such as fridge, kettle sofa etc.
Allow staff members to inspect the availability history of any room as necessary.
Ensure the staff member saves all details at each stage of the transaction.

Staff members should be able to retrieve all details associated with a client at each
phase of the room registration transaction (reservation, check-in, check-out and

payment compl eted).

Staff member should be able to print each phase of aroom registration transaction.

Non-Functional Requirements
Staff members use this system regularly throughout their shift at the reception desk.

The manager will also be called in periods when activity is very busy to use the system

probably about once or twice aweek. As reception staff are also dealing with other

requests from clients, often at the same time, it isimportant that the system is easy and

intuitiveto use. Trainee staff will also be expected to use the system when activity is

reasonably quiet.

The system should:

Present information in a clear, well organised and concise manner.
Provide good support and feedback at each stage.

Support an efficient and flexible dialogue, including a good search capability for

rooms.

Be satisfying to use. The receptionist should feel confident they have successfully
met the needs of the hotel’s clients.
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A6.8 Scenarios

The following scenario istypical of the use of the system by a staff member who has

been employed at the hotel for some time.

Receptionist
John, one of the hotel receptionists, wishes to make areservation for the Smiths, a

family who have made contact by phone. They are already travelling, and are seeking
accommodation for one night later that day. He first searches through the list of rooms’,
limiting the search to rooms available on that day, and of adequate size. The system
displays details of each available room. John relays the information to the Smiths, who
place a further constraint relating to cost. Three suitable rooms are available, and the
one with the best view is selected. John requests credit card details and a contact phone

number. Hethen creates areservation for the Smiths for the selected room.

Later in the day the Smiths check in. John updates the reservation, including more
complete details of the guests.

The following morning the Smiths arrive at the reception desk to check out. John
checks whether additional items have been charged to their room. He updates the
accommodation transaction and creates a final account and prints the full account. He
checks with the Smithsthat it is correct. Then he records that they accepted the account

details, billstheir credit card, and prints areceipt.

Other scenarios ...
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A6.9 Structured User Role Model

Staff
member

Receptionist Trainee  Manager

Figure A6.1 - Role map showing the different types of staff member.

Receptionist

Goal: to respond-to and register each stage of a clients’ accommodation cycle
completed hotel’'s in-service receptionists training

Background: ten years on the job experience
computer literate
Familiar with the hotel's hotel room registration procedures

. Understands the interactions between the checking-in and checking-out of clients

Domain . X .

Knowledge: and ot.her hotell operangns such as house-keeplng and catering
Experienced with meeting unusual customer requirements. Called on by less
experienced staff when a client’s requirements are non-standard

System: Has experienced three upgrades to current system

Proficiency: intermediate to experienced

Interaction: intensi\(e use each workday (uses the system frequently during each shift)

) user driven
flows both ways

Information: information out can be comparatively complex
information in is not excessive in volume

Functions: no special functions
good quality of presentation of information

S good support and feedback

Usability: efficient, flexible and reliable

satisfying

Table A6.1 - Details of role ‘Receptionist’” which specialises Staff member

Other roles ...
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A6.10 Task Model

registering hotel rooms

extends_ - -~ ~.extend

-

checking room’s
occupancy history

submitting
. . transactio)
. S recording transaction
checking client’s
] . phases
history includes cancel
N aa transactio)
extendsy adding .
InCIUdes Clear

includes

_ ) transactio

) adding check-in includes

remove room cludes phase includes )

adding
_ adding payment phase

adding selected check-out phase

room
Figure A6.2 - Use case map with those shaded to be modelled

reporting error

checking Includes
client’s request
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A6.11 Use case details

Once a use case is completed it is examined to identify actions and interaction spaces

are itemised in the accompanying table.

Registering hotel rooms

. These

Registering a hotel room includes the check-in and check-out procedures as well as the
reservation procedures
ROLES SUPPORTED: receptionist, trainee, manager
PRE-CONDITIONS: staff member is logged in,
system initialised
USER INTENTIONS SYSTEM RESPONSIBILITIES
optionally at any point do: optionally at any point do:
checking room’s occupancy history reporting error
1 present staff member’'s name & id
2 present today’s date and time
3 present adding reservation interaction space
4 offer room list pre-ordered to show those currently
available for occupancy from today’s date in find room
space
5 optionally:
[sorting list of available rooms based
on a basic room field]
6 change order of available rooms list based on sort
criteria
7 present re-sorted room list.
8 optionally:
[advanced-sorting room list based on
non-basic field]
9 activate selected sort field with room list.
10 if necessary: request sort order for activated field
11 change order of available rooms list based on sort
criteria
12 offer resorted room list.
13 optionally:
[starting new sort]
14 do: save sort onto sort history list
15 offer room list pre-order to show those currently
available for occupancy
16 optionally:
[retrieve saved sort]
17 either: previous saved sort is presented
or: next saved sort is presented
or: notify user no more saved sorts
18 optionally:
[selecting a room]
19 present selected room’s non-basic details
20 optionally do:
recording transaction phases;
21 [quitting the session]
22 either: all suspended reservation have been submitted
and end session processes
or: notify user and provide option to submit
POST-CONDITIONS: staff member is logged out
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Check room’s occupancy history

Reorder room list
Advanced reorder room list

New sort

Back through saved sorts
Forward through saved sorts

Quit registering hotel rooms

Actions Interaction spaces
Staff details with date & time
Select room Find rooms

Transaction space

Error reports

Request sort order

Notify user of need to submit or suspend transaction
data

Notify that transactions must be submitted or deleted

» List of rooms
» Selected room’s details
» Selected room’s occupancy history

Table A6.2 - Inventory of actions & spacesfor use case “registering hotel rooms’.

Recording transaction phases

successfully

ROLES SUPPORTED:
PRE-CONDITIONS:

receptionist, trainee, manager

To register the different phases of the registration of rooms to clients ensuring each stage is submitted

previous activity has been submitted or cancelled

current sort saved and room list re-ordered as for new sort

USER INTENTIONS

SYSTEM RESPONSIBILITIES

optionally at any point do:

reporting error

1  staff member’s id added to transaction
2  today’'s date and time added to transaction
3 present reservation phase in transaction space
optionally do:
adding reservation phase;
adding check-in phase;
adding check-out phase;
adding payment phase
optionally:
[specifying that transaction fields be
printed]
6  format the transaction fields for printer and send, notifying users
of progress
optionally:
[specifying that current transaction phase
be submitted]
8 either: not all required information has been supplied so notify
user
or: update phase to clients registration transaction record
recording transaction phase
optionally do:
[specifying that current transaction phase
be cancelled]
10 either client has not checked in do: cancel reservation

or: notify client already occupying room

POST-CONDITIONS:

transaction details submitted or cancelled and all fields cleared
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Actions

Interaction spaces

Adding reservation phase
Adding check-in phase
Adding check-out phase
Adding payment phase

Print transaction phase

Submit transaction phase
Cancel transaction

Transaction phase space

Error reports
Notify information missing

Table A6.3 - Inventory of actions & spacesfor use case “recor ding transaction phases’

Other use cases ...

A6.12 Details of Interaction Spaces

Spaces

Content

Staff details

Staff name
Staff id
Date

Time

List of rooms

Room number
Capacity code
Availability status
Date in

Date out

Room rate

Room details

Facilities list
Access type
Access description
View code

View description

Room’s occupancy history

Availability status

Date in

Number of nights
Family-name of occupier
Comments

Error reports

Notification dialogues

As appropriate

Table A6.4 - Interaction space detailsfor use case “registering hotel rooms.

Spaces

Content

Transaction phase space

phase name

Figure A6.3 - I nteraction space detailsfor use case “recording transaction "

Other use case inventories

Reservation
Check-in
Check-out
Payment

Notify submission progress and success
Notify client already checked in
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A6.13 TO DO - Ul-pattern Model

The exercise is to develop a Ul pattern model for the hotel registration system defined above,
using the methods as demonstrated in the introductory example. Only the core aspects of the
room reservation phase making up a room registration transaction is to be modelled.

The Ul-pattern Modelling

Use the following method to create a Ul-pattern model for the system detailing the registration
phase but not the check-in or check-out phases.

A - pattern familiarisation

.

B —examine Ul requirements

.

- identify spaces & actions

 —
- e —

0- celect patterns E—use context F_ use reference G- build-u
describing 1-or-mare ||| Jiststofind linking | || . - P N
recognised interaction patterns building lists to find pattems ——» LUl-pattem-madel v
that describe details frorn selected patterns
space toweards the root

Figure A6.4- Schematic of the Ul-pattern model building method

Step A. Become familiar with the Ul patterns.

Step B. Examine the Ul requirements documentation.

Step C. Identify actions and interaction spaces then group related interaction
spaces and any associated actions.

Step D. Select patterns that seem to best describe one or more of the
interactions spaces.

Step E. Check each pattern’s Context section and select a pattern from the
list that gives the best overall description. This description may
include patterns already selected. A pattern may be mentioned in
the context section of one or more of the selected patterns. Use the
context section to find common patterns until one of these higher
level patterns can be identified as the root (1, 2 or 3) of the Ul-
pattern model

Step F. Check each pattern’s Reference section to identify patterns that best
describe the details and additional features required for the user
interface.

Step G. Using selected patterns, create a diagram consisting of patterns
connected with lines to indicate how they are linked into a structure.
Use the context and reference sections of patterns to check for
missing links or patterns.

Table A6.5 - Method for creating a Ul -pattern model.

-------- ->> PLEASE STOP HERE TO COMPLETE QUESTIONAIRE AND DISCUSS
EXPERIENCE <€-----
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A6.14 TO DO - TUIC Model

The exercise is to develop a TUIC model for the hotel registration system using the Ul-pattern
model as a guide. Please use the methods demonstrated in the introduction. There is only time

to complete the first four steps of this method so details for individual fields in the interaction
spaces will not be added.

The TUIC Modelling

Use the following method to create a TUIC model but there will probably not be time to complete

step E so do not add additional comments or content detalils.

A—TUIC symbol set familiarsation

Y

- -
- -

E- create averall

interaction
space matching
root Ul-pattem

o - O —replace generic
C - add TUIC detailed - repace gs —
from next pattern | - symbolswith E-review
inul pﬁﬁErancIEI b " Epecific ones renaming TUIC model

v

L 2

to reflect application

Figure A6.5 - Schematic of the pattern informed abstract prototyping method

Step A.
Step B.

Step C.

Step D.

Step E.

Become familiar with the TUIC symbol set.

Starting with the top or root pattern of the Ul-pattern model, examine
the solution and the TUIC model diagram to get an overview of the
TUIC model to be created. Draw the main interaction space and
label it.

Work down through the patterns using the diagram to guide the
development of the TUIC model. Add CAP & navigation symbols to
define details. In the initial stages use the generic components.

As the modelling progresses, replace the generic components with
specific ones where they make the intent of the design clearer.
Rename interaction spaces and components to reflect the
application’s domain. Active material components should be used
to replace equivalent material and tool components. Comments that
clarify patterns used should be added.

Review the model. This review may remove unnecessary layers of
nested containers, group and reorder related symbols, and rename
symbols. Comments can be added to make types of interactions
and requirements clearer. Consider adding content details too.

Table A6.6 — Abstract prototyping method.

=>> PLEASE STOP HERE TO COMPLETE TWO QUESTIONAIRES AND DISCUSS

EXPERIENCE <€&-----
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A6.15 Example Ul-pattern Model for the Hotel
Reservation system
The case study participants were provided with the exemplar Ul-pattern model below to

work from for the third session rather than use the one they had created during the
second session.

2 — High-density Information

Staff details nsaction phases
4- 7 —Collection 14 — Convenient 3 — Current
Information beside Environment Properties
on form Content Actions \
new sort, 06 M
i bask, next] — Master
List of room with Details
12 — Choice 3 — Current 14 — Convenient . )
from a Large Properties Environment clients detail . .
Set Actions [su ancel, print]
l 04 — 10 — Stack 14
Information of Working ~
6 — Master on Form Surfaces Convenient
13— with Details Environment
Tabular Actions
Set
Room defails RdQM history

Information
on Form

4—

details ent details
13-
Tabular 3 - Current 3 - Current 3 - Current 3 — Current
Set Properties Properties Properties Properties
A ) A} A)
\ \
P2 ol o

15 — Pointer
shows
affordance
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Appendix A7: Studies One & Two — Exercise
Worksheets

A7.1 Study One & Two - Cover sheet for Ul-pattern
Modelling

Note that the objectives were re-worded on the coversheet so students were not aerted

to the importance of theillustrations.

IDENTIFYING COVER SHEET
This study has the following objectives:

e Determine whether Ul patterns are an acceptable medium for presenting Ul

information to students.

¢ Investigate suitable formats for presenting the information within Ul patterns and

pattern languages.

e Determine whether the proposed method can successfully guide students in creating
aUl-pattern model.

e Discover whether building a Ul-pattern model devel ops student understanding of Ul

patterns and pattern language structure.

Once the different artifacts created during the experiment have been collated with the
material identified by this page, this page will be removed and destroyed so that the

research data becomes anonymous.

The results from the analysis of the experiment will be available from the CS officein
AH3.91 on request. Participants will have to present their 1D card to prove that they

were enrolled in this class and therefore have aright to the information.
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A7.2

Study One - Worksheet for Ul-pattern Models

Using-Ul-Patterns-to- Guide-the-Development- of-Conceptual- User- Interface- ModelsY

r

i

EXERCISE-SHEETY

Pleasemdicatewhich-pattem=etvoureferred-to-when-completing this-exercise:- Y - BT

" Construct: a-Ul-pattern- model-of-the- given-User- Interface.|
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A7.3 Study Two - Worksheet for Ul-pattern Models

Using-Ul-Patterns-to-Guide-the-Development-of-Conceptual-User-Interface-ModelsY

UI-PATTERN-MODEL-EXERCISE-SHEETY

" Construct-a-Ul-pattern-model-ofthe-given-User-Interface. Y
.
.
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A7.4 Study Two — Cover sheet for Ul-pattern Models

IDENTIFYING COVER SHEET
This study has the following objectives:

e Determine whether the proposed method will support students using Ul patterns as a
guide to the creation of TUIC models.

e Determine whether Ul patterns can be used by student Ul designersto gain new Ul
knowledge.

Once the different artifacts created during the experiment have been collated with the
material identified by this page, this page will be removed and destroyed so that the

research data becomes anonymous.

The results from the analysis of the experiment will be available from the CS officein
AH3.91 on request. Participants will have to present their ID card to prove that they

were enrolled in this class and therefore have aright to the information.
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A7.5 Study Two - Worksheet for TUIC Model

Using-Ul-Patterns-to-Guide-the-Development-of-Conceptual-UserInterface-ModelsY

UI-CONCEPTUAL-MODEL-EXERCISE-SHEETY

model g
i

" Construct-a-Ul-conceptual-modsl-of the-given-UserInterface-based-on the-exemplar-Ul-pattem:
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The following nineteen patterns are images of those used for Sudy Three.

77

A8.1 Pattern Maps

In the experiments the structure of the pattern language changed.

Study One

—_ Reference anly
————— -Context anly
— Matched

,,,,,

01 — Marrative 11 - Tabular et

02 - High lensity Infarmation 12 - Stack of Working Surfaces

03 - State Information 13- Choice from & Small Set

04 - Transaction by Form 14 - Choice from a Large Zet

05 - Control Panel 15 - Convenient Environment Actions
0& - Collection beside Contert 16 - Pointer Showes Affordance

07 - Master with Details 17 - Forgiving Text Entry

08 - Cascading Collections 18 - Input Promigt

09 - Groups with Titles 19 - Good Defauts

10 - Hierarchical Set
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Study Two

01—
oz -
03—
04 -
05 -
06 -
a7 -
03 -
09 -
10-

Matrative

High-density Information
Current Properties
Infarmation on Fonn
Control Panel

Calledtion beside Content
Master with Details
Cazcading Calledtions
Groups with Titles
Hierarchical Zet

16
17

-Tabular =&

- Stack of Working Surfaces

- Choice from a Small Set

- Choice from a Large Set

- Conveniert Environment Adions
- Painter Shows Affordance

- Forgiving Text Entry

18 = Azk for Input

19 -

Good Defaults
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Study Three

02) -—'ﬁ

e T L [ e
RN NN A

7 i
XA

S7a

[

01 - Narrative 11- Choice frorm a Small Set

02 - High-density Information 12- Choice from a Large Set

03— Current Properties 13- Tabular Sel

04 - Infarrnation on Form 14 - Comvenient Environment Actions
0%5- Control Panel 15- Pointer Shows Afordance

06 - Master with Details 16- Groupswith Titles

07 - Collection beside Content | 17 - Foraiving Text Entry

08- Cascading Collections 18— Ask for Input

09- Stack of Working Surfaces 19— Good Defaults

10- Hierarchical Set

A8.2 The Narrative Pattern Set

To create a narrative pattern set remove both the diagrams illustrating the solution and
the images for each example. The caption for each example should have the prefix
reference to the figure and number removed so the examples become just a list.

The first examplein the list should be moved to the beginning of the pattern before the

Context section and be given a heading “Illustration.”

A8.3 The lllustrated Pattern Set

To create an illustrated pattern set remove the TUIC model diagram illustrating the
solution. Movethefirst imagein the examples list to the beginning of the pattern and
giveit aheading “Illustration”. The size of the image can be increased but not so large
that the pattern takes up more space than two sides of an A4 sheet.
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A8.4 The Diagrammed Pattern Set

The diagrammed pattern set follows.

The Patterns List

Context links Reference links
01 - Narrative 2,7,9 7,14
02 - High-density Information 9 1,3,4,7,8,9,10,11, 12,13, 14
03 — Current Properties 2,7,9 4,5,6
04 - Information on Form 2,3,6 9,11, 12,13, 14, 15, 16, 17, 18, 19
05 - Control Panel 3 11, 12, 14, 15, 16, 19
06 - Master with Details 3 4,7,9,13, 14
07 - Collection beside Content 1,2,6,8 1,3,9 11,12, 14
08 - Cascading Collections 2 7,11, 12
09 - Stack of Working Surfaces 2,4,6,7 1,2, 3,14, 15
10 - Hierarchical Set 2,12,13 13, 15
11 - Choice from a Small Set 2,4,5,7,8 13, 15, 19
12 - Choice from a Large Set 2,4,5,7,8 10, 11, 13, 15, 19
13 - Tabular Set 2,4,6,10,11, 12 10, 15, 17, 18, 19
14 - Convenient Environment Actions 1,2,4,5,6,7,9 15, 19
15 - Pointer Shows Affordance 4,5,9,10,11, 12,13, 14
16 - Groups with Titles 4,5
17 - Forgiving Text Entry 4,13 19
18 — Ask for Input 4,13
19 — Good Defaults 4,5,11,12,13, 14, 17

NOTE: The following pages show screen images of the relevant parts of the pattern

pages because the margins used for the original patterns will not fit within those

required for thisthesis.
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01 - Nairative
Context
Theteis a nieedto convey infortmation to the veet, the information is closely intetrelate d, but mayhe
of divverse kinds, andthere may be some subjectivity involved.
Like most patterns that can provide an overdew description of auser interface this pattern can also
beusedforthe content part ofthe pattern COLLECTION BESIDE COWTENT or for information
otya swmface ina 3STACK OF WORKING BURFACES and alzo as patt of a display of HIGH-
DENRITY [NFORMATION.
Problem
Inwhat form shouldlongish chunks of narrative information be presented to the user?
Solution
This approach fo presevfinginformationis basically relafively simple:

I Creafe aclear fifle

2. Provide aprécis idenfifringthe mostimporfafissues fivst;

3. Follow wp with the most imporfed supporiing information;

4. Finally provide access fo any relevart backgrowadivformation
Maratiwe

||:|Trﬂe |
|:| Fredis

[ mportant rormation

ppsnl Background nformation

F biore

Reference

It iz itnportatt that the reades koo how to access the information so ensure CLEARENTRY

POINTA. Use EXTRAS ON DEMAND to access backgroundinformation. Much narrative has

structute 20 a dorument map can be helpflusing Collection beside content. Itisimportant that

actions suchas printing that a ugeriz Hkely to want to catry out are cleatly accesgible Converdent

Envrironment & ctions.

Forces

1. Maty kinds ofinformation ate easierto absorb and rememiber when they are conveyed wia
naturallangnage than when they are presentedas raw data,

2. Many people find narrative to be more pleasant than raw data or symbolic representations.

3. People moving around the web skim for information or key words, I the main theme of the
formationis not gquick and easvto grasp, itiz vesually not read.

4. Maturallangiage presented as " straight text” has to be read or skitme d lineatly to find specific
information.

3. Maturallangiage can cotivey subjectivity - walues, interpretations, and opitdons -- it a way that
o other information presentationcan.

6. The artefact’s of authot's point ofwiew should sometimes be explicitly acknowledged, such as
when credibility is anissue; narrative can do this well, whereas other forms of data presentation
arE fHOFE &10NFHoS.

Discussion

Uze all youleamedin high-schoolEnglish clage about good witing, Ueers will most likely be

skimming the text for information or key words. Use such devices as colout, fonts, and white sparce

tozet offitems of interest. Thenlook atthe technicaes usedby joarnalist whenwriting, JTacohb

Meilgon for exathple tecomtnends using the Inverse pyramid writing style

hittyffannr v eit. o ot alerth o @AQG Tl
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Other technigues that should beincorporated ave to first ereate a concise but descriptive title for the
information According tovan Duyne et al it should be no more thanten words, Alsothe writing
should be in short sentencesusing a relatively straight forward vocabulary. Whenprosiding
opitdot avoid uesitng hoepe and ensare thatvou are providing rational comment. Forthe middle
section of important points supportingthe conclusions consider using bulleted iststhat may have
litks to detailed support information on following pages.

Brenda Laurel's quote onthe use of narrative in an interactive artifact

“Narrafive includes both fhe sforp beingfold (covtent) andfhe cond fions of ifs felling (strucihure
and confexf) . Within fhat fnarrafive [framework, inferface desigrers can adopf sfrafegies from
narrafive theory, such as inclhwdimgmulfiple representafions of events and imfoemafion or using
characters as a means of represafing materid with 1 explicitly achowlzdged point of view. ™ (b
132)

Hedzet provides the following comments:

... the Wabis a lnking medivm and we know from hyperfexfthecry thaf writing for inferlivied
imformation spaces is different fhan writhglinear fows offexf. hfact, George Landow, a
Frofessor of Bnglish literafure coinedthe phrases vhetoric of deparivre andrheforic of arvival fo
mdicate theneed for both ends of the lial fo give wsers some wnderstanding ofwhere they can go s
well aswhy the arrival page (s ofrelevance fo them. ™
Therefore, we wowld expect Web wrifers fo splif thelr wrifinginfosmaller, coherentpieces fo avaid
fong serolling pages. Each page would be sirucfured as an hwverted pyramid, but the enfire work
wonld seem more like a sef of pyramids foafing in cyberspace fhan as a fradifiona "arficle™

Examples for MNarrative

e et Eruamd Norrald
nzherald.co.nz

Turia says colomsation and Chrstianity to
blame for smacking

* WOUNTAIM ITRECASTS

=X =

Page from the EndMote

mamual showine content list The Mountain Weather forecasi from the INZ Mei service -
linked 10 the information  TPwww.metservice.co.nz/defaulifindex.php *alias=nzmounizin

(Based on Pattern 1 "Warrative” from Common Ground — Tidwell 1999)




Appendix A8: TUI — Teaching Ul Pattern Language

83

02 - High-density Information

Context

Thereis a needto conrey lots ofinformation, either of a homogeneoustype orinterrelatedin some
weay, bt all of rovghly equivalent importatice,

Like most patterns that can an ovetview description of avger interface this pattern can also be uged
within other pattems much as for information on a surface in o 3TACK OF WOREIN G SURFACES.
FProblem

Inwhat form shouldlarge amounts of often complex information be presentedto the user?

Solution

Fachk asmuch informationinto one worling surface as possible, following theprecepts of good
graphic design, withaw or gmtzafionthaf accurately reflects the wnaderlping sfruchre of the
information.

HEJ =8 b iy
it ——— ] Qrganise interrclated
:“:l Falated Wb maton informationrefls cting
H urderlying structurs
1y
[ H
e
et
¥

Reference

Congider providing accessmethodsto the content of the information by using a pattern like

COLLECTICON BESIDE CONTENT orif wery complex CASCADE COLLECTIONS.

CONVENIENT EMWVIROWMENT ACTIONS may be requiredwhere thete ate actions specific to

the type ofinformation being displayed,

Choose apattern that represertsthe structure of the undedying information such as

HIERARCICAL SET or TABULARSET. CHOICE FROM A LARGE 3ET may alsobe required

where the itformation has a simpler stracture az can CHOICE FROM A SMATL 3ET whete

displaying all optionsis possible and desirable. A s this pattern is presenting complex information

sotte of that information may require the use of the other high-level patterns such as HNARRATIVE

ot CURRENT PROFPERTIES.

Whete there iz no regular underlying stracture to the information being displayed together consider

otgatising it veing INFORMATION O FORM or alternatively where it iz just ot possible to

display all the information onthe display sutface available group the information using a 3TACK

OF WORKING SURFACES.

Forces

1. Theuseralsowants to quickly get a "bigpicture" of what the information iz about,

2. Theuserwants to gquickly find specific information.

3. Theuser showldtlt have to do any more thinking or andpaslation of the artifact, thanis
abgolutely necessay,

4. Theusermay be frustrated, or make a poor decision, by not being able to see all the available
information.

Discussion

Thiz is a high-level pattern; yow are stillleft with a decision on exactly how you present the

informmationn. How the information is presented depends onwhat the useris most lkely trying to do

withit -- whether they need qualitative or quantitative information (or both), forinstance, or

whetherit's more impottant to find one datum, or to gee that datum in context with the rest of the

data, orto get a bigpicture. The answer partly depends upon the information's stuchare. Ifthe

formationis geogtaphically structired, amap might be appropriate. Usevisual elements to help

the userlocate different types ofinformation. Data sets ofhigh dimensionality demand mote

sophisticated display techrigues, oftenleading desigrnersto combine spatial dimensions with colou,
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and animation. ¥ou may needto provide anumber of different navigation features so the user can
‘wratider through’ the information space.

Il ake the information dense enough sothat the eves do nothave to mowe far from one thingto
atrother and so that sorolling iz winecessarywhenever posaible. Spatingly use bright colour andfor
imagery to highlight specific objects ot CUREENT PROFERTIES relevanttothetaskathand, so
that the waer doestlt haveto read text or scan ineatly to find important things. Use negative
(Mwhite') space or subtle colour, rather than boxes ot lines, to organdze the information. Don'tbe
shy about using large areas, of small fonts, or tiny cotitrols and petipheral things ifthe information
displayis the most important task of the artifact.

Whet a great deal of information 15 well-orgarized and presented in a visually reasonable fashion,
the hunan mind is atmazingly good at viewingit all, finding speeific pieces ofinformation in i, and
getting the big picture out of it. Tryto take advantage of huaman cogritive skills to enhance the data
display. It's easyto confuse "toommch clutter” with "too sach information" - it's likely thatmost
cases ofthe latter are actually misunderstoodcases of the former. If auser complains to youthat
"Thete's too much stffto see at once." see iffthe problemisn't really that it's just badly presented
toomany boxes (imagine a 50x10 grid of white edit boxes ona gray background!), too many ortoo
few colours, ahard-to-tead font, poorvse of negative space or widgetty, ete.

For good discussions ofthese issues, see Edward Tufle's books, particulatly The Fisual Display of
Cheanfifafive Mftrmation and Byvisioning Mformation. BenShneidermarn's latest edition of
Designing the User baferface has an excellent chapter on information wisualization, with plentifial
examples from the software world.

Examples for High-density Information

* JOEF a8 Pk REROETS.

AR KR K
%

MNZMet Service snow conditions at Ski resort cenires.

T Ty e rIp——— —— CEm FLOTAL SEATHIR

Outlool: email message viewer INZ Met Service local weather reporting
(Bazed on Pattern 2 "High-density Information’, Common Ground — Tidwell 1999
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03 - Cwrrent Properties
Comntext

The information describing an artefact must be displayed. The information maybe changed over
titre.

Like mostpatterns that can an overview description of auserinterface, this pattern can alsobe used
forthe content patt of the pattern COLLECTION BESIDE COWTENT or for information ona
sutface in a 3TACK OF WORKING SURFACES and also aspart of a display of HIGH-DENIITY
IMFORMATION.

Problem

Invwhat form should information that deseribes the characteristics of somethingbe made available
tothe ueet?

Solution

Choose a strucfure fo display the tnformation that fifs the fype and guartity that needs fo be
displayed Fufthe information describing different characterisfics fogether in a way thatf
emphasizes the Imporfaaf things, deemphasizes the frivial, doesn thide or obscwere anpihing and
prevents confusing one piece of information with anofher.

Cument Properties Sumourding contest

[ | Display elament |§| Cument Propeties

e
R

AEdtable elemert
T
W

alternatively
Reference

Whether information has to be provided by the user ornot use the one ofthe following patterns that
heatreflects the structare of the information to be displaved. Where information just needs tobe
laid out sothe vser can easily access it, consider ueing INFORMATION OW AFORM. MAITER
WITHDETAILS should be used where the information abhout an artifact has associate dwith it
matiy repeateditems. Where the informationto be displayedis effectively updating in real time
consider using a CONTROL PAMEL. In situations whete there are actions that pertain to all the
information such as saving aty updates consider inchading CONVENIENT ENVIRCHNMENT
ACTIONS.

Forces

1. Theusetrwants ote place where they kuow they can find the information about a selected
artefact.

2. Theinformation should be organized well enough so that the user can find what they need
cuickdy, interpret it appropeiately and modify it i permitted.

3. Theinformation displayedneeds tobeunobtrusive ifit 1s not crtically important.

4. Theinformation does needto be obtrasive if something important happens,

Discussion

The sitnplest form of current properties is to display one ot more iteths of information, for exatple,

thetime. These displays of state information shoddd be unobimsive andwhere possible the user

showld still have cottrol over howr, whete andwhen the display oceurs. Sotme current propetties

change comparatively rarely and may be stored for example in a database espedally information

associatedwith business applications. This information needs to be organdised so that items of

interest canbe quickly located and the structure of associated information is clear.

If the userneeds orwants to supply values to change the cuttent propettiesit showld be clearhowr

they can do this, for example, it shouldbe easy forthe userto quickly find how to change the date.

Only dynamdcally rearrange the displays or controls ifthe user selects such an option. Call

attention to important information by positioningit where the reader expects important information

to oceour for example those people who embrace aEuropean or Ametican culbure tend to read left-




to-right, top-to-biotboen, and that something in the upper left cornerwill belooked at most often.
WVisually group together discrete items which form a logical group, and do this at severallevels if
youhaveto.

Ezpecially whete chatige in state could be very itnportant, such as the hattery of alaptop getting
verylow in powet, use such devices asbright colour, blinking ormotion, sound, or all three —to
attract the uset’s attertion But, use atechidue appropriate to the actual importance of the sitaation
tothe uger(such as Important Message).

Examples for Current Properties

Calf Me, 0D4.6 Shn

Daseript  =uill, 652 p. f col (Il ;24 cm

Editian  4ath ad

Biblieg. Indudes bibliographical referances and index
FSBA 0321197360

Awtbor Shngiderman, Ben
Swbfect Hurman-com) F inkaraction
Ugar intgrf. Jii] ¥ [is]

Other Awthor Plaizant, Catharing

Call Number Location Status

Qa6 Shn Turitea Book AVAILABLE
0ps 6 Shn .2 Turitea Book AVAILABLE
Ofd .6 Shn 3 Turitea Book AVAILABLE
00d.6 Shin Albany Book (Lvl 3) AVAILABLE
00d .6 Shn wellington Boak AVAILABLE

Massey University Library Catalogue showing the status of different copies of Ben
Shneiderman’s hook.

- *-» | Fa UL O Ehine B BUeY
e m: 2 il

Fage 12 S 1 132/885 AL 1E4Cm Lm0 Col 1

State bar from Microsoft Werd

i
i
AOHHT

Fetiirsy v

Train, hus, or airline schedules such
as this one for the Overlander

(Based on Pattern 3 “3tatus Display from Common Ground — Tidwell 1595
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04 — Information on Form
Context

& user oftenneeds to view information that provide s a snapshot of something represente dby values
asin CURRENT PROPERTIES. The usetmay also have information they needto provide soa
taskcanbe completed. The userhas normally to enter values az short answers inresponse to short
prompts of questions or by selecting from a set of options. This patternmay be part of HIGH-
DENRITY [NFORMATION.

This patternis often required to display the details section foundin a MASTER WITH DETAILS
pattern.

Problem

How should the application show the current statius of the information and indicate what
information should if any be supplied by the uset?
Solution

Frovide appropeiate "blavs" fo be filledin, whichelearly and correctly indicate wheat information
should be provided  Visually indicate those edifable blapis consisfertly, such as with subfle
changesinbackgrownd colowr, so fhat awser car see af a glavce what needs fo be filled in. Label
themwithelear, shorflabels theaf use ferminology familiar fo fhe user; place fhe labels as close fo
fhe blanks asis reasonable. Arrange then all in an order thaf makes sense semanficaly, rafher
fhaw simply grovging thivgs by visud appea e,
E1chalyg corErt

oY

<<{E <<<E <<<E

Srouprelated
infor mation

ki

Reference

Thete are a mamber of basic shapes that information on aform cantake, The simplestis justa
litve ar layoat of the information items alongwith editable items. & form will normally have related
information organized into FROTPS WITH TITLES alternatively where there istoomuch
information to display on a single suface rather than have the user moving through the information
cotgidet veing STACK OF WOREING 3URFACES to groupit. Where all the information
naturally organises intorows, considerusing TABULAR SET.

Foreditable items select the pattern that helpe the veer provide the regquited data selectingfrom
CHOICE FEOM A SMALL SET, CHOICE FROM & LARGE SET, FORGIVING TEXT ENTRY
atnd ASKFOR INPUT andwhere possible always provide GO0D DEFATULTE. When the user
needs to catry out specific actions provide the required set of CONVENIENT ENVIRONIMENTAL
ACTIONE, for example, Mext andPreviows where the form 15 displaying customer information.
Whenthe userhas to prowde information then it is important that POINTER SHOW
AFFORDANCE iz used sothe user knows where they are within the group of ttems,

Forces

1. Ttshouwldbe cleatwhat the uaeriz supposedto read, andwhat to fill in,
2. Theuszerneedstoknow what iz recuired, andwhat is optional.

3. Theuserneedstoknow what kind of information to provide.

4. Users almost neverread directions.
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5. Users generally do not enjoy supplying information this way, and are satisfled by efficiency,
clatity, atd a lack of mistakes.
Discussion
Wisually, arrange theblanks and labels according toa spatial grid; align the edges of the stronger graphic
elemerts, like hoxes, whete woucan, Give ther a neat Jook and a good wisual rhythen, bt don't let a strong
geotnetry overarhel the meaning of what is written or provided -- big arvays of edit fields (or whatever)
look seary! Ifthere ave a lot of thern, at least separate them o swnall gronp and gree therm a nare according
to the mearang of the irdforraation if possible. Do not just what group what looks good.
Provide reasonable default values wherever possible, to lessen the arnonnt of work that the user has todo. IF
the nser provides information that makes some parts of'the forrm Dreleseant then disable thera. Likewise, if
the nser provides sorne clue which enables a software-based for to predict what imformation will be filled
inelsewhere, then have the software do it for thera. For exaraple, if a useris providing their address but only
theirbase phone nureber - then fill in theivares code for them. But don't do it wrong; that's worse than not
dring it at all, becanse the user then has tohoth notice the exror and correct it
Be forgiving ahout the format of what the user provides where possible suchas a date tryrto interpret what
theyr mean. Bt if the required information siraply ranst follow a certain forrat, thenan erpty, featureless
text field is the worst possible thing to have to fill in. The nser never knows if they’re doing it night.  &Always
offera clue about what iz expected by constraining the nser's inpt in 4 reasonable way, and don't resort to
walidating afterwards, ghving the user 4 nasty message shont howr wrong their put was, Giving an exaraple
right there on the form is a betteridea, but still not as good as a visual constraint. (Sometimes, cultural
factors make visual constraints unnecessary. & login screen, for instance, nsually just has flelds for "User
narne " and "Password" -- the possible inpot strings ave constrained, of course, bt 29.9%, of its users will
urderstand exactly what is expected, and coretrairts or extra inforrmation will be rore troable thar it worth
See Don Mornan's The Design of Everyday Things for lengthy discussions of physical and cultural
ronstraints. )
Mo ome ever reads or fills in forws for fan, They do it becanse thesy want sormething (as with a catalog order),
orbecanse they are cornpelled to do it (taes), orbecause it's theirjob (data entry?). It's pointless tobe cate or
clever, and if you raake the user have to read extra instructions, or go back to redo something they
misunderstood the first tire around, or jurap around the form to fill in things "out of order," they will be
irritated.
Ifyou can find a non-contrived way to use sormething other thana forrn, do so. For instance, whyr ask
soreone to laboriously fill in a day, month, and sear when youcan just have them pick a day from a
calendar? Orbetterstill fill in today’s date if that 1z the usual value.
Examples for Information on Form

Pl L T G TAH By Feitd el B

On-line tax form from the www.ird govinz's weh site
[Hogin codmney ]

Simple verification for Massey University’s administration systems
(Baszed on Pattern 4 Form’, Cottanon Groud — Tideeell 19900
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05 - Control Panel
Context

The CURRENT PROPERTIES the usetnieeds to view iz the current values of items as they are
changinginrealtime. Oftenthereis also aneedtoprovide away for the userto either change the
state of sotme wahues, of cotthand some action take place e diatelsy,

Problem

How bestto presett the cutrent waluesthe user needsto view andthe actions that the user may need
totake?

Solution

For each fimetion or sfate variable that is parf of the wser s mental model, choose ong well-
designed covfrol thatperforms the fimctionor displaes the variable s value; put them il fogether
sueh that fhe most commonly-wsed controls ave the most prominet,

Bniclosing cortedt

[=] control Pane

[ ] Hotfcation
i
W
b
w
E‘ Changeabie wales

Reference

Some patterns you canuse to create a control panel are CHOICE FROM & SMATL 3ET, CHOICE
FROM A LARGE 3ET, and ZLIDING 3CALE where there is a range of values to choose from,
Dlake it clear which controls representwhich actions by organising the control featuresusing
GROUPE WITH TITLEZ, When a given control or actionis not theant to be vsed at a given titme,
disableit. Often a small subset ofthe commands or actions are the most commonly used so hide the
others using EXTRAS ON DEMAND. Some CONTROLS PANEL will recuire cotnonly used
CONVEMIENT EMVIROMMENTAL ACTIONE. TUse POINTER SHOWS AFFORDANCE sothe
et knows where they ate onthe control patel.

When the control panelis beingused to start something thenprovide GOOD DEFAULTS for
editable controls.

Forces

1. Theuserwants one place whete they know they can find the necessaty controls for an object,
writhoat having to bt for them.

2. The controls onit should be organized well enough so that the user can find what's needed, with
mititrial effort and with no confusion.

3. Theremightbe alot of controls involved, some of which may be complex.

4. Theusermayneedtoaccess armunbet ofthe controls in a time period so they want control of
howlong they stay visible.

Discussion

Simdlar functions may have sidlar-looking controls, bt make sure that they aren't so sitmdlar that

the user gets confused about which is which, even iftheir labels are different. (Hence the remote

cotitrols and cellular photies that are bad examples. They usually have rows of buttonsthat allfeel

alike to one's fingers -- andthese are the kinds of things that people like touse without heing able to

look at them!)

When someone usesthe controls, give immediate feedback that somethingis happening, this could

bevisualfeedbaclk, verbal, aural, tactile, ete. The best controls also dizplay the current state since it

makes senge topeople to affect something in the same place they seeit.
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If the things being controlled have obous andfamiliar spatiallayouts then use thatin the control
panel InThe Designof Bveryday Things, DonMNorman makes an example out of stoves - their
burtiers are attangedin a2yd grid, butthe controls for them ave usually not, andusers haveto stop
atid think about which goes withwhich. If analogous spatial atrangement doest't make senseina
given situation, then trv instead to groupthe controls semantically. Tdeally, the controls relevant to
agiven high-leveltaskwill endup clusteredtogether, sothe user doeatlt have to bt all ovver the
control panel for the next needed contral.

Examples for Control Panel

™ e desinoninn Waosd
S From ros ey el stion
) CTuininst el
S from {mesplabe
wark] ot
e T e gt
| ‘e Tt
&) mplaton o ek e

] Faraplates o ool o

- 0 E
D S TN £
-l 4 L prre——
Microsoft Media Player Conirol Panel | S o
showing state of curvent play list Enoinh New Zeslanch

PowerPoint’s "Mew Presentation™
task pane provides a panel of
related commands

(Baszed on Pattern 5 *Control Panel” from Common Ground — Tidwell 1999
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06 - Master with Details

Context

Theteis a needto cotrvey related contert to the veer where the contert can be clearly pattitioned
intoinformation thatis about a single object whichis linked to a nmamber of related items. Usethis
pattern where eachmajor or master objectis associatedwith many homo geneous items which the
uzertmay needto see. Each ofthese items is desctibedusing similarinformation or compotents.
This patternis a structural pattern where the userneedsto view a snapshot of the related
information asin CURRENT PROFPERTIES.

Problem

Howr caty at object with a closely associated seties of contert be presentad sothat a vuser can explore
the details without loosing sight ofthe tain item?

Solution

Ehow the basic formationabout an object as an overview inoneparf of the display area. Enough
defails afeach of the related ifems should be avalable fo displayin an adiacevt area. The display
ofeach of these ifems showld be similar.

D ™

|§|\:-.\;-.- ’.:‘ -

Er] ] ] Eer

EUI!JM % % §_I l? | E |
e F I
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ﬂ::';;‘h [S]0uais
jmereedn E ]

FA—
dictorli wrth
dject
degcribad in
the overos

alternatively ¥
Reference
Most examples of this pattern uee INFORTIATION OW FORM to dizplay the information for the
masteritem.

The structure of the details sectionassodatedwith the overriew or master information will dictate
the bestwayto displayit. Inits simplest form the detail section will be displayed using a sitmple
TABULARBET with eachrow displays one ofthe relateditems. Another comumon pattern where
there iz too much information for each of the items the details could be displayedusing a3TACK
OF WORKING BURFACE. Iore complex information may call for using apattern such as
COLLECTION BEZIDE DETAIL. Considerueing EEXTREAS ON DEMAND for the details whete
the user choosesnot to view them.

Ensute that appropriate CONVENIENT ENVIEONMENT ACTIONS ate provided for actions such
ag saving and edited conterd.

Forces

1. The stractured information being displayed iz inherently a one-to-many relationship,

2. Theuserisfocused ona single main object or ‘master” but usually wants to see bothit and
related “detail” information sinmaltate ously,

3. The detail information may needtobe selectable to show further information about the object.

4. Thereiznot enough space to show mualtiple detail wiews

5. Ttis desirable tomake effectiveuse of available screen space by sitnplifiy it to a single wotking
sutface.

Discussion

Eeepthe masterinformation and the related detail areas spatially adjacent, sothat the user can

eagily glatice back and forth. Generally masterinformation is atthe top of the display area, details




92

inthe centre, and optionally a footer may contain a summary of the detadls (often calculate d walues)
ot poseibly actions regquired to complete or confirm the transaction. Information forthe associated
items ot details is often atrangedinrows and columns. Where the number of detail items is large
then atechhicue for display oflarger sets such as sorolled regions may needtobeused.

The undeslying structire of the information is often a hierarchical series of one-to-marnsy
relationiship s between the main object of interest and related detailed objects. A typicaluseisto
display a purchaszing transactionwith a customer, for example, onaninvoice customer details match
toaset of itrvoice line items. This undetlying stracture needsto be consideredwhen determining
how the informationis tobe arranged onthe form,

Oftenthe userneeds to be able to select the individual items in tarn to view specific details if there
iz too much detadl to show on a single screet,

Where space allows, when fhe wser selects an object, cafegory, or area of inferest within the
overview, immediately showifs relatedconfent-- ifs defail -- in the remaining space. As the user
changes the selecfion, update the defal area fo always reflect the current selecfion

Examples for Master with Details

Template from Microsoft Excel for a typical hvoice

e ed [ savsry i i e iy [Fros (s CER

i i d e e 8 e bk -
(S Fr=———
ra

Massey University Library Catalogue
entry for a hook showing details of i
individual copies —— T L
Tabular form showing finamncial
information for the selected student
(Bazed on Pattert 4 ‘Form™ & Pattern 9 ‘Owverview beside Detail’, Common Ground — Tidwell 1999
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07 - Collection beside Content

Context

& collection of ohjects, categories, or even actions needs tobe displayed and each of these iterns has content
assoriated with it that the nser wants to access. The userneeds tosee the overall strurture of the collection
a0 thew cangelect iterns of interest in any order. The pattern high-density information often uses this pattem
to pattition cornplex infortnation so it is easier tolocate details. MARRATIVE canuse this pattern to create
alist of cordents to provide an altemate access mechanism, The MASTER WITH DETAILS patterncan
use this pattern for displasying the details section.

Cagcading COLLECTIONS 15 used for more complex cortent when the structure of the imformation has
roaltiple leweels of hierarchical inforrnation then this pattern will norznally be used for the last collection in
that structure.

Prohlem

How catvyoupresent alarge atount of content matched to each member of a set of items sothata
user can explore it attheir ownpace, in a way which is comprehensible and engaging to the uset?
Solution

Dyvide the inferface space Info fwe areas. Infhe first, show the collecfion or overview fromwhich
the user cam select af will; inthe other, show the content of the selecfeditem.

Eic E-J-.-Z_l con et

[Jeotection e ke content Erlcaing contedd

[=] o ctin |:| Callection beside Content
f;":‘:‘::i':;ﬂ" to selection in}

the Edlection the Collect ion
HETN
alternatively
References

This pattern isbasically a forra of select and show and arer of the patterns that display collections frora which
aselection canbe made conld be nsed. The collection should norrally be preserted nsing either CHOICE
FROM & SWIALLSET or CHOICEFROM & LARGE SET depending om the size of the collection. For
stnall lingar collections alzo consider uwsing STACK of working smrfaces.

Forthe content section use one of the high lesvel patterns suchas Narrattve OR.CURRENT PROPERTIES
that best represents the overall structure of the content being displayed. Then whete necessary select related
lonarer Jewel patterns to fully represent the stroctiure of the content. Where the user can carryont actinns onthe
selected itern provide these as a set of CONVENIENT EWNVIRONMENT ACTIONS,

Forces

1. Theuserdoesn’t want details hidden while selecting the neat itexn toview and visa-versa. Physically,
the display area has to be large enough to show parts ofboth the collection and the content onthe
workspace.

The uzer needs tobe able to find and select iterns fror the collection.

The nser wants to ses where they are in the collection as they review the details of a selected itern.

The nserneeds tobe able to move easily and gquicklybetween selected iterns in the collection.

The user wants to concentrate onone ohject, category, or avea of interest at a time.

Discussion

Inthe Western world users ate used to using contents lists in written raterial such ashooks to quickly scan
access information to locate a page rarvber and then finding the associated content. Sirailaly, m the user
interface world placing two panels side by 2ide has become an extrerely corarnon and povwerfial way of
presenting identifying nforation such as titles or subject lines frorn which a user can select at itern of
interest and view the contents of that itern in an adjacent window. It shouldbe clear to the user which item
inthe collection hasbeen selected. Itis general best touse a technigue that is sirilar to other systemns the
user nortnally interacts with to highlizht the selected itexn.

The collection frorn which the user & will select iterns shouldbe placed at the top orto the left and the details
of the content eitherbelow or to the night. Users whoread left-to-nght langnages are tramed to expect this
type of visual flow. When the user selects an ttern, rarnediately show its contents or details i the second

e dn L b




94

patel. The stroctare nsed for displasring the collection should reflect the inherent structure of the items v the

collection. Sowe of the types of strueture that ave cormmordy found are

= Linear, usually sorted

= 2D tables, normally Sortable on one of he colutem headers

= Anitemthat has many related sub-itemns

= A& hierarchy rmade up of categories and related subcategories

= Spatial organizations, suchas maps

Az Tidwel gavrs whenboth panels avevisible side-by-side, nsers can gquickly shift their attentionback and

forth, looking nowat the oeetall strostare of the list ("How many more nnread erail ressages do [ hase?™),

and nowr at an object's details ["What does this erail say™). This tight mtegration has several advantages:

= Itreduces phoysicaleffort. The user's eves don't have to travel a long distance between the panels, and
he pan change the selection with a single mouse click or ke press, rather than fivst navigating between
windows or screens (which can take an extra monse click).

= Itreducesvizual cognittee load. When a window popes to the top, or whena page's contents are
corapletely changed, the user suddenly has to pay more attention to what he's now looking at; when
the window stays mostly stable, as ina Two-Panel Selector, the user can focus onthe sraller area that
dhid change.

= Itreduces the user's memoryborder, Think abont the ernail exaraple agaiv: when the user looks at
Just the tewxt of an ernail message, there's nothing onscreen to rernind hirn where that message is in the
context of his mboz. Ifhe wants to koo, he has to rermerdber or navigate back to the list. Butif the
list 1z already onscreer, he merely has to look, not remerber. The list thus serves as a "You are here"
signpost.

Examples for Collectionheside Content

B

Wieb Worksr Dally

Eudora email message view

AT — : E [= L==1 =]

From Windows Explorer

[ T — -
From Microsoft Visio — New
graphic
(Based on Pattern 9 ‘Orverview beside Detail’, Comemon Ground — Tidwell 1999
atid Pattertn 13 “Two-Panel Selectot’, Designing Interfaces — Tidwrell 2006)

From Google NMaps
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08 - Cascading Collections

Comntext

The contenttobe accessed is inherently hierarchical and soalti-layere d High- density information.
The hierarchrmight be deep, andit might have many items on eachlevel

The hierarchoy may be literal, such as afilesystem, or conceptual - this patternis oftenusedtoleta
usernavigate and choose ttems within categories, or make a serles of interdependert choices.
Problem

How should seties ofitterdependent iteths or actions be organdzed so thatthey are easy to locate?
Solution

Express abierarchy by showing selectable collecfions of the tfems from each level. Selecfion of oy
Tfem shows that ifem s childrenin the nexfeollecfion.

Eicks 1 COrE

[ ]=ancaing Colketion s

[] casadng ot dtbas [=] e kctbk Kt The lists ars
H

sy hronised so the

o] s kot b 1B The listsare ne selactionin list] M-1]
¥ doter mings the

Eacios g oo 1kxt

synchorissd so the
et selactionin list M-1) options displayed in
i3 dter mines the list b
ki .
qmwns'f fqhwd " [Jookcton beske corert

Smdvonized [ 2 kotabk I6tH Smchroni sad
lzl Conteat tosdsction in to selectionin
thalast list (M) E.x.p.t tha kst list (M)

altetnatively

Reference

Thiz pattern effectively displaysroaltiple synchrotigedinstances of either CHOICE FROM A

LARGE BET tepresenting a deep hierarchical structure. Whete thereis alimited set of oplionsina

layrer then CHOICE FROM A SMALL SET maybe more appropriate. Thelasttwo panels inthis

pattern are often similar to COLLECTION BESIDE COMTENT as notmally some form of content

tieeds to be displayed.

Forces

1. Theusetrhastogelect frommany closely related options but the selection of one option restricts
the selection of the next set of options.

2. Theuserneedsto gethighlevelview of all the related sets of options.

3. Theoptions needtobe adjacent to each other yet each subset needsto be distinct.

4. Theuszer shoald be able to easily change an option andnotloose other sele ctions e ce satily,

Discussion

CHOICE FROM ALARGE 3ET ueing A Hierarchical Bet could wotly but the userwouldneedto

scrollup and down alot to see all the items, and wouldn't necessarly get a good overview of the

itemns at higherlevels it the hieratchy, By spreading the hierarchoy out actoss several serolled lists,

wou show more of it at once. It's that simple. Visibility 15 helpful when you deal with complex

information stractutes. Also, laying the itetms ;at inlists organizes them ndeely -- 4 user can mote

easily keep track of where he iz than he could with an outhine format, since the hierarchy levels are

ittce, predictable fived-position lists,

Put the first lewel of the hierarchy in the leftmost list (which shoulduse single-selection semantics).

Whentheuser selectsaniteminit, showthat ttem's childrenin the next lst tothe right. Do the

sathe with the child items in this secondlist, and showrits selectediten' s children in the third list.

Once the user reaches items with no children - the "leaf” items, as opposedto "branches"-- you

might want to show the details of the last-selecteditem at the far right. Many Finders shows a

thumbnail picture to represent animage, of the first fewr words of a text file, youmight instead offer

all for editing anitem, or for reading its content, orwhateveris appropeiate for a particalar

application.
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& nice thing about this patternis that wou can easily associate Ingtons with eachlist: delete the
cutretit itetm, move up, move dow, and so o,

Examples for Cascading Collections
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Eclipse showing the Java Browsing view: projecis=packages=types>members

Windows Computer Manager showing . ,
Services & Applications>Services>5SQL Server Font dialog hox i?“m Mac’s
(S$QL Express) TextEdit

(Based on Pattern 63 ‘Cascading Liste”, Designing Interfaces — Tidwell 2006)
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09 - Stack of Working Swfaces
Context

Thiz patterniz oftenusedin conjunction with other patterns like COLLECTION BESIDE DETAIL,
INFOEMATION ON FORI or MASTER WITHDETAILZ. For some complex HIGH-DENSITY
INFORMATION this maybhe one techrdgue for simplifiring the display butitis important to only
uze this patternwhere usersdotlt need to see tmore than one section of the information at atime.
Problem

Wheti there's too sach material on the work area andit is not necessaty to have everrthing on otie
sutface how should the artifact organize the information and actions?

Solution

Stack the surfaces fogether. Label eachsurface with awique and recogrizablename or icon for
et the wser pick the label), and visually eluster fhose labels fogather near the sfach. Make sure the
user can see which surface is currently selected

Erclosing comet Erclosing contest

[ stack P sck
. Work surtace
[ ]k surtaee A Sdect surtace [HEplay] D,_ e

/& Seket surface %
Only selected
worksor face i
u kible
Reference

Foreach sutface use apattern that visually reflects its undetdyving struchare consider which high
levvel patterns MARRATIVE, HIGH DENSITY DISPLAY orCURRENT FROFPERTIES is
appropriate. Don’tforgetto provide CONVENIENT EMVIEONIENT ACTIONS oneachwork
setvice that reuites thet. Itis alsoimportant to wee POINTER SHOWSE AFFORDANCE to
provide the uger with feedback onwhich sutface it the stack they are ahout to select.

Forces

wE

alternatively

1. Theusgerwatts easy accessto many wotking sutfaces.

2. Theremaynotbe encugh space to show them all together,

3. Eachsutface needs, or could atleast use, allthe space available.

4. Theuser canidentify them by name or icon, so that they canbe brought to the top whenneeded
S0 Bome wsers don't want to (or can't) manage the working sufaces' positions and sizes themselves.
Discussion

Mormally the content canbe organizedinto groupswith titles, butthere is stilltoo matyy to all fit on
otue work area.

This approach can workwell for information that doesn™ have a very rigid structure. [tis important
toprovide avety sitnple means by which a user canindicate wiathe label to bring the selected
sutface tothe top ofthe pie" such as a touch with a fingertip or a click with a pointer. If the stack
iz basieally static, don't dytiamically rearrange the relative positions of the labels, since the vaet then
hastorelearn the layout. Thelabelled " cards” stracture the content into easily- digestible chunks,
each of whichis now understandable at a glance. Also, tabs, the most comumon form of Card Stack,
ate vety familiar tousers.

Effective tab pages on dialogs seemto max out at around 10 to a stack, but no one seems tohave
trouble with, say, an address bookwith 26 tabs from A to 2. Why not? [sit a matter of knowing
exactly whatto expect whenyos get thete, or s it the entirely predictable organization ofthe lahels,
otis it just easierto deal with papertabs than virtual ones?

Youwill alsoneedto find an organizing principle for the wotking-swface labels, Ask yourselfhow
they telate to each other structurally are they a flat ordered set? - A hierarchy? - A network? - A
tahle?




Examples for Stackof Working Surfaces
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Organising properties of a graph in Excel Shapes pallet from
Microsoft Visio

(Baszed on Pattern 24 Btack of Working Butfaces’, Comemon Ground — Tidwell 1995
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10 - Hierarchical Set

Context

There ate tany thitugs to show the user, and they are itterrelatedin ahierarchy (or cat be made to
appearthat way), This could be part of a HIGH-DEMZITY INFORMATION display or as the
otgatizing principle within a CHOICE FROM A LARGE SET. It can alsobe usedwithin cells of
cotaplex tables whete the overall sttucture iz a TABULAR 3ET.

Problem
Howr showld the information that is inherently berarchical be displayed?
Solution
Foy simple Werarchicd data puf 1fin st fhenuse avn inderted owtlivg sfructure fo ilhasirafe the free
sfructure.
Enclosing contest
I_E_| Hemrchical set
|§|Leua| (M-2) list
=] Levd (H-13list
Lewel M list The depth of the hieardh
wil r's?ljsd the u‘ncle:r‘l}.rirg?f
= structre of the information
bieing displayed.
% 2irg displaye
e
g
Reference

it 15 essentialtohelp the user navigate their way through the pleces of information so use the
pattern POINTER ZHOW3 AFFORDANCE to indicate whete they are it the structure. Tougeta
kand of extras on-demand for free if youlet users” open and cloge parentnodes - if someone wants
to seethe children of a givennode, they cany, orthey candgnore it Where there is a level in the
hierarchy that needs to be displayed as moultiple columne vee TABULAR SET just within that level.
Forces
1. Theusershould see the stracture of the data.
2. Treelike structures are easy to understand.
3. The stracture needsto be gquickto traverse, when the vser knows where something iz inthe
hierarchy,
Discussion
A treelike structureis not the only way to display hierarchical information. One alternative to this
pattern to consider when deciding which organsingprincipal to use 15 Cascading Collections.
Eleep all the nodes at a given depth from the root it the same line, plane, o are, to emphasize theit
parallelism. Allow non-leafnodestobe opened and closed to give the user control over how much
of the hierarchy is wisible at atoy one time. Depending on expected usage, try to balanee the
demands of having a dense, fully-wisible structure with the ability to look at the details of individual
nodes
The statdard file explorer has brought the cohuntar " outline wiew" itto cotmon weage in desktop
U1, and every self-respecting toolkit has one; they're great for fitting a hierarchy into a natrow
space, butifrou don't have that space restriction, ity to use somethingmore visually interesting,
like at actual 2D drawntres. These are muach better at showing and mandpalating large hieratchies
than cutlines are, hecause you don't haveto stack everythingtogether in one column, andthen scrol
foreverto get abig picture. Doing themright canbe a non-trivial progrataning problem,
unfortunately.
Bewate of usitig trees if the relationships among the datarepresent a divected graph or network
itigtead, such agwith multiple inheritatice ina class diagram. It canbe dote, butit may not be
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helpfulto theuser-- they then see one thing in several places in the lderarchy, which may be very
cotfusitg, IFit's truly a netwotkthenuse a graphlike sthacture to accessthe data,
Examples for Hierarchical Set
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NI S
Directory system viewed using Windows Explorer
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Mozilla-Firefox bookmark manger The fonit used to diplay best n the conirol
Visual Studio property
sheet for a visual
component

(Bazed on Pattern 12 “Hierarchical Set’, Common CGround — Tidwell 1999
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11- Choice from a Small Set

Context

The artifact shows, or allows the userto select or set, a value whichis one out of a small set of
possible values or items where munber (M) is normally ten or fewer. This patternisusedto
orgatige information in maty patterns that display properties suchas INFORWMATION ON FORM
of CONTROLPANELS. It may also be found within a HIGH-DENSITY INFORMATION display.
[t cannbe usedwhere it is reasonable to display all optiotis 80 auser cat select an item from Lst like
organisation as found in COLLECTICON BEESIDE CONTENT and CASCADING COLLECTIONS
orin conjunction with CHOICE FROM ALARGE 3ET whenthe size of the set can vary.
Problem

How showld the artifact indicate the options fromwhich the user catimake a selection?

Solution

Show il fhe possible cholces wp front, show clear]y which chalce (5) have been mads, andindicate
unegquivocally whether one or several values can be chosen

Erclosing contet

[] amall et

{L\Jfo ten ifsms}
t

o select from amal set /{Llph:- ten i1a115}
toselect from
o]

alternatively

Reference

Good Defaults may let the weerlook at the default walue, judge it to be O, andmove onwithout
evetthotheringto select or set another walue. Eventhoughthesetis comparatively smallit is still
ithprottant to wee POINTER EHOWS AFFORDANCE sothe user knows whete they are bt if the
choices are pictotial, or ate cryptic in some other way, Shott Description may beneededto desctibe
the choices further.

Whete the individual pieces of information iz a set of individoal walues then consider using
TABULAR ZET to display them.

Forces

1. Theusget should see allthe possible values, to putthe actual wahae in context.
2. Iftheuserneedsto setthe walue (hot just look at if), they should know what choices are

available.
3. Bmall mambers of things can be taken stock of guickly, and don't take up much space.
Discussion

Thiz pattern iz often one of the patterns usedto present values of one ormore of the members
orgariged usingGroups of Related Things, When the options that need to be displayed getstoo
latge then Choice from aLarge Set shouldbe usedbut be aware that there are some larger sets
wherte the user expects to see all options displavedat once.

Provide a choice for "Other" or "None of the above," ifithat will everbe anissue -- don't prevent a
uzer from providing cotrectinformation, if thev're in a better position to know what's "correct” than
O ate.

With physical or electronic artifacts (1.e not paper), a single selection can be enforced by causing
the presious choice to "unselect" when the next choice is made. Old cat radios did thds, and GUI
radio boxes doit aswell A vserwill nommally discover andunderstand this very quickly.
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Examples for Choice firom a Small Set

Applcation
Corfiguration: | Active (Deebug) | Platform:  Acte (Ary SR »
Busild
Build Evert Start Action A
Debug @ [Start project |
- ) Start eghernal program:
& O Start browser with UBL:
Redwence Pate | Start Options
Sigrirg Command line arguments:;
Seourity Worling direchory: D
Publish [[] s renote pachine
Enabie Delugoers
[[] Enable ynmanaged code debugging
[[] Enable S0, Server debugging -

€ >

Set of radio buttons for selecting required Start Action for a Visual Studie Application

=
B L5 Pt T W [I——
_— B
Eayreimde | Dpeiete 11
i
a— ===
N (e
uptem e, | Ltwnin... |
s ren 8 ke e 8 b it T
O
Sinple list of Lists fiom EndMNote
5 =

Spinners used for selection the size of margins
for Acrobat settings

(Bazed on Pattern 34 ‘Choice from a 3mall Zet’, Common Ground — Tidwell 1903
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12 - Choice from a Large Set

Context

The attifact shows, ot allows the ugerto select of set, a value whichis one out of a large set of
possible values(notmally more than ten) where it iz eitherinappropriate ornot possible to display
all walues inthe list at once.

Thiz iz a ueefil pattern to consider when dealing with HIGH-DENSITY INFORMATICHN. It can
alsohe found within maty patterns that display properties such as INFORMATION ON FORR or
Control Panels.

Itmay alzobe used in conjunction with more complex list like organdsation as foundin
COLLECTION BEZIDE COWTENT andCASCADING COLLECTIONS.

Problem

Howr should the artifact indicate where tolook for the option that the gser may want to select?
Solution

Clearly show the selected value up fronf,; or gavize the sef of possible values, buf hide fhem nearby
50 when not the focus of affenfion they fale up Tess space.

Enlosing contest

[]ngesa

1
i
]
1
I
]
|
]
i
]
1
I

-

L

|8

Lage st

Reference

GO0OD DEFAULTS lets the user see the default walue, judge itto be OK, andmove on writhout
havingto set the vahae, Ifthe choices are pictotial, or ave cryptic in sotme other way, a SHORT
DESCRIPTION may beneededto describe the choices further as well as POINTER SHOWS
AFFORDANCE toindicate tothe user where they are it the list.

Thiz pattern canbeusedin comunction with the more complex lists patterns such as
HIEEARCHICAL ZET and TABULAR BET when the list information is not a set ofindividual
vales. [tisusefulto use this pattern in conjunction with CHOICE FEOM A SMALL SET when
the tumber of valuesinthe list can vary. In such a situation the display moves fromusing
CHOICE FROM & SMALL 3ET to CHOICE FROM ALARGE 3ET whenthe list nolongert fits
the available space and visaversa as the list shrinkes.

e o i

altetnatively

Forces

1. Theusershould on demandbe ableto see as many values as possible, to put a selected walue in
context.

2. Iftheuserneeds to set the walue (not just look at if), they shoald know what choices are
available,

3. Theuser shouldbe able tofind the walue they watt quickdy,

4. Latge touubers of things take alongtime toread and take uplots of space.

Discussion

Thiz patterniz used whenis not appropriate of practical to display all the values it the lst all the
tire. Tt isforlist structures where the user only needsto see some walues and then only when the
listis the focus of their attention.

Put the items in the list on a separate wotking surface, forinstance, orin a scrolled area or combo
hoxin a GUI ervvirorument, where they are only a single gesture away. Organize them in the way
most appropriate to how the user will be searching - alphabetically if looking for names,
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ranerically for a font size, most- often or most-recently used for a document to edit, ete. Allow a
uzetwho knows exactly what they want to directly entet the chioice, as by typing, rather than by
laboriousty searchingit out.

HAerolled combo boxes ate really only necessaty ifthe dropdown listis going to run offthe edge of
the sereer --it's easy to miss the choices beyond the visihle area, andit's awkwrard for many people
to drop down the list, thenmowe to the seroll bar (or buttons), then serollup, then doven, ete. Tt
takes the hadfeatures of sorolled lsts and makes them worse; first by making wou show the list and
then by shrinking the scrollbar,

Examples for Choice firom a Large Set

Freviaw Papet
SE\G -1 L
Sounca; Plain v

Aubomaticaly Select
- Manual Feed [Tray 1]
Ohrieri aticn Pririber Auto S ehect

@Fotat | 1)
Tray 3 [500-5hest]

() Landszcape | Bond
g Cadstock >164 gh2
Cplow

Cerdering Ernvelope
Labeels
[ Hotizortal |Letierhesd

. Prepainted
(] Yertical Frapunched
Recycled
Raugh
Transparency :l
Urispeciid

Ordered drop-down lst from Paint showing most commeon fivet.

- e

N e . P

Crnrer Y CRE

Ep—

An ordered scrolled hierarchical listhox and an
ordered scrollable drvop down list firom Visual
Studios Options dialog.
(Baszed ot Pattern 35 *Choice from a Large J3et’, Comunon Ground — Tidwell 1998
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13 - Tabular Set

Context

Thiz iz oftenuzed az patt of a High- density Information DISPLAY OF 3IMPLE PRESENTATION
OF & TABLE OF DATAFREPEESENTING PROFPERETIES displayed by INFORMATION ON
FORMI. Where there is overview information that matche s many items that can be displayedusing
atabalat format this table becomes part of the Master with Details pattern.

Where information within a table needs to be selectable then consider usingtbis pattern within a
CHOICE FROM A LARGE BET or CHOICE FROM A SMALL SET depending onthe amount of
data. Thiz patteth cah alzobe usedto display somme lewels within information that has primarily a
hierarchical stracture as aHIERARCHICAL SET.

Problem

Howr should soaltivariate information be orgamzed so the user can explore, reorder, customize,
search throughfor a single itetr, or sitmply understand onthe bass of the different variables?

Solution
ahow the dafainatable. imostfeases lef the wser sorfthe fable rows accordingfo the columm
values.
Tabular ==t
Tabular ot Emws
s [ Row
T
alternatively

Reference

Whetiitis not practical to provide features so that the columns can be manipalated (e.g. sortable, or
with changeable widths) use Pointer Shows Affordance to help the user see where they ate in that
table structure. With complex datathe first column may use hierarchical set. The content foundin
each of the cells of a tabular stracture may be dependent on the cottext using this pattern

Where the uzer can provide information as a changed walue for one or more items thenuse patterns
that help the uset provide the correct information. Tae such patterns as FORGIVING TEXT
ENTEY or ASK FOR INPUT andwhere possible always provide 300D DEFAULTS

Forces

1. Theusershould see the strachure of the data.

2. Theuserwantsto easzilylookup a specific piece of information.

3. Putting similar information into columns facilitates quick comparison of values.

4. It's easy, andintumitively obvious, to sort atable according to the datam the columns,
Discussion

Orderit accordingto some appropriate organizing principle, either by the walue of some column
especially if the table's principal useis to compare items by that value; or alphabetically by item
when the principalvge iz tolook up values. It is often enoughto gt some white space between
columns to set them apart, butnot too much; the user's eye should't have to worktoo hardto go
from one colun to anothet.

The columns themselves should be otgatdze d logically, Depending upon the data and the weet's
purpose, the columns may be organdzed with the most conmmonly needed data irare diately after the
item name, andin decteasing order of impottanee as youmowe from left to right. Altesnatively,
they may be organized into groups, with the group titles in a line above the column names.
Civing the user the ability to change the sorting order of atable has powerfial effects. First, it
facilitates exploration. A user cannowlearn things fromthe datathat he may neverhave seen
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otherwize -- How maty of this kind? What proportion of this to that? Is there only one ofthese?
What's first orlast? Buddenly finding specific items becomes easier, too, auserneed only
remember one atttibate ofthe item in gquestion(e. z. its last-edited date), sort onthat attribute, and
lookup the walue he remembers.

Furthernote, if the sort orderis retaited from one ittvocation of the softwrate to atiother, the user
fuowy can effectively customize the T for his preferredusage patterns. Some veers want the table
sotted firstto last; some last to first; and some by a variable no one else thinks 1sinteresting. It's
goodto give veets that kind of control.

Finally, the clickable-headeridiom has become familiar to matiy users now, and they may expect it.
Examples for Tabular Set

o Baxh i Top Forestry Equi pment
for psls
T pzp § NESZ500 Lk b Viewe Dimage
san § 23005800 Click s Viaw Image
e § PO
i |Sksdders, Traction Chains. Eefer Flant for sale wn §POA
Bush in Top Just Arrived - Mew
T »zo § 1000
vz § Parts

Catalogue of Equipment for sale at hitp:/mwwheavy-machinery.conz

[ ¥

The detailed file list view fiom Windows
Explorer
(Bazed on Pattern 13 “Tabular Set’, Common Cround — Tidwell 1909
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14 - Convenient Environment Actions

Context

The user can take an action that affects the existence or state ofthe whaole or selected artifact. This
pattersn is ubigquitons and can be veed with thaty patterts thet displayinformation in NARRATIVE
form, asHIGH DEM3ITY INFORMRATION. Often more than one set of COMYERIENT

ENVIRONMIENT ACTIONS cantbe requiredin different parts ofthe overall display. Dlultiple
instances are oftenrequired for completing INFORMATION ON FORL, CONTROL PANEL or

MASTERWITH DETAILS patterns. This patternis also required when actionsneedtobe carried
out ofthe selected contert displayed using COLLECTION BESIDE CONTENT.

Problem

Howr should the atifact present the standard actions the veet would expect?

Solution

Growup the widgefs for the acfions fe.g. butfors or mer items ) fogether, label them withwords or
Picfures whose meanings ave wamistaliable, and put fhan where the user can easily find them
regardiess of the current sfafe of the arfifact.

Comeriart Envirorerenial astione Corwenient Bnironmental actions fD;dm :g::g SSfIL
i 1 Halalniisiialspielsisiisisisielisl |
§ A pcton | 22 i I|fNeu.l ||fD'|ange||J'Dele1:e| |J'Dlos:e|!
altetnative | f==========m==m==mmmmemmmmmmemmmemmn
Reference
Both GoodDefaults and POINTER SHOWS AFFORDANCE are oftenusedwith this pattern.
Forces

1. Theuser should know exactly howto stop ot leave this artifact at any time.

2. Theuser should know what other actions ate available.

3. The user may alteady know what they have to do, tnd theyneed to find the corresponding action
4. Theuszermayneedto petform these in a horry, of under stress.

5. Doingthese actions accidentally may be disastrons.

Discussion

Use their design andlocation to make them impossible to confuse with anything else. Bet themup
g0 they are not easy to trip accidentally - hardwate devices catuse physical bartiers to do this, bt
software's more difficult. Confirmation dialogs are clumsy but somewhat effective; use them until
sotheone ivents something better, Ifa state change or a shot down mdght cavse a disaster, then at
least try to make the effects reversible Disable state-change actions whenewer they become
itrelevant ot impossible DISABLED IRRELEVANT THINGSE, butnevet dothisto controls that
close or quit the artifact.

Iz this whole pattern just a consequence of clumsy designin the first place? Bomething about the
"books and chatts" comment it the Context makes me think aboutthe necessity of explicit
Environment & ctions in software and electronics. Ifwe could designthese so well that they no
longer need explicit conunands for onfoff, save state, change mode, ete, therwe mdght get taly
dramatic gains in usability. [ don'tknowhowto dothis, of cowrse. IfT did, I would be off
designing thingathat way, not writitg this pattern,

Tconbuttons are oftenusedforthese, Aslongas familiar symbols are used, they workowell, usethe
stahdardsforthe artifaet's intended domain and culbare, ("Z" for guit, "?" forhelp, check-mark for
Ok, and0/1 for offfon are common ones)) Whenthe icons forthesze basic functions are
incomprehensible, orif youhide them i anuvnexpected place, the userhasto carty aheavier
themory burdet,
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Examples for Comvenient Exvivonment Actions

Chanpe Case

Find and Replace

B = frpincn | apheon i | [ e o

) ) Start, pause or resume, siop, go-to-start,
Standard actionbutions on a Microseft go-to-stop. on a multi-media comtrol

search dialog

2 Mozilla Firefox

I =1 5] clo Eit vew Heory b

Full Screen/Minimize/Close controls for ‘QL & &

awindow Back/Forward/Undo/Stop/Home

huttons on a Browser

(Based on Pattern 31 ‘Converndent Envvironment A ctions’, Comemon Ground — Tidwell 1995




Appendix A8: TUI — Teaching Ul Pattern Language

109

15 - Pointer Shows Affordance

Context

Patterns that tendtouse thiz alot are interactive ones whete the wzer iz selecting partelike in chodce
from a small set OR chodce from alarge set. This patternindicates whichitem in a displayis being
‘pointed at’ as the usermoves overthe display. [tisimportant to use this pattern with ary pattern
where the uset will be seatchityg a group of similarly constracted-ralues such as in hisratchical set
ot tabualar set.

Itiz also appropriate touse this pattern when information has been groupe d it some way such az
found in INFORMATION ON FOREM, CONTROL PANEL and 3TACE OF WOREING
SURFACES.

Thiz patterniz usedin conjunctionwith CONYENIENT ENVIRONMENT ACTIONS where the
useristryingto select an appropriate action to take.

Problem

How can an action that the user takes be shown using a visualrepresertation?
Solution

Change the affordmce of the fhing as the polvfer moves over if or inferacts withif,
Collection of selectable tems

I:m Item urder the
= pointer dentificdble
E becouse it &

g
chaged in some

Reference

& patternthat is ubigquitous formost userinterface s where the userinteracts using some form of

pointing device.

Forces

1. Btatic visual affordanices aren't always enoughto indicate the presence of a control that canbe
matiipnilated, especially when spaceis tight of whet at elegant-looking graphie designis of
patamount importance.

2. MIultiple affordances catbemore effective than one, if they wotk together propetly.

3. Ifthepointeris nearthe border of a controlthat can be manipalated, eepecially something with
aamall target ares the user showld get feedback that instantly tells them whether they're "in" ot
n Dut-."

Description

Donlormaty browght the tern " affordance” into the intetface designe's vocabndary with his classic

The Design of Bverpday Things. Init, he defines an affordance az "the perceived and actual

propetties ofthe thing, primarily those fundamental propetties that determine just how the thing

could possibly beused." Onalll this canbe done in one of two ways - by changing the pointerto a

small picture illastrating what canbe done, or by changing the thing itselfto make it stand out

isually.

If you E:rhange the pointer, use a small picture Mustrating what canbe done. Use a standardiconif

a1 appropriate one catbe found -- erosshairs for drawing, single arrowr for selection, I-beam for text

etitty, hatds, pencils, paititbiashes, resize atrowes, ete. - becawse they are 2o easily recoghized.

Eeepit small or mostly transparent, sothatthe user can easily see what'sunderit.

If wou chatge the thing iteelf, you have alot of freedom to experiment.  Any visual change may be

enoughtotell auserthat the objectis atleast clickable; but consider your audience when deciding

howy flashy or distracting the changeis. Tobe sure that vour designactually works, of coutse, you

should test it with potential users.

Be careful not to use this pattern gratuitously. Mowthat the tools to implement it are widely

available, lots of userintetfaces wae it as a substitute for static visual affordances. This isn't always
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wige, Think aboutthe pooruserlooking at a screenful ofborderlessicons, some of which are
buttons, some of which are moveable objects, and some of which don't do anything at alll
Forthose ofus stuck with non-tactile interfaces, such asmice, this pattern produces something like
a substitute tactile sense. & s wouninthe pointer over the interface, wou get visual responsesthat
cotrelate to phyrsical sensations - buanpiness (raized button edge d), heat (when something turhs
from a muted colourto abright colows), ete.

Examples for Pointer Shows Affordance

Date and Time Properties

Disbe b Tivee | Time Zone | Internet Time

1 2 3 4 5 & .
F 8 9 W1 1213

IS 16 17 18 19 20
s P B R
-] o xn

Curren ime roves: New Zesland Standard Time

Lo J[ comd J[ oo |

Day highlights as user moves mouse over it

% AnnabelNeallFish.jpg - Paint

Eile Edt yow |mage Colors Help

(ol

|
PN
LA
™ A

e fic]

=] "1 H v -

Arrow pointer indicating resizing of area G @

selected 29

‘%l:k Color
r A g

B

=

(=R}

Tool ‘popping out’ from tool har as
HOUSe-QVET” OCCULS

Cross hairs showing poesitioning of callout.
(Bazed ot Pattern 17 “Poitter Show Affordance’, Cotanon Groud — Tidwel 1993
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16 - Groups with Titles

Context

There's alot of cottent to show the user anditis pogeible to organdse the conterd into logieal
Sroupings.

This patternis usedto complete higher-level patterns inchading (but notlinate d to),
INFORMATION ON FORL OF Control Panel

Problem

How shouwld the items ot actions be orgatized so that they are easyto scan and easy to locate?
Solution

Growp the closelp-relafedifems togefer with aviswally sirong fife. Idenfify the growps by
separatingeach visually offenusing whife space.

References

Thiz patternis more like a general prineciple that vouwill apply whenit is appropriate. Ueeitto
group together related information that ocours inmany other patterns.
Forces

1. Large, undifferentiated masses of things can be intirddating and difficult to figure out,
especialy to someote seeits them for the first titme,

2. Thebrainis very good at discerning groups and nested groups of things, and at getting a"hig
picture" fromthe grouping stracture.

3. Theitems cannot or showldnot be shown on separate wotking swfaces, forinstance, hecause
thes are part of one coherent task.

4. People naturally assume semantic coherence where thete iz visual cohetence,

Discussion

Ifthe content is too large tofit on a single artefact thenconsider how the groupings can be organised into a

Stackof Working Swrfaces which iz an alternatsee way of grouping iterns and actions under a title. Ifa

gronp of iterns requires a set of associated actions such as SAVE, MEW etc. then this pattern is niot

appropriate nse soraething that better reflects the information such as INFORMATICN ON FORM or even

CONTROLPANEL.

Wher the user sees content sectioned neatly into chunks, theireve 15 guided along raore cordiortably. The

hurnanvisual systerm always looks forbigger patterns, whether they're deliberate ornot. So put themin

deliberatelsy! Crroup those iterns that arve more closely related toeach other than other things for exarnple by

organizing into theratic or task-based sections that will make sense to the nser.

Gove each section a nseful title. Well-defined and well-nareed sections strueture the content into easzily-

digeatible chunks, each of which iz now understandable at a glanee. Tt mabes the infonmation architecture

obrions . (Information architecture is bagically about rendering content in a way that cormumicates ita

sernantic stracture )

Tt iz preferable to keep the roaber of things n aty one group to avound ten or fewer, Thiz is a veryhasic

wray of managing corapledty, andis alraost more of'a principle thava pattern. The "ten or fewer” cornes

frora Miller's naraber (7+-2), which represents, aroong other things, the upper livat of sormeons's ability to

"Ingtantly" scanaset ofiterns. Beyond that, the time 1t takes to read through the iterns grows linearly. Uze

repetitionand syrenetyy to keep the groups frombecoring visually chaotie (and don't oeerise hoxes, even

the racely etched ones i sorme GUT toolkits; white space often works just as well). Dlake sure that the

gronping is not arbitrary, bat isbased on the mearning of what isbeing showr -- as pointed ot in the Forces,

anuzer will naturally try to derte some kind of semantic meaning from the groupings, even if'it's wrong,

To raake a visual gronping of things look good, it's terpting to short-change their indradual usabiity, Ty

not to make too many sacrifices here. Forinstance, a cornon mistake is to make a text box too short for the
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expected mput, siraply to rake itvisually fit in. &lso, there's no need tobe dogreatic about this pattern -
expert users for instance, may prefer that all the available actions are as densely packed as possible, to save
apace, and don’t recoire titles,

Sornetitees a large gronp of horogeneous iterns can work together to form a single conceptual entity. This
iz frue of a lot of data rich content -- data points o a scatter chart ora colurnm of nurabers representinga
single wariable. This pattern shouldn't applyto thern. See Edward Tufte's book Envisioning nformation, in
particular the chapter on "Swmall Ilaltiples," for anemeellent set of counterexaraples these larze sets of ttems
are ragant to shovwr staall changes between indnadnal iterns that share most characteristics, to make those
charges stand out. The itegpact cormes from sesing all those similay iteras nest to each other. In warer cases,
that irnpact wonld be cornpletely lost ifyouhbroke up those sets of tteras into staall groups!

When applying this patterr, get the inforraation architecture right -- split up the content into coherent chuanks,
and give thera short, meraorable nanes (ore or twowords, if possible). Mext, choose a presentation:

=  Fortitles, use a font that stands out from the rest of'the content --bold, wider, larger point size,
stronger colour, ete. (Fereraber that nothing's stronger than black, not even red.)

Try reversing the title against a strip of contrasting colonr, White on dark can make it look like a
Windowrs title bar.

Tze whitespaee to separate sections.

FPutting sections on differenthackground colours works well on Web pages and "flashy” interfaces,
though it's nrmsual on desktop Uls.

Boxes made from etched, bevelled, or ratsed hnes are farniliar ondesktop user interfaces. They can
get lost -- and just hecome visual noise -- if they're toobig, ortoo close toeach other, or deeply nested
It carbe done well whencorabined with the title.

Examples for Groups with Titles

bouun ol

Groups of items and tools for helping New Zealanders managing their money

From a Javadoc HTML page :

— Toolhox firom
Typical Options Dialogue from Microsoft Windows FireWorks MX

(Bazed on Pattern 11 “Bmall Groups of Belated Things®, Common Ground — Tidwell 1999
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17 - Forgiving text entry

Context

The user should enterinformation, as required by anumber of other patterns such as
INFOERMATION ON FORM, or TABULAR BET, tutthat information may be formattedin any
otie of several ways, The Ul asks for data that users might type with anunpredictable miv of white-
space, hyphens, abbreviations, or capitalizations. Often, the UT can accept input of warious kinds
from the user - different fortmate, of syntar. Butyouwant to keep the interface wisually sitvple.
Problem

How does the attifaet help the user supply walid formatte d information?

Solution

Allow the user fo enfer informafion imfoa feld using anp reasonable format or provide a quesiion
prompf that indicates possible opfions use search acfion fo locafe the required i value.

Forgiving test entry

-] Editable alement
Recognise all
reasonddl 2
formats
Reference

This can help simplify the UT tremendously, interms of how many brain cells a userhas touseto
figureit out. [t may evenremove the requirement to provide a Shott Description, though they're
often seen together. GoodDefaults may let the userlook atthe default value, judge it to be O, and
move onwithout even botheting to setthe value; a good default can also help suggest what kind of
itypat iz allowred. |

Forces

1. Physical and culbural constraitts on the allowable ingnat prevent utine ce ssary interpretation
errors from heing made.

2. Toomuch constraint can be annoying to the veet.

3. Theuser doesn'tneedthe cogritive burden of figuring out what specific formatis acceptable.

4. Uszers are diverse, and will likely have different cultural of personal preferences for formatting
various pieces of information (especially things like names, dates, and times).

5. Bothcomputers and nunans - depending onwho's intetpreting the entered information -- are
good at figuring mut what a given text entryrizintendedto be, ift it even vaguely resembles some
accepted format.

Discussion

Theuset just wants to get something done, not think about " correct” formats and complex Uls,

Computers are good at figuring out how to handle inpout of different types (up to a point, atyway).

It's apetfect match: let the uset type whatewer he needs, andifit's reasonable, make the software do

the right thing with it.

Youtdght consider STROCTURED FORTAT as an alternative, but that pattern wotks best when

the ingnat format is entively predictable Candvsually mameric, like telephone mumbers). Another

altetnative to consideris askfor gt WHICH CAN BE USED WHERE IT I3 POZSIBELE FOR

THE AFPLICATION TODETERMINE THE REQUIEED INFUT FROM THE VALUES THE

USER PROVIDES

The cateh(you knew there would be one): it turne a U design probleminto a programming

problem. You have to think about what kinds oftext a useris likely totypein Ilaybe you askfora

date ortite, and ondy the format waties - that's an easy case. Ormaybe vou askfor search tetms,
and the varation is inwhat the software does with the data. That's harder. Canthe software
disambiziate one case from another? How?
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Each application uses this pattern differently Just make sure that the software's responise to vatious
ity fortrats matches what weers expectit to do. Test, test, andtest again withrealusers.

Divide it into multiple fields with different relative sizes, for instance, or superimpose afaint visual
design onit (ke dividers of decimal points). Be careful notto constrict the ingnat so much that it
makes things too complicated, or sothat it no longer fits the possible input valuesthat usersmay
needto giveit! Do usertesting asneededto judge whether ornot it's too annoying,

Examples for Forgiving iext eniry
® Untitled - Appointment =13
EgaveandClosa & @ 3 Recumence... | ! 2
Eile Edit View |[nsert Format Took Actions Help
Apportment | Scheduing |
Subject: |
Location: | | [ Thisis an online mesting using:
*xa-t time;  [Next Th v | [z50pm. v | [ Aldayevent
End time: | Thu 240512007 = | [zoopm. ~|

A3 W Reminder: [iSmnkes v | | showtime as: [ busy ~]

Entering the date and time into an Outlook Appointment

Find the Weather for any City, State
' or ZIP Code, or Airport Code or
Country

wuanderground.com
PDA/Mobile

From htip:/Asvrunderground.c om
(Baszed on Pattern 38 “Forgiving Text Entry’, Cotunon Grovd — Tidwell 19903

1w
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18 - Ask for Input

Context

Any [MFORMATICON ON FORM that recuites the user to provide itngoat coldveze thispattern as
can TABULAR SET. Use this where the userneeds a shott reminder of what is required and a
reasonable default cannot be provided.

Problem

Howr does the artifact indicate what kind of information should be supplied?

Solution

Fre-fill afield or edifable space with a prompf thet fells fhe user whet fo do or fype.

Pk for nput

| Editable dement
sk Tell A5haw
user what &
requirad
Reference

This pattern should only be used when the prompting label cannot carry the same information or an
illustrative default cannotbe used.

Forces

1. Theusgermayhave noidea of as towhat datato entet,

2. Theusermay not know the type of format that s recuired.

3. Walgesfor a field may beitnposaible for the application to determite,

4. Theusermay not have access to explanatory dooanentation,

Discussion

Use this pattern where you can’t provide a good default VALUE -- pethaps there is no reasonable
default. This patternis an alternative to using a Bhort Description AND IS TSEFUL N &
SITUATION WHERE THE FROMPTING INFORMATION CAN BE DISFLAYED WITHIN
THE TEZT EMNTRY SFACE. It helpsmake the Ul selftexplanatory without the userhaving to
explicitly “look’ for that information by moving the selecting device. ASK FOR INPUT is a sneaksy
wray of supplying help information for controls whose purpose or format say not be inene diately
clear.

With at Inpot Hint, sotmeone quickly scanningthe UT can easily ignore the hint (o tdss it entirelsy).
Hometithes this is wour desired outeome. But an Ingoat Prosupt sits right where the userwill type, so
it cat't be ignored. The advantage here is that the user doesn't have to guesswhether she hasto deal
with thiz control ornot-- the controlitzelftells her she does. (Femember that users don't fill out
forms for fun - they'll do aslittle asneededto findshup and get out ofthere) A question oran
trprerative "Fill me nl" 18 bkely to be noticed.

Aninteresting side effect ofthis patternis that usersmay not evenbotherto read the label that
prefizes the text fleld. Often aninput prompt includes the words on the prompting label which then
hecomes alimost supetfluous, interms of the form's meaning. Because the uset's eye will be drawn
first to the white text fields, thoze prompts will probably be read before the labels anywray! That
said, don't retmove the labels -- that promptis gone forever once the usertypes overdt, and on
subsequentreaditngs of the form, they may notremember what the control asks for otiginally,
When choosingan appropriate prompt string, consider beginning with one ofthese words:

= Foradropdownlist, use Select, Choose ot Fick.

= Foratext fleld, use Trpe or Enfer.

Another goodpractice is to end the prompt with a noun deseribing what the inputis, such as
"Choose astate" "Type vourmessagehere" or "Enterthe patient's name "

Hince the point of the exercize was totell the ueer what they were requited to do before proceeding,
don'tletthe operation proceed until they've doneit! & slong asthe promptis still sitting untouched
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it the control disable the button(or other device) that lets the wser findsh this part of the operation.
That way, wouwot't have to throwr an etror message at the user,

Examples for Aslk for Input

*eity name (&g, Bosten), or yirpors sode

from |Where from?

o |Nhereto7‘

The yuestions guide the user, From hitp:/forhitz com

mwm!

Clhick to add title

=TT

i [P AT Sl
- — s

Lahelling the tah tab widget
Creating a new PowerPoint presentation the € @ ¢

user just clicks on area and types to add a
new Title

when creating a Ul model using
Visio

(Baszed ot Pattern 72 “Toput Prompt”, Designing Intetfaces — Tidwell 2006)
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19 - Good Defaults

Context

Use it patterns that recuire the veer to provide input ke INFORIATION ON FORM, CONTROL
PANEL or TABULAR 3ET. Theuserhasto fill in information or change the setting of a status
watiable, atd the data fields canbe giventeasonable default values. This can alzo happet within
matiy other patternis such as- Chodce from a Small Set, Chodee from a Large Set, cotvendent
Envirorumental A ctions, Forgiving Text Entry, ete.

Problem

How does the artifact reduce the amount of datathe userhas to provide?

Solution

Rafher fhat leffinga user enfer informafion info a blavk and featureless fextfield wherever
appropriars pre-fill fields with reasovedble defaulf values, preferable from defermining wuser needs.

Good defaults

] Detauttvalue
Frefill with
commorly
used vaue
Reference

Tust about every patternwhere the eet has to type in some walue could use this pattern butit can
alsobe used where the useris selecting anitemfrom a collection or even viewing a larger collection
—for exattple, having amap display N2 rather than TTEA when the email address has the suffix

ne’.
Forces

1. Filling out forms ie not inherently a fun activity, don't prolong the agotoy by making the user do
uie ce ssaty wotk.

2. Theuser mayhave no clue asto what kind of value to supply, from the given context.

3. Theusermaybe petfectly happy with the default behawiour or values, with no desire to change
it; bt they may want to know what the default values are.

4. "Correct" walues for some unfilled fields may be difficult or impossible for the artifact itzelf to
figure out.

. Iftheuser sees an example of what iz expected of them, they don't have to be uncertain about
what they'te entering into the text field.

Discussion

Your Ul asks the user any questions requiring forme-like ingnat (such as text fields or radio buttons),

atd wouwant toreduce the amount ofwork that wsers haveto do. Pethaps mostuserswill answer

ity a cettaity way, of the veer has alteady provided enoagh cortextual information for the UT tomake

an accurate guess. Fortechnical or semi-relevant questions, maybe he can't be expectedto know or

cate about the anewer, and "whatever the system decides" is okay.

But supplying defaults is not always wize when answersmight be sensitive or politically charged,

such as passwords, gender, of citizenship. Making assumptionslike that, or pre-filling fields with

datayou shoudbe careful with, catimake veers uncotfortable or angty, (And forthe lowe of all

thatis goodin the world, don'tleave "Please sendme advertising email" checkboxes checked by

defaulth

By providing reasonable default answers to questions, you save theuserswotk, It's really that

sitiple. ¥ou spare the userthe effort ofthinking about, ortyping, the answer. Filling in forms is

never fury, bt if this pattern halve s the timme it takes hitn towork throughit, he'll be gratefil.

Ewvenif the default isn't what the user wants, at least you offered an example of what kind of answer

iz agkedfor. That alone can save hith a few seconds ofthought -- o, worse, at error thessage.

Sometithes youmay tuninto anunintended consequence of Good Defaulte. If a user can skip overa

field, that questionmay not "register” mentally with him. He may forget that it was asked, he may
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fuot understand the inplications of the questioty, or of the defalt walue, The act of typing an answer,
selecting avalue, or clicking abutton forces the userto addressthe issue consciously, and that can
beitmportant if wouwant the waer tolearn the application effectively.

Pre-fill the text fields, comboboxes, and other controls with reasonable default values. You could
do this when you show the page to the user for the firsttime, or wou could use the information the
et supplies early inthe application to dynamically set later values, (Forinstance, if someote
supplies aUnited States ZIF code, vou caninfer the state, country, and sometimes the city ortown
frotn just that ramber)

Diow't choose a default walue just because you think wou shoddn't leave any blank contrals. Do so
only when vou'te reas onably sure that most users, most of the time, won't change it -- otherwise,
wouwill create extra work for everybody, Know vourusers!

Cecasional-use interfaceslike software installers deserve a special note. You should askusers for
sothe techideal information, like the location of the install in caze theywant to customdze it. But 90
percent ofusers provably wor't. Andthey won't care where wouinstallit, either - it's justnot
impottant to them. Zoit's perfectly reasonable to supply a default location.

TeffTohtizon discussesthis ismue at length in Web Bloopers: 60 Common Web Design Mistakes and
How To Avoid Them (M organ Kaufiman). He provides some hilatious examples of poor default
wahies.

Exanples for Good Defaulis

IProjecty Ol Resoaares My Prolile.
-
-

Werdy that the fslioming pettings sre perssnalioed for rey
Frofije:
[Vepwst Shusden Davaingr

[(Defsum Sattrge]

e Shuc Detestt

Py r—

Shom Heip: & 3

AR SLaip [Eteem S1aet Page

A profile dialogue for personal setting preferences as in Visual Studio

B Hew X

Mew size: 1.6 MB
[ Mamntsin aspect sk
Pl 320
Wickh: B2 peesls
Hewht S03| pheeks
Hesolution: we s L
Print size
Wickh 2107 5| certmeteis W
Husight: 1568 2| centrmetens

Creating a new picture in Paint.NET
(Based on Pattern 47 ‘Good Defaults’, Comunon Ground — Tidwell 1999
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Appendix A9: Detail of Recommended
Methods from TUIPL

The Teaching oriented Ul design guided by a Pattern L anguage framework (TUIPL) for
the Ul detailed design stage is composed of five key processes, two conceptual models,
a domain-specific pattern language with lo-fidelity and hi-fidelity prototypes as shown
in Figure A9.1 below.

TUI
(Teaching LI
Pattern Language)

Customising Project Specific
patterns Ul Patterns

Ul-pattern
modelling

Ul-Pattern Lot Hi-fii

UlLayout & | .
Madel protatyping Mavigation ;—Mﬂw—‘-- ey U]
Diagrams |
L
maodelling TUIC model ¢

Ulreguirements
Specification
with Use Casemodels

Figure A9.1 - The pattern-guided Ul detailed design framework
Ul -pattern modelling takes the information defined in the Ul requirements and uses this
information to select relevant patterns from TUI. These patterns are then used to
create the model by selecting relevant links between the patterns and structuring
the graph hierarchically.

TUIC modelling brings together canonical abstract prototypes (Constantine 2003a) and
navigation diagrams (Constantine 1998) to create TUIC model diagrams
illustrating the solutions of patterns making the Ul-pattern model. These
diagrams are then used to guide the development of the TUIC model for the Ul.

Customising patter ns takes the information from the Ul patterns used in the Ul-pattern
model and modifies them to refer explicitly to the context and the new Ul being
modelled. This could include using relevant examples and modifying the TUIC

model diagramsto use naming relevant to the Ul rather than generalisations.

Lo-fi prototyping produces the Ul layout and navigation diagrams, guided by the
project-specific Ul patterns. The lo-fi prototype is created by restructuring the
TUIC Moddl.

Hi-fi prototyping trandates the lo-fi prototype into the final user interface.

The two methods trialled in this research are the Ul-pattern modelling and TUIC
modelling. Two types of method weretrialled. Thefirst introductory versions were
used to introduce the students to the methods and to Ul patterns. The second were used

for developing the same type of model for anew Ul from requirements.
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The introductory methods are based on modelling an existing Ul. The versions here
have been modified to reflect the experience gained from this research. It is suggested
that ateacher wishing to use the teaching material may want to update the methods used

in the teaching materials to these versions.

The second method types are more flexible than the introductory versions and are
recommended for guiding the devel opment of a new Ul after students have gained

experience with the simplified versions.

A9.1 Simplified Ul-pattern Modelling (existing Ul)

The modified but still simplified method designed to introduce students to both the Ul-
pattern models and using Ul patterns. It is expected that students will modify the
method by introducing intermediate representations (e.g. draft, marking the Ul,

mani pulating the Ul-patternsinto a hierarchy, marking list of pattern names).

il
-

0 -link pattern E- zelect -
A - pattern a-u C-zelect o . | F-reviewy
farmiliatization examination overall pattern inta the pe:d pattern f.r':'m 7| Ul-pattern-maocel
Ul-pattern model reference list

Step A. Become familiar with the subset of Ul patterns.

Step B. Examine the user interface.

Step C. Select a pattern from the first three patterns in the subset (1, 2 or 3)
that best describes the overall nature of the type of data or
information the user interface (Ul) deals with.

Step D. Link each selected pattern into the Ul-pattern model by connecting it
with lines showing how it relates to other patterns. When
appropriate add a label to the line to match the interaction spaces
identified on the UI.

Step E. From the list of patterns that a pattern references, select those that
best describe some other feature of the Ul. Repeat Steps D and E
until no more patterns can be selected.

Step F. Use the context and reference sections of your patterns to check for
missing links or patterns.

Figure A9.2- Method for creating a Ul-pattern model for an existing Ul
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A9.2 Simplified TUIC Modelling (existing Ul)

The modified but still simplified method to introduce students to using selected Ul
patterns to guide the development of a TUIC model.

5
A—exemplar B- TUIC C-create O—add TUIC
Ul-pattern model el symbol - e avverall g cletailed from next # F-Reviesy TUIC model
familiarisation farmiliarization interaction space patternin exemplar

Step A. Find the subset of Ul patterns used in the Ul-pattern model and
become familiar with how they describe the example Ul.

Step B. Become familiar with the TUIC components.

Step C. Starting with the top pattern, examine the solution and the TUIC
model diagram for an overview of the model you are to create.
Draw an outline space and label it.

Step D. Work down the Ul-pattern model using each pattern’s TUIC model
diagram to guide your modelling. Use generic CAP symbols and
names when necessary.

Step E. Use lower level patterns to add details and navigation components.
Refine the model by using specific CAP symbols and domain-
specific labels.

Step F. Review TUIC model and update labels to reflect Ul domain

Figure A9.3- Method for creatinga TUIC model for an existing Ul
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A9.3 Ul-pattern Modelling (new Ul)

A flexible Ul-pattern modelling method for creating a model for a new UI.

A - pattern familianisation

.

B —examine Ul requirements

.

C — identify spaces & actions

l

P —
il

-
%

D - select patterns E —use context F_ use reference G- build-up
describing T-ormore ||| Yststo find linkingly || sy 1o fing pattemns —-# Ul-pattern-model
recognised interaction pattems building that describe details from selected pattemns
space towards the root

Step A.
Step B.
Step C.
Step D.

Step E.

Step F.

Step G.

Become familiar with the Ul patterns.

Examine the Ul requirements documentation.

Identify actions and interaction spaces then group related interaction
spaces and any associated actions.

Select patterns that seem to best describe one or more of the
interactions spaces.

Check each pattern’s Context section and select a pattern from the
list that gives the best overall description. This description may
include patterns already selected. A pattern may be mentioned in
the context section of one or more of the selected patterns. Use the
context section to find common patterns until one of these higher
level patterns can be identified as the root (1, 2 or 3) of the Ul-
pattern model

Check each pattern’s Reference section to identify patterns that best
describe the details and additional features required for the user
interface.

Using selected patterns, create a diagram consisting of patterns
connected with lines to indicate how they are linked into a structure.
Use the context and reference sections of patterns to check for
missing links or patterns.

Figure A9.4- The Ul -pattern model building method

L J
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A9.4 TUIC Modelling (new Ul)

A flexible TUIC modelling method for creating a model for a new UI.

A—=TUIZ symbol set familiarization

&

I — i —

Y

B—i:ﬂr:?;;li:;nerall G aod TUIG detailed D_s:fenftl:uancl:: in?maric E- review
space matching i:ﬁlr? I;?tx;rﬁagen?el ¢ > specific ones renaming * TUIC moadel
root Ul-pattern R toreflect application

Step A. Become familiar with the TUIC symbol set.

Step B. Starting with the top or root pattern of the Ul-pattern model, examine
the solution and the TUIC model diagram to get an overview of the
TUIC model to be created. Draw the main interaction space and
label it.

Step C. Work down through the patterns using the diagram to guide the
development of the TUIC model. Add CAP & navigation symbols to
define details. In the initial stages use the generic components.

Step D. As the modelling progresses, replace the generic components with
specific ones where they make the intent of the design clearer.
Rename interaction spaces and components to reflect the
application’s domain. Active material components should be used
to replace equivalent material and tool components. Comments that
clarify patterns used should be added.

Step E. Review the model. This review may remove unnecessary layers of
nested containers, group and reorder related symbols, and rename
symbols. Comments can be added to make types of interactions
and requirements clearer. Consider adding content details too.

Figure A9.5- The pattern informed TUIC M odelling method
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Appendix A10: Observation Criteria

A10.1 Observation criteria — researcher

Verbal references to patterns by
Name
Pattern Id
Example
Diagram
Reference
Context
Other
References to parts of patterns either
Verbally
Physical — e.g. pointing
Observed physical searching for a pattern by shuffling through the patterns in the collection.
Manipulating patterns into some logical order.
References to parts of the Ul illustration as possibly being described by a pattern.
Verbal
Physical - pointing
Comments about the process being used
Requests for help
Other

A10.2 Observation Items in the images

Artefacts that are visible

Ul

Instructions

Exercise Sheet

Original collection (still in paper clip)
Pattern list

Patterns on list marked

Pile of patterns

Selected patterns laid out overlapping
Selected patterns laid out as graph
Draft graph

Partial graph

Completed pattern graph
Artefacts held or pointed at
Focus on a pattern

Placing pattern onto pile

Pointing to component on Ul
Pointing to pattern name on list
Pointing to the reference section
Pointing to illustration

Pointing to the forces section
Pointing to the solution section
Pointing to the context section
Pointing to the discussion section
Pointing to instructions
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Appendix All: The Patterns Questionnaire

Al11.1 Instructions

Please tick the column that indicates your response to each statement.

Agree
Undecided
Disagree

Ul — User Interface

All.2 Statements

Common to Studies One, Two and Three

The information presented in these Ul patterns is quite clear.

These Ul patterns are helpful when modelling user interfaces.

Usually | found it straight forward to find which pattern to select next.

| enjoyed using these patterns to build a Ul pattern model of the user
interface.

It was not difficult to find suitable patterns to model the user interface.

Most of the time | could locate the information | needed in these patterns.
The content described in these patterns is very informative.

0|lt is relatively easy to move from one pattern to the next one when selecting
patterns to describe a user interface.

11|l felt in command of these patterns when | used them to create the Ul-pattern
model.

1311 would not like to use these Ul-patterns when | design a new user interface.
14 |Creating the Ul-pattern model could be performed in a straight forward
manner using these Ul patterns.

16 |There is sufficient information in each pattern.

18|The Ul patterns are easy to understand.

20|The patterns selected to model the user interface described it quite well.
21|The organisation of the information in each of these patterns seems quite
logical

22 |Learning how to use these patterns was difficult.

23|There are too many steps required to create the Ul pattern model.

24|The set of patterns provided was not adequate for modelling the Ul in the
exercise.

25|lt is easy to remember the information in these Ul patterns.

28 |Creating the Ul-pattern model was not easy

30|The patterns help me focus my thoughts about building the Ul-pattern model.

AWIN|F

PN | O
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Common to Studies One and Two

9

There is never enough information in a single pattern.

12

These Ul patterns are difficult to understand.

15

Using these Ul-patterns helped me discuss Ul concepts with my partner

17

| repeatedly referred back to the same patterns.

27

The patterns were not helpful when discussing the modelling exercise with
my partner.

Additional Statement Used in Study One

8

Working with these patterns is mentally stimulating.

19

Using the Ul-patterns made me feel more confident about my knowledge of
User Interface design.

26

It is easy to forget what information is recorded in these patterns.

29

| had to seek assistance to understand how to use these patterns.

Additional Statements Used in Studies Two and Three

8

The diagram helped me identify the essential parts of a pattern’s solution.

19

| found the pattern names confusing.

26

The pattern names indicated each pattern’s intent.

29

The examples helped me understand the information in these Ul patterns.

31

I can understand and act on the information provided in these patterns.

32

| could not understand the diagram illustrating the solution.

Additional Statements Used in Study Three

9

The patterns helped me focus when building the TUIC model.

12

Creating the TIUC model using CAP and navigation symbols was relatively
easy.

15

The method for creating an TUIC model has too many steps.

17

| enjoyed using these patterns when building the TUIC model.

27

Building the TUIC model could be performed in a straight forward manner

using the Ul patterns.
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All.3 Statement Groups

A subset of the statements has been classified into one of six topics. These topics

correspond to objectives for the questionnaire.

Ul-pattern Model Building

S-14 Straight forward method

S-23 Number of steps OK

S-28 Method easy to follow
Discussion aids

S-15 Aid Ul-concepts discussion

S-27 Aid modelling exercise discussion

Pattern Language Structure

S-03 Straight forward to select pattern
S-05 Finding suitable patterns OK
S-10 Easy to find next pattern
S-17 Referring back to patterns

Information in Ul patterns

S-01 Clear information

S-07 Patterns informative

S-09 Sufficient information

S-18 Patterns easy to understand
S-21 Logical organisation

S-25 Content easy to remember
S-27 | Understand and act on information

lllustrations
S-08 Diagram helpful
S-29 Examples helpful
S-32 Diagram understandable
Patterns names
S-19 Pattern names clear

S-26 Pattern names indicate intent
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Appendix Al2: Exit Questionnaire
Each of the questions was placed on the form with sufficient space between so the
participant could write their answers.

Glossary

Ul (User interface) is any interface a user may use to access information or activities using an
electronic device including web based systems or sites.

Al12.1 Section A - Common to Studies One and Two:
Background Information

Circle age range: under 20 / between 20 to 30/ over 30 Circlegender: M / F
1 Which Degree Program (e.g. BA, BSc, BE, DipInfSci) are you currently enrolled in?

2 Pleasegive details of any additional activities including work experience involving
user interfaces that may be relevant to your knowledge of user interface

devel opment:
3 How proficient do you consider yourself in designing user interfaces?

4  Did you know anything about canonical abstract prototypes before doing this
tutorial? - Y/N

If yes, please indicate what you knew and how proficient you think you werein

using this method for creating conceptua Ul models.

Al12.2 Section A -for Study Three: Background
Information

1 Name

2 Approximately how many years since you first began designing user interfaces
3 Briefly describe the Ul development approaches you currently use or have used:
4  List any other Ul design approaches you are familiar with

5 Please outline any other experiences or information that may be relevant (e.g. Ul

devel opment tools):
6 How proficient do you consider yourself in designing user interfaces?
7 Do you have any knowledge of canonical abstract prototypes? - Y/N

If yes, what is your experience in using them?
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8 How proficient do you consider you are in creating abstract prototypes?

Al12.3 Section B - Common to Studies One, Two and
Three: The Patterns

The different parts of a pattern are:

Identifier - Name
Context

Problem

Forces

Solution
Diagram
Reference
Discussion
Examples

1 Which part or parts of the patterns were the most useful ?

Why?
2 Which part or parts of the patterns were the least useful ?
Why?

4  Please add any other comments you may have about using the Ul patterns when
creating the Ul-pattern model ?

Alternatives for Question 3: The Patterns

Study One
3 Pleaseindicate which of the pattern presentations you preferred:

illustrated / not illustrated (narrative only)
Why?

Studies Two and Three
The pattern form included the diagram in the solutions section which was added to the

list of the parts of a pattern.

3 Pleaseindicate whether the diagram helped you identify the essential parts of the
solution. — Y/N

Why?

Additional Question Study Three
4b Please add any other comments you may have about using the Ul patterns when

creating the TUIC models?
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Al2.4 Section C - Common to Studies One, Two and
Three: Creating a Ul-pattern model
Listed below are the steps we suggested you use to create the Ul-pattern model.

[The steps varied depending on the study as the method was
modified based on findings from the previous study. Details can
be found in the appropriate section of the thesis]

1 Arethereany stepsthat you consider need to be modified? - Y/N
If yes, what would you modify?
Step M odification
Why?

2 Arethere additional steps or activities that you consider should be included in the
method? - Y/N

If yes, what do you think was missing?
Step Missing activity
Why?

4  Please add any other comments you may have about creating a Ul-pattern model ?

Alternatives for Question 3: Creating a Ul-pattern model

Studies One and Two
3 Indicate how you rate creating a Ul-pattern model of an existing user interface for

devel oping your understanding of the Ul patterns:

1 2 3 4 5
unhelpful not very helpful helpful very helpful extremely helpful
Why?
Study Three

3 Indicate how you rate developing a Ul-pattern model as part of the process when
developing a new user interface:

1

2

3

4

5

unhelpful

not very helpful

helpful

very helpful

extremely helpful

Why?
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Al12.5 Section D - Common to Studies Two and Three:

Creating a TUIC model

Listed below are the steps we suggested you use to create the TUIC model.

(The steps varied depending on the study as the method was
modified based on findings from the previous study. Details can
be found in the appropriate section of the thesis]

Arethere any steps that you consider need to be modified? - Y/N
If yes, what would you modify?

Step Modification

Why?

Arethere additional steps or activitiesthat you consider should be included in the
method? - Y/N

If yes, what do you think was missing?
Step Missing activity
Why?

In the second exercise you were asked to create a Ul-conceptual model of the user
interface using TUIC modelling. Indicate how useful the patterns were in helping
you learn how to do this?

1 2 3 4 5

unhelpful not very helpful helpful very helpful extremely helpful

Why?

4 Please add any other comments you may have about creating a conceptual Ul

model ?

Al12.6 Section E - Common to Studies Two and Three:

Communication aid

Indicate what impact the patterns had on how you communicated with your partner

as you completed the modelling exercises?

1

2

3

4

5

unhelpful

not very helpful

helpful

very helpful

extremely helpful

Why?
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Al12.7 Section F - for Study Three: Communication and
Design

The user interface patterns provide a common language that professionals and non-
professionals alike should be able to understand thereby providing a common language.
In particular they should aid users when discussing Ul concepts and ideas. Using
patterns as part of a user-centered interface design process where users are integrated
into the design team should improve communication between team members when

designing an interface.

1. Indicate what you consider the impact of using patterns might have on the quality

of communication between the professional and non-professionals on a Ul design

team?
1 2 3 4 5
unhelpful not very helpful helpful very helpful extremely helpful
Why?

2. Indicate what impact developing a Ul-pattern model might have in improving the

quality of communication between members of a Ul design team?

1 2 3 4 5
unhelpful not very helpful helpful very helpful extremely helpful
Why?

3. Please add any other comments you may have about the impact of using patterns or

Ul-pattern modelling could have on communication:

4. Please add any other comments you may have about the impact of using patterns or
Ul-pattern modelling could have in assisting non-professional users work within a
Ul design team:

A12.8 Section G - for Study Three: Communication
and Collaboration
Abstract prototyping uses CAP symbolsis used by Ul professionals with clients when

designing new user interfaces after completing task modelling. TUIC models combine
CAP symbols and navigation symbols. Ul-pattern modelling can be used as a bridge
between atask model and TUIC modelling. It should help a user-centered design team

in their discussion and creation of Ul conceptua models.
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1. Indicate what you consider the impact of using patterns might have on the quality
of communication between members of a design team while collaborating on the
development of a TUIC mode!:

1 2 3 4 5
unhelpful not very helpful helpful very helpful extremely helpful
Why?
2. Pleaseindicate your opinion of the usefulness or otherwise of TUIC modelling as a
suitable Ul conceptual modelling technique:
1 2 3 4 5
unhelpful not very helpful helpful very helpful extremely helpful
Why?
3. Please add any other comments you may have about the impact of using patterns or

TUIC models could have in assisting non-professional users work within a Ul

design team:
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Appendix A13: TUIC Test
Page 1

Using Ul Patterns to Guide the Development of Conceptual User Interface Models

THE TUIC COMPONENTS QUESTIONS

Canotdcal AbstractPrototype - CAP

1. Examine thefollowing background element from Word's ‘Borders and Shading dialogue’s Shading
tab.
Circle the active material that hest represents it.
]

Fl

T
I
1o o

Gray-20%

ENENNENN
ENFFEE NS
BTN
WET T T NN

M & 00

2. There are three types of CAP symbols —tools, materials and active materials. Active materials can be
tepresented using a combination of tools and materials providing a short hand component for comimon
elements found on userintetfaces. Examine the following genetic example which uses justtools and
materials CAP symbols.

Circle the active material that hest represents this generic example.

Fotive material EI
F
Y 5|

B

3. Whenprovidingnames on CAFP symbols that are part of a conceptualmodel for aninterface for a
specific apphication those names should be relevant to the application andthe Ul element they are
modelling rather than generalised as usedin the diagrams representingthe pattern solutions. Examine
the followitiz sereen dunp andthe TT conceptualmodel that represents it

On the line next to each symhbol name the component on the CAP model to indicate the UI element
itrepresents.

Fila last zaved: Mot Avadable mage atributes
Sizeondiek: Mot Avalshle

Aesolution 127 %127 dots per mch Cancel E —l |E —|
o (8] e Cp—

I

Olrches OCn @ Poeks I|j = = ;

Codors i

() Black and whits (@) Cobors i| I | | 7 |




138

Page 2

witydomr,

[ Fovewion | # 5 ||
1

Forma type list

[—] selected item
—
i |

i,

change the order of the columns.

rows and the columns.

Tabular set

[E]rows
] raw

s

&

4. Below are three generic CAP symbols and a screen dump of PowerPoint’s font format dialog,

Draw a line from each CAP symbol to one Ul element in the dialog window ithest represents.

Font PIX
Laktin bext Font: Fonkt style: Size: : I
(= | [Reguar 18
Asian bext fogks - Cancel
Bold 20
| =1 |Ikalic 24
Bokd Ttalic Z8
2~
Effects Color:
I™ Underline [ Supecscript I - |
I~ Shadow offset: [0 %
[ Emboss [ Subscript F

TheCAP symbol usedto display the TABULAR SET patternis replicated belowr, It represents a
table where the user can only change the order of the rows. Many applications allow the user toalso

Tabular set

Cirecle the CAP symbol that hest represents a table where the usercan change the order ofhoth the

Tabular s=t Tabular zet
rous
Er\:-l.us
=1 row

Eﬂow

|
] o |
hrs
W
Rearange

= Reamange
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Appendix Al4: Subset of TUIC Components
Subset of CAP Symbols?

TOOLS
Symbol| Interactive Function Examples
/7 generic action/operation
P select Object selector, Group member picker
» modify Change shipping address, Edit client details
MATERIALS
Symbol| Interactive Element Examples
] generic container Any interaction context or space
] element Student ID, Product thumbnail image
=] collection Personal address, Electrical components
1] notification Email delivery failure notice, Controller status
ACTIVE MATERIALS

Interactive Function with
Symbol Examples

Element

7 generic active material
E selectable collection Performance choices, Font selection
Vad editable element Patient name, Next appointment date
7 editable collection Patient details, Test object properties

Comments in curly brackets used to clarify behaviour characteristics.

_______ ' Dashed lines used to distinguish related groups of components — can be a

panel or a page.
N

N7 o "
V" Triple chevron to indicate that there could be zero to many repetitions of a
component.

Subset of Navigation Symbols*

Types of transition for moving between interaction spaces.
TRANSITION TYPES

Symbol Transition
\ Transition between context triggered by an action
\ Transition with implied return

Action label : indi i i
[C tona e] Label in square brackets used to indicate action that triggered the
transition

2 Reference: Constantine and Lockwood, Ltd
http://www.foruse.com/articles



http://www.foruse.com/articles�
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Appendix A15: Marking and Grading the Models

A15.1 Ul-pattern Models

The models were marked by counting the number of appropriate patterns selected, the
number of inappropriate patterns and the number of missed patterns. Because there are

appropriate alternatives for the models ratios were used for comparisons.

Appropriate patterns = count of appropriate patterns /
(count of appropriate patterns + count of inappropriate patterns)

A similarly ratio for links was calculated. Thiswas based on the patterns the student
has selected so that they weren’t doubly penalized.

Appropriate links = count of appropriate links /
(count of appropriate links + count of inappropriate links)

The second metric was cal culated using the count of missed patterns or links.

Potential patterns = count of appropriate patterns /
(count of appropriate patterns + count of missed patterns)

Potential links = count of appropriate links /
(count of appropriate links + count of missed links)

A15.2 TUIC Models

The models were marked by counting the number of appropriate TUIC components
selected, the number of inappropriate CAP components and the number of missed TUIC
components. Because there are appropriate alternatives for the models ratios were used

for comparisons.

Appropriate TUIC components = count of appropriate TUIC components /
(count of appropriate TUIC components + count of
inappropriate TUIC components)

Potential TUIC components = count of appropriate TUIC components /

(count of appropriate TUIC components + count of missed TUIC
components)

The percentage of correct labels used a count of the domain-specific labels and the
generic labels.

Appropriate labels =  count of domain-specific labels /
(count of domain-specific labels + count of generic labels)

Correct nesting was asimpleratio as all aternatives identified required the same level

of nesting for a given model.

Correct nesting = nesting count / constant for the model
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A15.3 Grading System for Models

The Grading system used is:
Passing grade is 50%.
Of the students who pass:

. No more than fifty percent of students should gain a C grade score, ranging from
50% — 60%.

. No more than twenty percent of students should gain an A grade, ranging from
75% to 100%

o For a B grade marks range from 60% to 75%
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Al16.1 Ul-pattern Model Data

Partitioned by Pattern Form

Appropriate
patterns Potential patterns | Appropriate links Potential links Overall
illustrated|narrativelillustrated|narrative|illustrated|narrativefillustrated|narrativefillustrated|narrative
0.71 0.43 0.44 0.33 0.19 0.13 0.21 0.07 0.39 0.24
0.71 0.43 0.44 0.33 0.19 0.13 0.21 0.07 0.39 0.24
0.77 0.64 0.45 0.44 0.50 0.42 0.21 0.21 0.48 0.43
0.77 0.64 0.45 0.45 0.50 0.42 0.21 0.21 0.48 0.43
0.80 0.67 0.56 0.45 0.50 0.50 0.29 0.43 0.54 0.51
0.80 0.78 0.56 0.56 0.50 0.50 0.29 0.43 0.54 0.57
1.00 0.78 0.56 0.64 0.57 0.60 0.29 0.43 0.60 0.61
1.00 0.83 0.56 0.64 0.57 0.60 0.29 0.43 0.60 0.62
1.00 0.86 0.64 0.67 0.60 0.64 0.36 0.50 0.65 0.67
1.00 0.86 0.64 0.67 0.60 0.75 0.36 0.57 0.65 0.71
1.00 1.00 0.73 0.73 0.71 0.75 0.43 0.71 0.72 0.80
1.00 1.00 0.73 0.73 0.71 0.80 0.43 0.71 0.72 0.81
1.00 1.00 0.91 0.78 0.75 0.83 0.43 0.71 0.77 0.83
1.00 1.00 0.91 0.78 0.75 0.83 0.43 0.71 0.77 0.83
min| 0.71 0.43 0.44 0.33 0.19 0.13 0.21 0.07 0.39 0.24
max| 1.00 1.00 0.91 0.78 0.75 0.83 0.43 0.71 0.77 0.83
average| 0.90 0.78 0.61 0.59 0.55 0.56 0.32 0.44 0.59 0.59
std| 0.12 0.20 0.16 0.16 0.18 0.23 0.09 0.23 0.13 0.20
pT<t 0.07 0.66 0.83 0.06 1.00
Partitioned by Exercise
A%g;?(frrr:gte Potential patterns Appllirr(:lggate Potential links Overall
ex1l ex2 exl ex2 ex1l ex2 ex1l ex2 ex1l ex2
0.43 0.77 0.33 0.45 0.42 0.13 0.29 0.07 0.37 0.36
0.43 0.77 0.33 0.45 0.42 0.13 0.29 0.07 0.37 0.36
0.64 0.78 0.44 0.45 0.50 0.19 0.43 0.21 0.50 0.41
0.64 0.78 0.44 0.45 0.50 0.19 0.43 0.21 0.50 0.41
0.67 1.00 0.44 0.64 0.50 0.57 0.43 0.21 0.51 0.61
0.71 1.00 0.56 0.64 0.50 0.57 0.43 0.21 0.55 0.61
0.71 1.00 0.56 0.64 0.50 0.60 0.43 0.21 0.55 0.61
0.80 1.00 0.56 0.64 0.50 0.60 0.43 0.21 0.57 0.61
0.80 1.00 0.56 0.73 0.60 0.60 0.43 0.29 0.60 0.65
0.83 1.00 0.56 0.73 0.75 0.64 0.57 0.29 0.68 0.66
0.86 1.00 0.67 0.73 0.75 0.71 0.71 0.36 0.75 0.70
0.86 1.00 0.67 0.73 0.80 0.71 0.71 0.36 0.76 0.70
1.00 1.00 0.78 0.91 0.83 0.75 0.71 0.43 0.83 0.77
1.00 1.00 0.78 0.91 0.83 0.75 0.71 0.50 0.83 0.79
min 0.43 0.77 0.33 0.45 0.42 0.13 0.29 0.07 0.37 0.36
max 1.00 1.00 0.78 0.91 0.83 0.75 0.71 0.50 0.83 0.79
average 0.74 0.94 0.55 0.65 0.60 0.51 0.50 0.26 0.60 0.59
std 0.18 0.11 0.14 0.15 0.16 0.24 0.16 0.12 0.15 0.15
p T<t 0.002 0.081 0.249 0.000 0.881
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Al6.2 Timing

To Complete Exercises

Exercise 1 Exercise 2 | Average

lllustrated 28 24 26

Narrative 32 23 28

Average 30 24
To Complete Ul-pattern Models

Exercise 1 Exercise 2 | Average

lllustrated 25 24 24

Narrative 32 23 28

Average 28 23
A16.3 Patterns Questionnaire
Correlation Table

1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A

1B | 0.386
2A | 0.300 | 0.222
2B [ 0.291[0.227[0.381
3A [ 0.068 [-0.084| 0.080 [ 0.092
3B | 0.225[-0.025/ 0.117 ] 0.251 [ 0.275
4A |-0.113|-0.203| 0.052 | 0.235| 0.447 | 0.361
4B | 0.062 | 0.038 | 0.138 | 0.159 | 0.347 | 0.304 | 0.547
5A | 0.007 |-0.081| 0.208 | 0.224 | 0.289 | 0.332 | 0.470 | 0.411
5B | 0.200[0.150 | 0.040[0.318[0.270|0-238[0.329|0.337[0.186
6A | 0.101[-0.050] 0.351][0.337 [ 0.225[0.197 [ 0.348 | 0.405[ 0.319 [ 0.412
6B | 0.179 [-0.006] 0.000 [ 0.267 [ 0.166 | 0.291 [ 0.232 | 0.284 [ 0.331 | 0.414 [ 0.398
7A | 0.130|-0.024| 0.318 | 0.386 | 0.159| 0.165|0.302 | 0.295 | 0.105 | 0.335| 0.321 | 0.459
7B | 0.063 [-0.088| 0.144 | 0.206 | 0.349 | 0.216 | 0.540 | 0.466 | 0.214 | 0.272 | 0.304 | 0.256 |0.257|




Patterns Questionnaire

Num

S-01
S-02
S-03
S-04
S-05
S-06
S-07
S-08
S-09
S-10
S-11
S-13
S-14
S-15
S-17
S-18
S-19
S-20
S-21
S-22
S-23
S-24
S-25
S-27
S-28
S-30
S-01
S-02

Topic

Clear information

Patterns helpful

Straight forward to select pattern
Enjoyed building Ul pattern model
Finding suitable patterns OK
Find required knowledge
Patterns informative

Patterns mentally stimulating
Sufficient information

Easy to find next pattern
Command of patterns

Liked to use patterns designing Ul
Straight forward method

Aid Ul-concepts discussion
Referring back to patterns
Patterns easy to understand
Confident about Ul knowledge
Patterns described Ul well
Logical organisation

Patterns easy to use

Number of steps OK

Enough patterns to model Ul
Content easy to remember

Aid modelling discussion
Method easy to follow

Patterns aid focus

Clear information

Patterns helpful

Raw Data
1A 1B 2A 2B
Exercise 1

1 1 1 1
0 1 1 1
-1 -1 -1 -1
0 0 0 0
-1 101
101

1 1 1

-1 -1 -1 0
1 1 1

1 -1 O

0o -1 -1 0
1 -1 0 1
1 0 0 O
-1 -1 1 1
-1 0 1 1
0 1 0 0
101 -1 -1
0O 0 O

1 1
11 -1 0
0 1 0
101 0 0
o 1 -1 1
0O 0 0 1
1 1 0 O
0O -1 O 0
1 1 1 1
0 1 1 1

3A 3B 4A 4B 5A 5B 6A 6B 7A 7B

lllustrated Patterns

o o|1 1 1
-1 1 1 1
-1 1)1 -1 1

o 1|1 1 1

o o|1 1 o
-1 171 0 -1

1 0|1 1 1

1 -1}(1 1 O

o 1|1 1 1

0o 1|1 0 1

1 171 1 1

0o 1|1 0 1

o o|1 1 1

1 1 0 1
-1 -1]1 1 1
0 1 1 1

1 1 0 1

1 1 1 1

1 0j1 0 O
o 1|1 1 1
o 1|1 0 1

1 11 1 1
o 1|1 1 -1

1 01 0 1
o o1 1 1

1 o1 1 1
0o o1 1 1
-1 0|1 1 1

Exercise 2
1 1
1 1
0o -1
-1 0
0 -1
0 -1
1
1 0
1 0
1 -1
0 O
0 O
1 1
1 1
0 0
1 1
1 1
0o 1
1 1
1 0
0 0
1 -1
1 1
1 1
1 0
1 1
1 1
1 1
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5B 6A
Exercise 1
0o 1
1 1
-10-1
-1 0
0 -1
11
0 O
1 1
0
0o -1
-1 0
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1 0
1 1
0 1
1 1
1 1
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Patterns Questionnaire Summary Data

Num Topic Total | agree | undecided |disagree
S-01 Clear information 17 | 64% 32% 4%
S-02 Patterns helpful 18 | 68% 29% 4%
S-03 Straight forward to select pattern | -18 | 7% 21% 71%
S-04 Enjoyed building Ul pattern model| 4 | 29% 57% 14%
S-05 Finding patterns OK -11 | 14% 32% 54%
S-06 Find required knowledge -15 | 4% 39% 57%
S-07 Patterns informative 18 | 64% 36% 0%
S-08 Patterns mentally stimulating 6 | 46% 29% 25%
S-09 Sufficient information 20 | 71% 29% 0%
S-10 Easy to find next pattern 29% 50% 21%
S-11 Command of patterns 29% 46% 25%
S-13 Liked to use patterns designing Ul 39% 32% 29%
S-14 Straight forward method 12 | 54% 36% 11%
S-15 Aid Ul-concepts discussion 17 | 68% 25% 7%
S-17 Referring back to patterns 9 | 50% 32% 18%
S-18 Patterns easy to understand 10 | 46% 43% 11%
S-19 Confident about Ul knowledge 4 | 43% 29% 29%
S-20 Patterns described Ul well 9 | 43% 46% 11%
S-21 Logical organisation 12 | 57% 29% 14%
S-22 Patterns easy to use 2 | 36% 36% 29%
S-23 Number of steps OK 0 |[18% 64% 18%
S-24 Enough patterns to model Ul 50% 32% 18%
S-25 Content easy to remember 32% 46% 21%
S-27 Aid modelling discussion 18 | 64% 36% 0%
S-28 Method easy to follow 3 | 29% 54% 18%
S-30 Patterns aid focus 14 | 57% 36% 7%

147
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Al1l6.4 Exit Questionnaire — Closed Questions

UI-PATTERN | DESIGN

PROFICENCY COMMUNICATION AID METHOD AID
Experienced 1 Very helpful 2 6 2
Reasonable 3 Reasa)gﬁgm 2 4
AverageooKr 6 Helpful 4 6 6
Not very 2 Not very helpful 2 0 1
Low 2 Unhelpful 0 0 1
min 0 0 1
max 6 6 6
median 2 2 2

mean 2.80 2.80 2.80

Std 2.28 3.03 2.17

skew 0.40 0.32 0.91

kurtosis -0.18 -3.08 -0.74
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Appendix Al17: Study One — Ul-pattern
Modelling Case Studies

Three pairs of students used the illustrated pattern form first and are identified as cases
1, 2 and 3. Four pairs of students used the narrative pattern form first and are identified
ascases 4, 5, 6 and 7. Demographic data for studentsin each case is not provided

because the sample size is so small that individuals may be identifiable from such a

description.
E
A - pattern B - Ul C - select D - select F - create
familiarisation > examination — overall pattern Phext pattemn f_rom "| Ul-pattern-model
reference list

A. Become familiar with the subset of Ul patterns.

B. Examine the illustration of the user interface for the exercise.

C. Select a pattern from the first three patterns in the subset (1, 2 or 3) that best

describes the overall nature of the type of data or information that the Ul
deals with.

D. From the list of patterns that this pattern references, select those that best
describe some other feature of the user interface you have been asked to
model.

E. Continue in a similar manner selecting more patterns from the list of patterns
referred to at the end of each pattern you select; select patterns that best
describe each feature of the user interface until you can'’t select any more

F. Using the patterns you have selected create a diagram showing those
patterns and connecting them with lines to indicate how they are linked into a
Ul-pattern model.

Figure A17.1 — The Ul-pattern modelling method used for Study One
The data for each case is described using the same pattern . First thereis adescription

of the artefacts the students are using at the time the image is taken accompanied by an
interpretation of what they are appeared to be doing. Then the students use of the
illustrated pattern set is compared with their use of the narrative pattern language. The
discussion concludes with an interpretation of the method the students appear to have
followed and this is compared with the given Ul-pattern modelling method. Figure
A17.1 shows the method with the detail s for each step.

Each of the seven casesis described in turn. For each case, exercise one is described

first followed by exercise two.
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Al7.1 Case 1 - lllustrated patterns First

5 mins 10 mins 15 mins 18 mins 22 mins 24 mins

Pattern list Ul Ul Ul partly hidden |Instruction
a Pile of patterns |Instructions Instructions Ul partly hidden
I|-I_J Instructions Original Pile of patterns |Selected Selected =
< |Exercise Sheet collection Original patterns laid out |patterns laid out 2
,‘E Pile of patterns Focus on a collection overlapping overlapping @0
g Pointing to pattern within Researcher Partial graph ,_%
= [llustration collection pointing to
- reference

section

5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23m

Pattern list Pattern list Pattern list Ul Ul Ul
> Ul Ul Pile of patterns |Exercise Sheet [Pattern list
Z (Instructions Exercise Sheet |Exercise Sheet |Pointing to the |Pile of patterns [Pile of patterns
8 Exercise Sheet |Pile of patterns |Pile of patterns [solution section (Selected Selected 3
> (Original Pointing to the patterns laid out [patterns laid out <
'<7: collection reference as graph as graph s
o [Pile of patterns [section Partial graph L
& |Pointing to
Z [component on

Ul

Table A17.1- Comparison of observationsfor Case 1
The description of the items being pointed, to which may indicate which sections of the
patterns the students have found most useful, will be left to the concluding discussion.
When working with the illustrated patterns, after the first five minutes the students have
laid out the artefacts listed in Table A17.1. Itisnot clear how long the students spent
examining the sets of patternsif at all before they moved focus to the exercise Ul. They
worked for fifteen minutes examining the Ul and selecting patterns, apparently
matching the initial illustration at the beginning of each patterns to Ul components to
guide their selection process. Eighteen minutes into the exercise this pair requested an
explanation about how to link the patterns they had selected. Within four minutes of
obtaining help they have selected patterns spread out on the work surface and are
drawing their Ul-pattern-model diagrams.

When working with the narrative patterns it appears that the students are initially
following a similar method to that used for the illustrated patterns, although more
pointing behaviour was captured in the images. By fifteen minutes the students appear
to be organising their selected patterns and laying them out as a hierarchy representing
the Ul-pattern-model. They then draw the model on their exercise worksheets.

Comparing behaviour working on the two exercises the students appear to initially focus
on the Ul because it isin adominant position after five minutes. In both exercisesthe
students identified a pattern that describes one of the more prominent Ul components
rather than using the proposed top-down approach. Examining the names of the
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selected patterns in each image indicates that the Ul components were an important
guide at the early stages.

When working with the illustrative set it is not
until they have exhausted their selections that
they try to find the links between the selected
patterns. Pointing behaviour when working

with the narrative patterns shows that they -
used link information in the context and ‘

reference sections earlier. FlgureA172 - BUIIdIng a pattern
hierarchy

When working with the narrative patterns, they constructed the Ul-pattern-model by
mani pulating the physical patterns, laying them out in a hierarchy before they began
drawing on their exercise worksheets as shown in Figure A17.2. The other obvious
difference between how they worked on the two exercises is that the examination of

pattern content appears to have been postponed when working with theillustrated

patterns.
< <
< <
AUl B - pattern ] C —select N} D - select R F — Lay patterns G - draw
examination| | familiarisation g patterns patternson i outas > Ul-pattern-model
recognised on Ul reference or context lis| Ul-pattern-model

Figure A17.3 - Apparent method used by pair 1
The method the students appear to have used for the second exercise is shown in Figure
A17.3. They appeared to reverse thefirst two steps (A and B) of the proposed method
and examined the Ul before becoming familiar with the patterns. Then rather than use a
top-down approach they have selected patterns that matched Ul components that they
recognised on the exercise Ul, step C. Using this set of patterns they then appear to
have then used the context and reference sections to select more patterns. They are seen
reviewing the patterns as they lay the patterns out in a hierarchical structure, steps E and
F. Finally they make a copy of their model on the exercise sheet.
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Al7.2 Case 2 - lllustrated patterns First

5 mins 10 mins 14 mins 18 mins 21 mins 25 mins 28 mins 30m
Pattern List Selected Instructions | Ul Pattern list | Pattern list | Ul
Original patterns ul Pattern list | Exercise Original Pattern list
collection laid out Selected Selected worksheet | collection Pile of
a Focus on a over- patterns patterns Selected Selected patterns
E pattern lapping laid out laid out patterns patterns Selected -
< within over- over- laid out laid out patterns 2
E collection lapping lapping overlapping | over- laid out Kz}
g Pointing to Rough Rough lapping over- ,_%
— the graph graph Completed | lapping
—| reference Partial rough Partial
section graph graph graph
Partial
graph
5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23 mins
NI ul ul ul ul ul
= Pile of Pile of Instructions | Pile of Selected of | Instructions
Z| -
O patterns patterns Pile of patterns patterns Selected
ujl Instructions patterns Pointing to | laid out patterns §
E Focus on a Pointing to | the over- laid out Kzl
< pattern the Ul reference lapping over- ,_%
% Pointing to section Partial lapping
<Zi forces graph Partial
section graph

Table A17.2- Comparison of observationsfor Case 2

Thelists of artefacts identified in the images taken throughout the exercises aswell as

the students' point of focus are shown in Table A17.2. This student pair appears to start

by studying the collection of illustrated patterns. They are first seen studying the high

level pattern ‘ State Information’ and one student is pointing to the reference section.

They do not appear to

consider the Ul until

fourteen minutes into the

exercise and by eighteen

minutes, as can be seenin

Figure A17.4, both

students are working on a

rough copy of the Ul-

pattern-model recording

just the pattern id

numbers.

&

model

Figure A17.4 - Working on rough copies of the Ul -pattern-

They have completed the rough copies by twenty-one minutes. Then they appear to

spend most of the last ten minutes reviewing their selected patterns and copying the

rough copy onto the exercise sheet.
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When working with the narrative patterns in the first image the students appear to be
comparing the content of two patterns then at eight minutes the Ul is clearly visible
beside the patterns they have selected. They are drawing the Ul-pattern model graph by
eighteen minutes and one student appears to moving the patterns, once recorded, from

the central pile across to the | eft.

The most obvious difference when comparing work with the two pattern sets is the time.
This pair took longer to complete the first exercise. However if the students had worked
directly on the exercise sheet during the first exercise, as they did for the second
exercise, and not spent so much time reviewing their work, they may have completed
the two exercisesin asimilar time frame. All the same, the students appear to have
spent relatively significant time in both exercises considering pattern content and also
discussing the patterns they have selected. In both exercisesthey clearly reviewed the
patterns they had selected as they drew the final Ul-pattern-model.

<&
<€

D - select E - create
Pnext pattern from »{ Ul-pattern-model |
reference list draft

A - pattern B-UI C - select
familiarisation examination overall pattern

F - review Ly G - draw
pattern selection Ul-pattern-model

Figure A17.5 - Apparent method used by Case 2
The students appear to have followed the suggested top-down approach with both
pattern sets and this supposition is supported by notes showing that they asked for
clarification about which patterns they should select the first pattern from. They
followed the proposed method for the first four steps, and as Figure A17.5 shows they
inserted two additional steps. They completed arough copy Ul-pattern-model, step E
then reviewed their work, step F, and finally redrew the model on the workshest, step G.
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Al17.3 Case 3 - lllustrated patterns First

6 mins 10 mins 14 mins 18 mins 22 mins 25 mins 28 mins 31
mins
Instructions Pattern list | Ul Pattern list | Pattern list | Pattern list | Ul
Original ul Pile of ul covered covered Selected
collection Instructions | patterns Selected Ul Ul patterns
Pointing to Original Selected patterns Selected Selected laid out
a instructions collection | patterns laid out patterns patterns overlapping
= Pile of laid out overlapping | laid out laid out Completed o
§ patterns overlapping overlapping | overlapping | pattern %
'J, Pointing to Partial Completed | graph i=
2 component graph graph Pointing to H
= on Ul the
Pointing to reference
context section (on
section two
patterns)
5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23 mins
Pattern list | Ul ul Pattern list | Selected Pattern list
> ul Pile of Selected ul patterns Ul
2l Original patterns patterns Selected laid out Instructions
O |collection |Exercise laid out patterns overlapping | Partial
Ui | Pointingto | Sheet overlapping | laid out Partial graph S
S s ; . <
£ the f_orces Pomtl_ng_ to Instruptlons over_lapplng grqph_ Selected g
< [section description | Exercise Partial Pointing to | patterns iT
8:: section Sheet graph discussion | laid out
<ZE Pointing to | section overlapping
reference
section

Table A17.3 - Comparison of observationsfor Case 3
The lists of artefacts identified in the series of images for this pair of student are shown
in Table A17.3. After thefirst five minutes the original collections of illustrated
patterns are still fixed in order by the paper clip and both students are studying the
instructions. These students then spend over fifteen minutes examining the patterns and
the Ul.

At twenty-five minutes the students have
completed the graphs, as handed in and
appear to move onto areview phase which
can be seen in Figure A 17.6 where they
have two patterns side by side. They then

spent six minutes reviewing their work.

Figure A 17.6 - Comparing patterns

When working with the narrative patterns the images of these students capture alot of
pointing behaviour and it is clear that much discussion of pattern content was occurring.
For example, an image that shows one student holding the pattern and pointing to the

reference section. At eighteen minutes the students have started drawing a graph and
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thisisthe only image in which the Ul is not visible. They finish the exercise within
twenty-three minutes.

The time taken to complete the exercise is the most obvious difference when working
with the two types of pattern. They spent significantly more time reviewing their Ul-

pattern-models during the first exercise.

<
«

D - select
ext pattern from
reference list

A - pattern L p B-UI L » C - select

q E - create L » F - review
familiarisation examination overall pattern

"| Ul-pattern-model pattern selection

A 4

Figure A17.7 - Apparent method used by Case 3
The students appear to have followed the top-down approach recommended in the

proposed method but added areview step at the end as shown in Figure A17.7.
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Al7.4 Case 4 — Narrative patterns First

6 mins 11 mins 15 mins 18 mins 22 mins 25 mins 28 mins 31 mins 33
mins
Original Pattern list |Pattern list |UI Ul ] ] Patterns on
collection Ul Ul Selected |Pattern list [Pattern list |Selected |[list marked
Exercise Instructions |Pile of patterns Selected |Selected |patterns Ul
Sheet Selected |patterns laid out patterns patterns laid out Instructions
patterns Exercise |overlapping [laid out laid out overlapping [Selected
> laid out worksheet |Rough overlapping joverlapping [Rough patterns E
2' overlapping |[Pointing to |graph Rough Rough graph laid out @0
o Exercise  [the problem graph graph Pointing to |overlapping ,_%
'-'>J Sheet section the forces |Partial
= Pointing to section graph
é component Pointing to
o on Ul component
§ on Ul
5 mins 8 mins 12 mins [15mins (18 mins |21 mins 24 mins
Ul Pattern list |Patterns on |Patterns on |Patterns on |Patterns on
Original ] list marked [list marked [list marked [list marked
collection |Pile of Ul Ul partly  |Pile of Pile of
List patterns  |Pile of hidden patterns patterns
Pointing to patterns Pile of Rough Rough e
component Pointing to |patterns graph graph 2
A jon Ul component [Rough Pointing to 2
E on Ul graph pattern [
= Pointing to name on
5 pattern list
D name on
d list

Table A17.4 - Comparison of observationsfor Case 4
Thelists of artefactsidentified in the images taken throughout the exercises aswell as
the students' pointing behaviour arelisted in Table A17.4. This pair when working with
the narrative patterns, start by becoming familiar with them and don’t appear to
focussing on the Ul until about eleven minutes have elapsed. They have begun arough
copy of the graph by fifteen minutes. Next the students are observed studying two
patterns that are recorded on their rough graph and it is assumed that they are trying to
determine how the patterns are connected but on the next image the rough graph has
many edges drawn on it with alarge cross though it. Notes show that at this point the
students requested help in how to link patterns. They are finished by thirty-three

minutes.
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When working with the illustrated patterns the
students appear to predominantly focus on the Ul and
theillustrations. They also used the technique of
recording patterns as selected or rejected on the pattern
list. They had successfully used this approach with the
narrative patterns. At fifteen minutes the students have

marked patterns on the list as selected or rejected and
Figure Al17.8 - Working are creating a rough copy of Ul-pattern-model to the
directly on pattern list _ o

left of thelist as shown in Figure A17.8.

By twenty-one minutes it appears that the students are reviewing their choices and have

finished within twenty-four minutes

These students took nine minutes longer to complete the first exercise. During that
exercise they appear to have had difficulty completing the exercise until they sought
help. At that point they changed their approach to trying to link the patterns and began
using the pattern list as a guide to choices. They then used this approach again using
different forms of marking on the list as they developed the Ul-pattern-model. They
seem to rely on the illustrations during the second exercise rather than pattern content.

&
€

C - select D- select or reject F - add selected G - review
A- m B-UI > o E —record . -
famil?a?it:;eation examination pverall pattern v patterns on i on pattern list pattern P| patter selection Ul 2tte?:ivnv10del
record on list reference list to draft model & consider alterntives P

v

Figure A17.9 - Apparent method used by Case 4
Figure A17.9 shows the modification these students have made to the proposed method.
Steps A and B follow the proposed method but step C has been extended to include
marking the selected pattern on the pattern list. Steps D and E work together as the
students make decisions for and against patterns they are marked on the pattern list
including adding comments. Once patterns are selected they are added to the draft Ul-
pattern-model. Next at step G, the patterns used for the draft model are reviewed and

alternatives considered. Finally agood copy of the model is drawn.
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Al7.5 Case 5 - Narrative patterns First

5 mins 11 mins 15 mins 19 mins 22 mins 25
mins
> |Ul ul ul ul ul
2' Instructions Instructions Pattern list Pattern list Patterns on list
o Exercise sheet Exercise sheet Exercise sheet Instructions marked
g Selected patterns Selected patterns | Pile of patterns Pile of patterns Pile of patterns
= laid out laid out Pointing to Partial graph Partial graph -
§ overlapping overlapping component on Ul o
g Partial graph Pointing to the g
> reference section iT
6 mins 9 mins 13 mins 16 mins 19 mins 22 mins
Ul partly hidden Pattern list ul ul ul
Instructions ul Pile of patterns Instructions Instructions
Selected patterns | Instructions Partial graph Pile of patterns Pattern list
a laid out Selected patterns Partial graph Pile of patterns
~ | overlapping laid out Partial graph
é Partial graph overlapping Completed graph |
5 Partial graph o
2 Pointing to g
| component on Ul iT

Table A17.5 - Comparison of observationsfor Case5

Table A17.5 details the lists of artefacts identified in the images taken throughout the

exercises aswell as the students’ pointing behaviour. The students appear to have made

afalse start with creating the Ul-pattern-model and then spent the next fourteen minutes

of this exercise studying the narrative patterns. They begin drawing arough Ul-pattern-

model at nineteen minutes but have the pattern list central on their work surface. The

rough graph clearly shows links between the selected patterns that are referred to in the

context section of their selected patterns. The students are working on the final copies

of their Ul-pattern-models at twenty-two minutes and have completed them within

twenty-five minutes. Interestingly, the fina graphs they are seen working on are not the

same as the rough copy. There may have been areview process but there is no other

evidence that this took place.

The students wasted no time getting started using the illustrated patterns. By five

minutes they have selected the top level * State Information’ pattern as the root of a

rough graph and by nine minutes thereisalist of pattern numbers beside that rough

graph which now contains nine patterns. By nineteen minutes both students have their
own copies of the Ul-pattern-model and one student has completed. The other is
finished by 22 minutes.

The main difference in the students' use of the two types of pattern seemsto bein the
speed with which they started creating a rough copy Ul-pattern-model when working
with the illustrated patterns.
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Although thereis not clear evidence thereis
the suggestion within the images that in both ' ]
cases one student marked the selected

patterns off on the patternslist as the

patterns are selected. When working with
theillustrated patterns the other student
created the list by recoding the patternid’s Figure A17.10 — Rough copy beside list
alongside the rough copy as shown in Figure of selected patterns

A17.10.

A

A - pattern B-Ul C - select | | D-—record E - select . F - add selected E —review G - create
PO My .. [PInext pattern using | patterns -
familiarisation examination overall pattern| on pattern list N pattern selection| Ul-pattern-model
reference list to model

Figure A17.11 - Apparent method used by Case 5
The images showing the development of the rough copies indicate that in both exercises
they have mostly followed the proposed top-down method with one variation. As can
be seenin Figure A17.11 they have inserted step D where they record the patterns they
select on the pattern list as well as keeping them in a separate pile.
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Al7.6 Case 6 — Narrative patterns First

6 mins 11 mins 15 mins 19 mins 23 mins 25 mins 29 mins 31 mins 33
Ul Ul Ul Ul Ul Ul Ul Ul
Instructions [Pattern list Pattern list [Pattern list |Pattern list |Patterns on [Partial Patterns on
Pile of Pile of Selected |Selected |Instructions [list marked |graph list marked
patterns patterns patterns laidjpatterns laid|Selected  |Instructions [Selected  [Selected
> |[Exercise  |Partial out out patterns laid|Selected  |patterns laid|patterns laid
= |Sheet graph overlapping |overlapping |out patterns laidjout as out as
O [Pointing to Partial Pointing to |overlapping |out graph graph
E the solution graph the Partial overlapping Partial
= [section Pointing to |reference [graph Partial graph -
§ the section Pointing to |graph o
g reference the solution 2
> section section iT
6 mins 10 mins 13 mins 16 mins 19 mins 22 mins 25 mins
Pattern list |Pattern list |Patterns on |Patterns on [Pattern on |Patterns on
Ul Ul list marked [list marked [list marked [list marked
Instructions |Instructions (Ul Ul Ul Ul
Pile of Pile of Instructions (Instructions |Instructions (Instructions
a patterns patterns Pile of Pile of Pile of Selected
 [Selected  [Pointing to |patterns patterns patterns patterns laid
§ patterns laidthe Pointing to [Pointing to out as -
'J, out description [the solution [the graph o
3 overlapping [section section discussion Partial g
- section graph iT

Table A17.6 - Comparison of observationsfor Case 6
The artefacts students have laid out on the work surface and pointing behaviour when
each image was taken are listed in Table A17.6.

When working with the narrative patterns these students both started on graphs and then
stopped work on them sometime between six and eleven minutes and although the
graphs are observed in a number of subsequent images they effectively spent twenty-
nine minutes studying the patterns before returning to work on their graphs.

The series of images between six and
twenty-five minutes show different
subsets of patterns spread over the
worktop then the layout changesinto a
hierarchical structure at twenty-nine
minutes. Figure A17.12 showsthe
students adding athird level of patterns

to the hierarchy at thirty-one minutes.
They have completed the exercise by

Figure A17.12 - Adding next level to
thirty-three minutes. hierarchy of patterns

In the second exercise, after six minutes the students are examining the top two patterns
in the set of illustrated patterns with the pattern list and Ul clearly visible. By thirteen
minutes selected patterns have been marked on the pattern list repeating the technique
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seen first in the last six minutes of Exercise One. A change in the work surfaceis seen
at nineteen minutes with students apparently using the marked pattern list to locate the
patterns and organise them into a graph like they did with the narrative patterns. This
process is almost complete at twenty-two minutes and the students are working on their

Ul-pattern models which have been completed by twenty-five minutes.

When comparing the process the students used for the two exercisesit is obvious that
the way they manipulated the patterns was similar in the last five minutes where they
effectively moved the patterns into a hierarchical structure. The main differenceisin
the time they took when working with the narrative patterns to examine and select
patterns and also the apparent false start on the graph. The other obvious differenceis
that they marked their selected patterns on the list when working with theillustrated
patterns before building the hierarchy. Because the students are not observed
examining the Ul, and it does not appear to have been moved into the central area at any
time, it is assumed that they examined thisin detail during the first time period and only
made reference to it as they selected patterns to describeit.

<
<

E - select F — Lay patterns
exﬁn;ir?:;tion > falgm-ili‘;?it;?irt?on g O\grallselaet(t:(tern > onD atl:a?grﬁst |next pattem using > outas g Ul+ 2tte?rr16-lmodel
P P reference list Ul-pattern-model P

Figure A17.13 - Apparent method used by Case 6
The method these students appear to have created, Figure A17.13, interchanges steps A
and B when compared to the proposed method. They then used the suggested top-down
approach but these students marked sel ected patterns on the pattern list as patterns are
selected, steps D and E. Then using that list they have reorganised the patternsinto a
hierarchy. Finally they record the Ul-pattern model on exercise worksheet.
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Al7.7 Case 7 — Narrative patterns First

7 mins 11 mins |15 mins 19 mins [23mins 26 mins 29 mins [31 mins |35
Ul Ul Ul Ul Instructions |UI Ul Instructions
Instructions|Instructions|Instructions Instructions|Selected  |Instructions |Instructions |Patterns on
Selected [(Selected |Selected Selected |patterns  [Patterns on[Patterns on [list marked
patterns patterns patterns patterns laid out list marked |[list marked |Selected
laid out laid out laid out laid out overlapping|Selected |Selected |patterns
> |overlapping|overlapping joverlapping overlapping|Partial patterns  |patterns  [laid out as E
2' Exercise |[Exercise [Exercise Partial graph laid out as |[laid out as |graph @
O |Sheet Sheets Sheet graph graph graph ,_%
= Pointing to Partial
= the graph
= reference Pointing to
o section context
% section
7 mins 10 mins |14 mins 17 mins 20 mins [23 mins |26 mins
Pattern list |UI Ul Instructions [Instructions |Instructions
Ul Pile of Pile of Pattern list |Pattern list |Pattern list
Instructions |patterns  |patterns Ul Ul Ul
Pile of Selected [Selected |Pile of Pile of Pile of
patterns  |patterns  |patterns  |patterns  |patterns  |patterns
Selected [laid out laid out Selected (Selected [Selected E
patterns  |overlapping|overlapping [patterns patterns patterns as @
8 laid out Pointing to |Pointing to [laid out laid out graph ,_%
— |overlapping the the overlapping|overlapping [Partial
E:( reference (illustration Partial graph
'(7, section graph Completed
> rough
= graph

Table A17.7 - Comparison of observation for Case 7

Thelist of artefacts and items of interest for this pair of students are found in Table
A17.7. Asthisgroup wasthelast pair in the circuit for photographing seven minutes
elapsed before the first image was taken. By this stage the students had the first few
patterns from the pattern set laid out in order across the work surface and one student
appears to be studying the method on the instruction sheet. Notes show that they had
asked for an explanation of the instructions earlier. At eleven minutes they requested
help again and asked about the different sections making up the patterns. At fifteen
minutes one student had started to create the graph but at nineteen minutesiit is clear the
graph has not changed. The students appear to re-organising selected patterns for about
ten minutes and notes show that they again requested help. At about twenty-three
minutes they asked how the patterns could be structured into the Ul-pattern-model and
as they had observed the group behind them laying out the patterns into a hierarchy
wanted to know if this approach would work. One of the students also asked about the
inconsistency between the context and reference sections of patterns ‘09 Groups with
Titles and’07 Master with Details'. At twenty-six minutes the students are marking
selected patterns on the list, have devel oped three layers of the pattern hierarchy and are
drawing the matching Ul-pattern-model. They appear to have extensively discussed
pattern content as they take nine more minutes to compl ete the exercise.
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When using the illustrated patterns this pair

of students seems to start selecting patterns W
using the Ul and the pattern list as seenin g e
thefirst image. At ten minutes the Ul is still '

prominent and they appear to be comparing
two patterns. In Figure A17.14 they are

seen comparing the Ul with the pattern’s _ ) _
Figure A17.14 - Ul being compared with

illustration. pattern illustration

Comparing patterns seems to be the main behaviour observed in the series of images. It
Is not until twenty-three minutes that it can be seen that one student has drawn a four
layer Ul-pattern-model. The other student has drawn arough copy over the top of the
instruction sheet and has just started transferring that to the worksheet. Both have
finished the exercise by twenty-six minutes.

When working on the first exercise, this pair of students requested help on a number of
occasions. They were much quicker getting started and compl eting the second exercise.
When working with both pattern sets the students made frequent reference to the Ul
throughout the exercise. They made use of the pattern list only in the final stages of
both exercises. When working with the narrative patterns these students spent
considerable time discussing possible alternatives as they made selections. They do not
seem to have had similar discussions while completing the second exercise though it is
clear one student created a rough copy while the second worked directly on the fina
version of their graph.

<&
<

D - select -
A - pattern B-UI C - select ext pa::zricfrom o] E—record Ly F Laoﬁtp:stterns Ly G - draw
S L > > ;
familiarisation|™ [ examination | |overall pattern reference list on pattern list Ul-pattern-model Ul-pattern-model

Figure A17.15 - Apparent method used by Case 7
The method these students appear to use when working with the narrative patternsis
shown in Figure A17.15. For thefirst four steps they appear to follow the proposed
method. They may have used the Ul to identify patterns rather than the reference
section in patterns as the Ul was obviously being referred to alot but there is no direct
evidence they were doing this. They appear to spend a significant amount of time
comparing patterns before they marked the selected patterns on the list but not all
patterns used in their graphs are identified. This maybe aresult of the students not
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agreeing to which patterns make up the lower level of their graphs as their completed
solutions are very different.
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Appendix A18: Study One — Exit Questionnaire

Responses

To ensure anonymity the comments have been amalgamated and sorted alphabetically.

Al1l8.1 Ul-pattern Patterns

Justification for most useful pattern section

U

uu

e uidy

U

=

Because once we had identified the patterns present we used these attributes to
relate them (context & reference)

Because the problem identifies what it is solving in the context

Examples gave me an idea of what they would look like

Facilitated understanding (Initial example & context)

It displayed the correct solution which could be visualised to help me figure out if
that same solution could be applied to exercise we were given (Solution)

Most relevant to task (Initial example & context)

Provided more detailed explanation (Problem & solution)

Reference because it shows relationships

Showed how the patterns linked together (reference)

Showed how they linked together (Reference)

So you could see what that pattern looked like (Initial example & more examples)
Solutions show how they are used

The context and examples gave overviews of the differences between patterns
The forces provided links between patterns

The wording instructions were too complicated (Initial example & more
examples)

They gave afeel for how you’ d stack them in the hierarchy. Also helped match to
the parts of the Ul (context & reference)

Undecided

Justification for least useful pattern section

=

=

Jy

e duddl

Not relevant, in most cases it was clear from the name and initial example
(Forces)

Given the time, the discussion would be better for non-group works. We just used
the rest of the description to match and provided our own commentary.
Ran out of time to read them (Discussion)

Lead to reliance on them — used them to understand the pattern not the
information explaining them (Initial example & more examples)

Didn’t focus on them (more examples)

Because there was insufficient time to analyse the discussion

Not used redundant (forces, discussion, identifier & name)

Didn't useit (forces)

Too much useless information (Discussion)

It waslong and | couldn’t be bothered reading it (Discussion)
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Illustrated Patterns Preference

Examples

No screen shots

No screen shots in the second set of patterns made the non-illustrated set harder to
use

Pictures

Screenshots

The first pattern form (illustrated) was based on one screen information; whereas
the Second one has more information which can cause confusion.

The use of theillustrations

The visual aspects

Visual (pictures)

Narrative Patterns Preference

=

=

Complexity of the information displayed had not much to do with the patterns
(Breaking into parts)
Too much reliance on the Initial example — picture

A18.2 Ul-pattern modelling

Ul-pattern Model

R R R

Uy

=

Because | could use the structure

Because it has clear indication of patterns that are needed to recreate the interface
Figure out quickly what went wrong / needs fixing

Having used computers enough | have already seen all the patternsin use and the
patterns seem to make the job more complicated

Help me understand Uls better

| would know how to do it properly

It showed what order we would need to form all the aspects of the interface

State information, fields and how things are generally broken up into modular
parts that fit the interface makeup you wonder if there were more effective ways
to group things

They would’ ve hel ped visualize the Ul in terms of features and functionality

We could find which patterns weren't used and debate whether this was correct of
not

Would design it better second time around; provided more timeis given with
details given beforehand (i.e. read and understand)

Would help provide ideas for how the Ul should be presented

Using the Ul patterns when creating the Ul-pattern model

=
=

=
=

Because it clearly showed how the patterns are applicable and how they relate
Because it increased my knowledge of patterns from noneto alot in acrash
course

Because then | could see what use the patterns had

Being able to class Ul by parts with names and given specific objectivity makes
me wonder if | actually have been doing something similar already

Didn't attend pattern lecture
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vl

y Uiy

Enable me to understand pattern in more details via the two models we have to
Create

Had not encountered Ul patterns before

| didn’t understand the concept at first but then I made sense of it

It gave me an understanding of the fundamentals of patterns by actively
participating in the design (construction) of a pattern hierarchy which forced me
to understand the basics of each individual pattern that was present

It's always helpful to get some practical experience

Made you think more about how they inter-rel ated.

My non-existent knowledge of HCI now exists

Put theory into practice

The Ul-pattern modelling method

e duddy

Was not initially very clear what we were expected to produce

Not clear enough that you are only selecting related patterns, and why
Not clear enough what the objective of the exerciseis

Helped avoid looking at the same ones too many times

It wasn't aways obvious which patterns belonged together

None, as supervisor directed me to right path/direction.

Steps in Method

Remove

=  STEP B - Created a bias towards that one example

= STEPE-Similar to step D; it isjust repetition

Modify

=  STEP A —Perhaps have a hierarchical map of how the patternsrelate [so as] To
avoid looking at the same ones many times

= STEPA —Similar to step B. could do away with it and start with step B

= STEP C-Givedl the patterns related and possible hierarchical patterns [because]
It wasn't aways obvious which patterns belonged together

=  STEP E - Continue selecting patterns from those referred to in the previously-

selected pattern to construct a hierarchy of related patterns [because] Not clear
enough that you are only selecting related patterns, and why — what the objective
of the exerciseis

A18.3 Communication with Partner

Patterns

R R VR

Ableto decide what was relevant

Allowed a set of standard ways of talking about how the pattern should be defined
Because we could both get the same mind set

Better able to explain point of view

Both self and partner were confused; then we asked for supervisors assistance.
Constructive banter

Gave aplaceto start discussion, | guess referring the (reverse) modelling process.



R R R

U

In the illustrated patterns we tended to identify them with things we had seen,
examples

Lead to discussion on the design patterns — enhancement of knowledge

We could compare patterns and argue for or against each one

We discussed some of the problems and worked through the exercise

We just discussed whether the pattern suited the interface

Whereas we had to add the non-illustrated ones and got a more general sense of
their use

Without them we would have lacked terminology to discuss the Ul features we
were looking at

Ul-Pattern Modelling Help Design a New Ul

=

L L L R

U

These examples were analysis, not design. Would prefer to find the el ements
needed to design the best Ul, while designing it; rather than starting with the
elements and trying to assemble them

Can be restricting at times with what pattern can line to what other pattern
Get too caught up in trying to combine several patterns

At first there was alot of content to cover which seemed daunting at first but once
the content was skim read it wasn’t so bad

No problems

Perhaps limitation to standard Uls, less room for innovation

Incomplete set of patterns could hinder design

Some functionality or features encountered may not have patterns associated
Too much reading and having to look back and re-read

Very useful but required more hands on to familiarise self with this pattern
concept

Thank you for the task and learning curve!



169

Appendix A19: Study One — Student Derived
Methods

The methods derived from the analysis of the image sequences.

Case1l

A-Ul
examination

B - pattern

familiarisation

Case?2

< <
< <
C —select D - select F — Lay patterns
patterns > patterns on > out as
recognised on Ul reference or context lisf] Ul-pattern-model

A

G - draw
Ul-pattern-model

G - draw
Ul-pattern-model

F - review
pattern selection

G - draw
Ul-pattern-model

A - pattern B-Ul C - select L JD ;fteezlr?ﬁrom E - create F - review
familiarisation| | examination | |overall pattern 1ext p ! i model pattern selection
reference list
Case3
ai
<
D - select
A - pattern B - Ul C - select Pinext pattern from N E - create
familiarisation examination overall pattern g . "| Ul-pattern-model
p reference list P
Case4
A - pattern B-Ul C - select | D -afteeﬂf’lc:rom E - create F - review
familiarisation| | examination | |overall pattern 1ext p ! i model pattern selection
reference list
Caseb5
<
E - select F - add selected -
A - pattern B-UI C - select | | D-—record . E —review
‘familiarisation H examination Hoverall pattern| on pattern list [~¥|next pattern using g patterns pattern selection|
reference list to model

Case 6

N

G - create
Ul-pattern-model

F — Lay patterns

<
E - select
p| D —record —P{next pattern using >
on pattern list )
reference list

A

A-Ul B - pattern C - select
examination familiarisation overall pattern
Case7
A - pattern B-UI C - select
familiarisation|” [ examination |~ [overall pattern

out as
Ul-pattern-model

D - select

E - record

Pnext pattern from

on pattern list

reference list

F - Lay patterns
out as
Ul-pattern-model

G - draw
Ul-pattern-model

G - draw
Ul-pattern-model
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Appendix A20: Study Two — Numeric Data

A20.1 Ul-pattern Model Marks

Appropriate Potential patterns Appl_'oprlate Potential links Overall
patterns links

Expl Exp2 Expl Exp2 Expl Exp2 Expl |Exp2 Expl Exp2

1.00 0.89 0.56 0.80 0.50 0.88 0.29 0.78 0.59 0.84

1.00 1.00 0.56 0.90 0.50 0.88 0.29 0.78 0.59 0.89

0.71 0.83 0.56 0.50 0.50 0.33 0.43 0.22 0.55 0.47

0.71 0.83 0.56 0.50 0.50 0.60 0.43 0.33 0.55 0.57

0.80 0.64 0.44 0.70 0.75 1.00 0.43 0.33 0.61 0.67

0.80 0.75 0.44 0.30 0.75 1.00 0.43 0.33 0.61 0.60

0.43 1.00 0.33 0.80 0.83 1.00 0.71 0.89 0.58 0.92

0.43 1.00 0.33 0.80 0.83 1.00 0.71 0.89 0.58 0.92

0.64 0.80 0.78 0.40 0.42 0.50 0.71 0.44 0.64 0.54

0.64 0.67 0.78 0.40 0.42 0.50 0.71 0.56 0.64 0.53

0.86 1.00 0.67 0.70 0.50 1.00 0.43 0.67 0.61 0.84

0.86 1.00 0.67 0.60 0.50 1.00 0.43 0.56 0.61 0.79

0.67 0.82 0.44 0.90 0.60 0.80 0.43 0.89 0.53 0.85

0.83 0.82 0.56 0.90 0.80 0.80 0.57 0.89 0.69 0.85

0.86 0.60 1.00 0.78 0.81

0.88 0.70 0.86 0.67 0.77

1.00 0.50 0.75 0.33 0.65

1.00 0.50 0.75 0.33 0.65

0.86 0.60 0.67 0.44 0.64

0.86 0.60 0.67 0.44 0.64

1.00 0.40 1.00 0.33 0.68

1.00 0.40 1.00 0.33 0.68

1.00 0.40 1.00 0.33 0.68

1.00 0.40 1.00 0.33 0.68

min| 0.43 0.64 0.33 0.30 0.42 0.33 0.29 0.22 0.53 0.47

max| 1.00 1.00 0.78 0.90 0.83 1.00 0.71 0.89 0.69 0.92

average| 0.74 0.90 0.55 0.60 0.60 0.83 0.50 0.54 0.60 0.72

stdev| 0.18 0.11 0.14 0.19 0.16 0.20 0.16 0.23 0.04 0.13
p T<t| 0.002 0.406 0.001 0.595 0.002
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A20.2 TUIC Modelling Marks

Appropriate Potential . .
"riic Tic | Polental | Appropriate | ooy
components | components
0.56 0.42 0.33 0.45 0.44
0.60 0.42 0.50 0.62 0.53
0.60 0.42 0.67 0.62 0.57
0.60 0.50 0.67 0.64 0.60
0.67 0.50 0.67 0.67 0.63
0.67 0.50 0.67 0.67 0.63
0.67 0.50 0.67 0.78 0.65
0.70 0.50 0.83 0.78 0.70
0.73 0.50 0.83 0.82 0.72
0.80 0.50 0.83 0.83 0.74
0.80 0.58 0.83 0.87 0.77
0.80 0.58 0.83 0.88 0.77
0.82 0.58 0.83 0.88 0.78
0.83 0.67 0.83 0.88 0.80
0.83 0.67 0.83 0.89 0.81
0.86 0.67 0.83 0.93 0.82
0.88 0.67 0.83 0.94 0.83
0.88 0.67 1.00 0.94 0.87
0.89 0.75 1.00 0.94 0.90
0.90 0.75 1.00 0.94 0.90
0.90 0.75 1.00 0.94 0.90
1.00 0.75 1.00 0.94 0.92
1.00 0.83 1.00 1.00 0.96
1.00 0.83 1.00 1.00 0.96
min 0.56 0.42 0.33 0.45 0.44
max 1.00 0.83 1.00 1.00 0.96
average 0.79 0.60 0.81 0.83 0.76
stdev 0.13 0.13 0.17 0.14 0.14




A20.3 Patterns Questionnaire Raw Data

Num Topic 01A 01B 02A 02B 03A 03B 04A 04B 06A 06B 07A 07B 08A 08B 09A 09B 10A 10B 11A 11B 12A 12B
S-01 Clear information 1 1 -1 -1 1 1 1 1 1 0 1 1 0 1 1 1 0 0 o -1 o0 0
S-02 Patterns helpful 1 1 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 o -1 1 -1
S-03 Straight forward to select pattern 0 0 -1 0 -1 1 1 0 1 1 1 0 0 1 0 -1 1 0 -1 0 -1
S-04 Enjoyed building Ul pattern model -1 1 -1 -1 -1 1 1 0 1 1 1 1 1 -1 1 1 -1 1 -1 -1 1 0
S-05 Finding suitable patterns OK 1 1 -1 -1 0 0 1 1 0 0 1 1 0 1 0 0 1 0 0 -1 -1 0
S-06 Find required knowledge 1 1 0 -1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 -1 0 1
S-07 Patterns informative 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 1 1 1 0 1
S-08 Diagram helpful 1 0 0 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
S-09 Sufficient information 1 1 1 1 101 1 0 -1 1 1 1 0 -1 0 1 1 0 101 0
S-10 Easy to find next pattern 1 1 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 -1 0 -1
S-11 Command of patterns 0 1 0 -1 0 -1 1 1 1 0 0 1 1 1 1 0 0 1 0 -1 0 0
S-13 Liked to use patterns designing Ul 0 1 1 -1 1 -1 0 1 1 0 1 0 1 -1 -1 1 1 0 -1 -1 0 -1
S-14 Straight forward method -1 1 1 0 1 0 1 1 1 -1 1 1 0 0 0 0 1 0 -1 0 0
S-15 Aid Ul-concepts discussion 1 1 1 0 1 0 0 1 1 1 1 1 1 0 1 1 1 0
S-17 Referring back to patterns -1 -1 1 1 0 1 1 1 0 -1 0 -1 1 -1 0 1 1 1 1
S-18 Patterns easy to understand 1 1 0 0 -1 1 1 1 0 0 1 1 1 1 0 -1 1 1 0 -1 -1 1
S-19 Pattern names clear 1 1 1 1 0 -1 1 1 1 -1 1 1 1 0 0 -1 1 1 -1 -1 -1 1
S-20 Patterns described Ul well 1 1 0 1 -1 1 1 1 -1 1 0 0 1 1 0 1 1 -1 0 1
S-21 Logical organisation 1 1 1 0 1 0 1 0 1 0 1 1 1 1 1 -1 1 1 0 1 0
S-22 Patterns easy to use 1 1 1 0 -1 -1 1 1 0 1 1 1 0 0 -1 1 0 -1 -1 -1 -1
S-23 Number of steps OK 0 0 0 o -1 -1 1 1 1 -1 o0 1 o -1 -1 0 -1 0 -1 o -1 -1
S-24 Enough patterns to model Ul 1 1 1 0 0 0 0 1 1 0 1 1 1 0 1 1 0 1 1
S-25 Content easy to remember -1 -1 0 0 0 0 0 1 0 0 1 -1 0 1 0 -1 -1 0 -1
S-26 Pattern names indicate intent 1 1 1 1 0 0 0 1 0 1 1 1 0 0 0 1 0 -1 1 1
S-27 Aid modelling discussion 1 1 1 0 0 1 1 1 1 1 1 1 1 -1 -1 1 1 1 -1 1 0
S-28 Method easy to follow 11 1 -1 1 1 1 1 1 -1 1 1 0 0o -1 0 1 1 101 -1
S-29 Examples helpful 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 -1 1 1
S-30 Patterns aid focus -1 1 1 -1 0 0 0 1 1 0 1 1 0 -1 0 1 1 1 0 -1 0 1
S-31 Understand and act on information 1 0 1 1 1 1 1 1 1 1 1 1 1 -1 1 0 1 1 -1 A1 0 1
S-32 Diagram understandable 1 1 0 1 0 1 1 1 1 1 1 0 -1 0 -1 0 1 1 -1 0 1 -1
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A20.4 Patterns Questionnaire Summary Data

Num Topic Total | agree | undecided |disagree
S-01 Clear information 9 | 55% 32% 14%
S-02 Patterns helpful 10 | 55% 36% 9%
S-03 Straight forward to select pattern 2 | 32% 45% 23%
S-04 Enjoyed building Ul pattern model 4 | 55% 9% 36%
S-05 Finding patterns OK 4 | 36% 45% 18%
S-06 Find required knowledge 13 | 68% 23% 9%
S-07 Patterns informative 16 | 73% 27% 0%
S-08 TUIC diagram helpful 16 | 77% 18% 5%
S-09 Sufficient information 3 | 45% 23% 32%
S-10 Easy to find next pattern 13 | 68% 23% 9%
S-11 Command of patterns 6 |41% 45% 14%
S-13 Liked to use patterns designing Ul 0 |36% 27% 36%
S-14 Straight forward method 7 | 45% 41% 14%
S-15 Aid Ul-concepts discussion 14 | 64% 36% 0%
S-17 Referring back to patterns 7 | 55% 23% 23%
S-18 Patterns easy to understand 8 | 55% 27% 18%
S-19 Pattern names clear 7 | 59% 14% 27%
S-20 Patterns described Ul well 10 | 59% 27% 14%
S-21 Logical organisation 14 | 68% 27% 5%
S-22 Patterns easy to use 3 | 45% 23% 32%
S-23 Number of steps OK -5 | 18% 41% 41%
S-24 Enough patterns to model Ul 13 | 59% 41% 0%
S-25 Content easy to remember -1 | 23% 50% 27%
S-26 Pattern names indicate intent 9 | 50% 41% 9%
S-27 Aid modelling discussion 10 | 64% 18% 18%
S-28 Method easy to follow -1 | 41% 14% 45%
S-29 Examples helpful 17 | 82% 14% 5%
S-30 Patterns aid focus 6 | 45% 36% 18%
S-31 Understand and act on information 13 | 73% 14% 14%
S-32 TUIC diagram understandable 8 | 55% 27% 18%
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A20.5 TUIC Test Results
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A20.6 Exit Questionnaire — Closed Questions
- Communication ul- TUIC
Proficiency Aid Pattern | delling
modelling

Experienced 2 Very helpful 2 4 3
Reasonable 3 Reasonably helpful 9 5 6
Average or OK 9 Helpful 9 9 6
Not very 5 Not very helpful 3 4 4
Low 3 Unhelpful 0 0 0
min 0 0 0
max 9 9 6
median 3 4 4

mean 4.60 4.40 3.80

Std 4.16 3.21 2.49

skew 0.30 0.15 -0.92

kurtosis -2.78 1.69 0.32
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A21.1 Casel

3 mins 5 mins 8 mins 11 mins 15 mins 19 mins 23 mins 26m
Pattern list Pattern list Pattern list Pattern list Pattern list Pattern list Pattern list
Ul Ul TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols
Ul-pattern Ul-pattern Ul Ul Ul Ul Ul

«» |model model Ul-pattern ITUIC model [TUIC model [TUIC model [TUIC model

g [Pattern#1 & |Pattern#1 & |model Pattern #11 & |Pattern #11 &

wg #3 #3 TUIC model #16 #16 )

£ [TUIC symbols [TUIC model [Pattern #3 2

< [TUIC model 2
Pointing to Drawing TUIC |Pointing to Drawing TUIC |Drawing TUIC [Drawing TUIC [Focus on Ul i
instruction component TUIC component component component

o |Focus on component on [Focus on Ul [Focus on Ul [Focus on Ul

S |pattern # 3 model

g Focus on Ul

Table A21.1 - Observation of case one completing TUIC modelling exer cise
After working on this exercise for three minutes these students appear to have
completed examining the Ul-pattern model and TUIC symbols both of which can be
seen on the work space. One student is pointing to the instruction at the top of the
worksheet and the other appears to be searching through the pile of patterns probably to
find the root node, Pattern 03. These students keep the patternsin ID order for most of
the exercise and appear to flick through the pattern language to locate the required
pattern with minimal reshuffling or reorganisation. After five minutes they have
outlined the overall interaction space for their TUIC models. By fifteen minutes they
have outlined the next level of interaction spaces and proceed to add details after
reguesting an explanation on how to do this. At this point they began to spread some
patterns over the workspace.

It is clear that after the initial five
minutes these students concentrated
on using the ID numbers on the
annotated Ul to locate the next pattern
they would examine. They have
added most CAP or navigation

symbols to their diagram after

Figure A21.1 - Working from the anotated
ul

nineteen minutes and start adding

domain-specific labels.
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These students do not sort out the subset of Ul patterns making up the Ul-pattern model
asinstructed in step A but followed steps B through to F of the proposed Ul conceptual
modelling method. At the end they appear to check their model by matching TUIC

components with corresponding Ul elements.
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A21.2 Case?2
3 mins 5 mins 9 mins 12 mins 15 mins 20 mins 23 mins 27m
Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern
model model model model model model model
'TUIC symbols [TUIC symbols [TUIC symbols |UI ] ] ]
» |TUIC model |TUIC model |UI TUIC model t [TUIC model  [TUIC model  [TUIC model
‘g Instructions Instructions  [TUIC model |Pattern #3 TUIC symbols [TUIC symbols [TUIC symbols -
v [Pattern Pattern #3 Instructions Instructions Instructions Instructions 2
E collection in Pattern #1 Pattern #3 Pattern #3 Pattern #3 g
clip iT
Focus on Ul- [Focus on Ul |Focus on Ul  [Drawing TUIC |Focus on TUIC
2 |pattern model [Focus on TUIC component symbols
-2 |Focus on TUIC|model Focus on
& |symbols pattern #3

Table A21.2 - Observation of case two completing TUIC modelling exercise
After three minutes these students appear to be studying the TUIC symbols and the Ul-
pattern model, but have not sorted out the subset of patterns matching the model. After
five minutes they have shuffled the patterns so that the pattern #3 representing the main
interaction space is on top and have drawn the interaction space on their models. At this
point the Ul-pattern model and the Ul have been laid out at the top of the work surface
so that both are clearly visible for the rest of the exercise.

After nine minutes they have added 7
the first interaction space for the
second level to their TUIC model and
at twelve minutes are naming this
space. They appear to have been
studying the patterns in the interim
because these have been reshuffled.

The second of the next level of ' ’
Figure A 21.2 — Adding first interaction

interaction spaces has been added space of the second level

after fifteen minutes.

By twenty minutes the second level has been completed and some lower-level
components have been added. At twenty-three minutes the models are complete and all
components have been added and named. The students' may be reviewing their work at

this point.

It is unclear what the students have been concentrating on in the last three images
because they tidied the work surface when they saw the photographer approaching.
They appear to have used both the Ul-pattern model and the annotated Ul equally when
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selecting the next pattern to review as both these items were laid out at the top of the
work surface for most of the exercise. The TUIC symbols also seemed to be important

to these students.

They appear to have followed the steps of the proposed method except for extracting the
subset of patterns matching the Ul-pattern model as suggested in step A. They do not
appear to have updated labels as directed in step F as a number of the names are still

generic.
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A21.3 Case 3
3 mins 5 mins 9 mins 12 mins 15 mins 20 mins 24 mins 27m
Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul Ul
model model model model model TUIC model  [TUIC model
Pattern list Pattern list Ul Ul Ul Instructions Instructions
TUIC model  [UI TUIC model |[TUIC model [TUIC model [TUIC symbols [TUIC symbols
Instructions  [TUIC model |Instructions Instructions  [TUIC symbols |(under) Ul-pattern
«» [Pattern Instructions Pattern #7 TUIC symbols |Instructions Pattern #11  |model S
G [collectionin  [Pattern #7 Pattern #11  |Pattern #16 Pattern #11 @
£ [clip Pattern @
E numbers on £
Ul marked
Focus on Ul- |Focus on Ul  |Pointing to Focus on TUIC|Focus on Ul |Focus on Ul  [Focus on Ul
@ |pattern model [Pointing to component on [model Pointing to
o TUIC model |UI Focus on Ul- [component on
I3 diagram on pattern model (Ul
< pattern #3

Table A21.3 - Observation of case three completing TUIC modelling exercise

After three minutes these students are studying the Ul-pattern model and appear to be
comparing it with the Ul. Although the TUIC components list isnot visible alater
image shows that it was on part of the work surface not captured by earlier images. At
five minutes one student is pointing to the TUIC model diagram illustrating Pattern 7
and they appear to be comparing thisto the Ul. The main interaction space has been
added to their TUIC model. At nine minutes the Ul is central to the workspace and the
students have ticked the ids for the patterns they have used. They have completed the
interaction space representing Pattern 9 including the details and naming. At twelve
minutes they have started trying to model the middle interaction space and asked for
help in interpreting the TUIC model diagram for representing the tabular set pattern. At
fifteen minutes the Ul is again clearly prominent on the work surface and the students
are studying pattern sixteen as they are working on the third interaction space. One
student is pointing to the Ul and possibly marking theid for Pattern 16. At twenty
minutes they have returned to the middle interaction space and are back studying
Pattern 11 and the Ul. At both twenty-four and twenty-seven minutes they are adding
the lower level component details that complete their model.
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These students predominately relied on the
annotated Ul to guide their development of their
TUIC model, marking the pattern ids off as they
completed each part. They added domain-
specific names to the components as they
developed the model.

The students followed the middle four steps B to
E of the proposed method but added domain-
specific names as they created the model not at
the end, step F. They did not separate out the
sub-set of patterns at the beginning, step A but
kept the set of patterns in order just turning to

each pattern as they required it.

Figure A21.3 - Marking pattern
ids off on anotated Ul
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A21.4 Case 4

3 mins 6 mins 9 mins 12 mins 16 mins 20 mins 24 mins 27 mins 30m
Ul-pattern  |Ul-pattern  |Ul-pattern  |Ul-pattern  |Ul-pattern  |Ul-pattern  |Ul-pattern  |{Ul-pattern
model model model model model model model model

o VI Ul Ul Ul Ul Ul Ul Ul

‘g Pattern list |Draft model |Pattern list |Draft model |Draft model |Draft model |Draft model [Draft model

+ [Praft model |Instructions [Draft model [Instructions |Instructions (Instructions [Instructions  |Instructions

L |Instructions [TUIC Instructions [TUIC TUIC TUIC TUIC TUIC

< lruic symbols TUIC symbols symbols symbols symbols symbols 3
symbols symbols Pattern #7  |Pattern #13 |Pattern #11 |Pattern #13, |Pattern #11, ﬁ
Pattern #1 Pattern #7 & 13 #11 #13 L%
Focus on Focus on Focus on Focus on Drawing Focus on Holding Drawing

«» [instructions |instructions |pattern list |pattern #7  [TUIC pattern #11 |patternsin [TUIC

S component (& #13 hand component

S Pointing to

< TUIC

component

Table A21.4- Observation of casefour completing TUIC modelling exer cise

At three minutes these students have carefully laid out the Ul and Ul-pattern model at

the top of the workspace with the TUIC symbols between them and their pattern sets on

either side. They have made a copy of the Ul-pattern model as a structured list and now

appear to be studying the instructions.

They have erased the copy of the Ul-

pattern model after six minutes. This

image has not captured what they are

doing but it is assumed they are

studying the Ul patterns because they

are turned towards where these were

placed. At nine minutes they have

drawn the main interaction space

starting their TUIC model.

|

Figure A 21.4 —First attempt rubbed out
and restarting with main interaction space

They have added the first of the three interaction spaces on the next level to their model

by twelve minutes and have clearly been examining the patterns as a shuffled pile can

be seen at the edge of thisimage. At twelve minutes they appear to be studying pattern

number seven and by sixteen minutes they are completing the first of the three second

level interaction spaces including adding domain-specific labels to the components. At

twenty minutes the students are studying the patterns related to the second interaction

space at the next level. At twenty-four minutes they have added the frame for this
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interaction space and one student is studying the patterns while the other is reviewing
the stepsin the proposed method. At twenty seven minutes they are adding the last of
the three second-level interaction spaces. They are clearly consulting the TUIC
symbols as they create their model. By thirty minutes the draft model is complete and
they are transferring the model to the worksheets.

The Ul and Ul-pattern model were clearly visible to both students throughout the
modelling exercise but the images capture the student mostly studying the TUIC model
diagramsiillustrating the patterns rather than concentrating on any other artefact. They
kept the patterns in order throughout the exercise, just flipping through utill the patterns

required were on top.

These students leafed through the set of patterns to the one required keeping therest in
order. After the false start of just copying the Ul-pattern model as a structured list, steps
B through E were followed with one variation. In that they choose to create a draft copy
first. They also choose to use domain-specific labelling as they added each component
rather than at the end. They obviously had to add an additional step where they made
final copies of their TUIC model and reviewing their work as they did so.
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A21.5 Caseb

3 mins 6 mins 9 mins 12 mins 17 mins 20 mins 24 mins 28 mins  [30 mins
Ul ] ] ] Ul ] Ul Ul ]
Pattern list |[Ul-pattern [Pattern list [Ul-pattern |Pattern list [Pattern list |Pattern list |Pattern list [Pattern list
Instructions |model [TUIC modelimodel Instructions [Ul-pattern  [Ul-pattern |Ul-pattern [TUIC model
Pattern list [Pattern #3 |Pattern list [TUIC model model model Pattern #15,
i TUIC Instructions [symbols Instructions |Instructions [TUIC #6 & #16
§ model TUIC TUIC model[TUIC model[TUIC modeljmodel
Q Pattern #3 symbols Pattern #3 |Pattern #3 |Pattern #3, |Pattern #19
< TUIC model Patterns  #15 & #6
Pattern #3 on Ul- TUIC
pattern symbols
model
marked
Focus on Ul[Focus on |Drawing Pointing to [Drawing Focus on |Pointing to |Holding Drawing
Holding Ul-pattern [TUIC TuIC TUIC the UI- component [TUIC TUIC
2 patterns in |model component jcomponent [component |pattern on Ul model component
2 |hand Focus on Uljon TUIC model Focus on  |[Finished at
< model Drawing 9] 32 mins
Focus on Ul TUIC
component

Table A21.5- Observation of case five completing TUIC modelling exercise
The Ul appearsto be the first artefact these students focussed on, but by three minutes
one student is beginning to look at the associated patterns. At five minutes focus has
moved to the Ul-pattern model and the root pattern has been located. At nine minutes
the students are drawing the containing interaction space and the Ul is clearly the
artefact they are using as afocus. By twelve minutes they are working on the first of
the three interaction spaces at the next level but still using the Ul asthey main focus. It
isaso clear that they have been shuffling through the pile of patterns but are appear to
be placing the pile down again in order after locating any patterns of interest.

At seventeen minutes these students ask for
help and are directed to the Ul-pattern model
to order their exploration of the patterns. At
twenty minutes the students have been
focussing on the Ul-pattern model and have
marked off the first two patterns they have
used. They are working on completing the first
of the three interaction spaces. By twenty-four
minutes the students are again focusing on the

Ul. They appear to be discussing how to

represent the table on the Ul as they are

.' <
pointing to it and are clearly working on the Figure A 21.5— Apparently

details of the second interaction space at level ~ discussing ho;/vakt)?ereprwent the
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two. They also appear to have been viewing

some of the relevant patterns.

The second interaction space has been completed by twenty-eight minutes and it
appears that they are reviewing what they have done so far as patterns are fanned across
the workspace. At thirty-one minutes these students are still working on their TUIC
model completing the final interaction space and take until thirty-two minutes to finish.

These students regularly move their focus to the Ul-pattern model and marked patterns
on it asthey are used them. They aso appear to check with the annotated Ul at the

sametime. To begin with they shuffled the patterns and kept them in 1D order but later
began to spread the patterns on the desktop so that they could see all relevant diagrams.

These students took the longest time to compl ete the exercise. They effectively
swapped steps A and B. Unfortunately the first imageis blurred and only partly shows
the work surface but it appears the students are studying the Ul and TUIC symbols. In
the second image they have moved the Ul-pattern models into the centre of the
workspace. They then appear to follow steps C through E and have used domain-
specific labels for some components, but not all because they did not have timeto

complete step F.
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A21.6 Case6
4 mins 6 mins 9 mins 13 mins 17 mins 21 mins 24 mins 28m
] Ul ] ] ] Ul Ul
Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern
model model model model model model model
«» [Instructions  |Instructions  |Instructions  (Instructions  |Pattern list Pattern list Pattern list
‘g TUIC model  [TUIC model [TUIC model [TUIC model [TUIC symbols [TUIC symbols [TUIC symbols
% [TUIC symbols |Pattern #3 &  [Pattern #3, Pattern list TUIC model [TUIC model [TUIC model
Lt |Pattern #3 & [#4 #15, #11, #9 & [TUIC symbols |Pattern #11 & |Instructions Pattern #11 &
< g 7 Pattern #3 & #15 Pattern #11 & [#16 ?
#8 Pattern #17 G
numbers on L%
Ul marked
Focus on Ul |Pointing to Drawing TUIC |Focus on Ul |Focus on Ul  |Focus on Ul [Focus on
«» |Focus on Ul- [node on Ul-  [component Pointing to Drawing TUIC |Focus on TUIC|pattern #15
S |pattern model |pattern model [Focus on Ul [pattern component model (held in hand)
S [brawing TUIC Holding Focus on TUIC
< |component patterns in symbols
hand

Table A21.6- Observation of case six completing TUIC modelling exercise

These students had already added the main interaction space to their diagrams by the
time the first image was taken at four minutes. The Ul isclearly visible at the top of the
work surface and the Ul-pattern model is lying between the students. Relevant patterns
areaso visible. By six minutes they have added the outlines for the first two of the next
level of interaction space and one student is pointing to the sub-tree on the Ul-pattern
model that represents the third interaction space. At nine minutesthe Ul isclearly in
focus and the students are examining patterns while adding the outline of the third
interaction space to their models. The Ul-pattern model is visible between the students
at thirteen minutes and students appear to be studying pattern content. At seventeen
minutes the Ul is again prominent on the work surface and the students have marked on
it the patterns they have used. They are adding details to the middle interaction space.
At twenty-one minutes they are still working on the middle interaction space and have
added arelevant comment. The third interaction area has been added by twenty-four
minutes and the students are focussing on the TUIC symbols, apparently reviewing their
models. At this point the first interaction areais incomplete and some components have
generalised labels. They consider that they had finished at twenty-eight minutes.

In the beginning stages these students used both the Ul and the Ul-pattern model to help
guide their modelling. Later on, they appear to be more reliant on the Ul and began
marking on it the patterns they had used. Although they didn’t sort out the subset of
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patterns in the early stages of the exercise they did fan the patterns so a number of
relevant patterns could be seen simultaneously.

(A) (B)

Figure A21.6 — Early version using generic names (A) and updated to use domain specific
names (B)

These students probably followed the steps of the proposed method reasonably closely.
In the first image the TUIC symbols sheet was lying under the Ul-pattern model
between the students with the Ul above them on the work surface indicating the students
had probably carried out parts of steps A and B. They then worked through steps C to E
labelling some components with generalised label s and some with domain-specific
labels. Erasuresindicate that step F was applied though not all components were
labelled correctly in the submitted models.
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A21.7 Case 7
4 mins 6 mins 9 mins 13 mins 17 mins 21 mins 28m
Ul Ul Ul Ul Ul Ul

Ul-pattern model {UI-pattern model [Ul-pattern model |Ul-pattern model [Ul-pattern model [Ul-pattern model
TUIC symbols  [TUIC symbols  [TUIC symbols  [TUIC symbols  [TUIC symbols  [TUIC symbols

[2]

Q

»g ITUIC model [TUIC model ITUIC model TUIC model TUIC model ITUIC model

< Patterns on Ul- °

< pattern model %

marked =

Focus on Ul Focus on TUIC [Drawing TUIC  |Drawing TUIC  |Pointing to TUIC [Drawing TUIC w

2 |Focus on UI- symbols component component component on  [component

2 |pattern model Pointing to Focus on Ul Focus on Ul- TUIC model

< component in list [Focus on Ul- pattern model

pattern model

Table A21.7- Observation of case seven completing TUIC modelling exer cise

These students placed the patterns they were using in a pile beside them rather than on
the work surface, therefore the patterns they used were not captured in any of the
images. At thefirst image they had laid the Ul and Ul-pattern model out along the top
of the work surface with the TUIC symbols between them and had already competed
drawing the enclosing interaction space. By six minutes they had added the first of the
three main interaction spaces, and were studying the TUIC symbols. At nine minutes
they have marked the patterns they have modelled on the Ul-pattern model and are
adding the second of the interaction spaces, having already added domain-specific
names to the first interaction space but not the detailed contents. At thirteen minutes
more pattern nodes on the Ul-pattern model have been marked and the students are
working on details making up the second interaction space.

By seventeen minutes all pattern nodes
on the Ul-pattern model have been
marked and the students’ models now

have all three interaction spaces and
they have added comments. One
student is pointing to a component on
their model and they appear to be
reviewing their model. At twenty-one

minutes one student is capture

correcting their model. They have

completed their models by twenty-eight  Figure A 21.7 — Apparently reviewing the

. model
minutes.
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These students clearly focused on the Ul-pattern model as they completed their TUIC
models. It isassumed that the students just shuffled the patterns to the one they

required because they were seen balanced in a pile on a bag beside the students.

It is not clear whether the students followed Step A but they did follow steps B through
to E adding domain labels as they created each interaction space. They added areview
step at the end of their process.
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A21.8 Case 8
4 mins 6 mins 10 mins 13 mins 17 mins 21 mins 25 mins 28m
Ul Ul Ul Ul Ul Ul Ul
Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern
model model model model model model model
& |TUIC symbols [TUIC symbols [Pattern list Pattern list TUIC model [TUIC model [Pattern list
§ TUIC model [Pattern list TUIC model [TUIC model [Pattern #4, #6 |Pattern #11, [TUIC symbols
] TUIC model  [Pattern #9 Pattern #9 & |& #9 #9 & #4 TUIC model
< Pattern #3 & #4 Pattern #17, | o
#7 Patterns on #6 & #4 %
Ul-pattern =
model marked [
Drawing TUIC |Drawing TUIC [Painting to Focus Ul- Focus on Focus on Focus on
«»n |component component component on [pattern model |pattern #6 pattern #11 pattern #17
S [|Focus UI- Focus Ul- Ul Pointing to Pointing to Drawing TUIC |Drawing TUIC
G |pattern model |pattern model |Focus Ul- component on [TUIC component component
< pattern model |Ul component on
[TUIC model

Table A21.8- Observation of case eight completing TUIC modelling exer cise

In the first image the students have laid the Ul and the TUIC symbols at the top of the

work space and have the Ul-pattern model between them. They are drawing the

enclosing interaction space. At six minutes they have started adding the second

interaction space and seem to be focused on the Ul-pattern model. At both 10 minutes

and 13 minutes one student can be seen pointing to components on the Ul and they

appear to be discussing how to represent the details of the second interaction space.

They have aso marked pattern nodes on the Ul-pattern model. At seventeen minutes

they are now studying Pattern 6 and are pointing to their current representation of the

second interaction space, obviously reviewing their model so far. By twenty-one

minutes they are adding detail to the second interaction space concentrating on Pattern

11. At twenty-five minutes the students are compl eting the third interaction space and

they have completed their models by twenty-ei ght minutes.
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These students predominately relied on

the Ul-pattern model to guide the = [_'-U'TL-‘-'T: Properties

development of their TUIC model, which

shows pattern nodes marked. They :_p.usr.;r et

added domain-specific names to : Hu___
e

components as they developed the = t‘;:;!de e [P

model. Figure A 21.8 —Marking progresson the
Ul-pattern model

Patterns were placed across the work space as they were required. These students

followed steps B through E. They used domain-specific names to label components as

they developed their models rather than at the last step.
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A21.9 Case?9

4 mins 7 mins 10 mins 13 mins 18 mins 22 mins 25m
Ul Ul Ul Ul Ul Ul
Ul-pattern model [Ul-pattern model [TUIC model Ul-pattern graph |Ul-pattern graph |Ul-pattern graph
TUIC symbols  [TUIC symbols  [TUIC symbols  [TUIC model TUIC model ITUIC model

& ITUIC model TUIC model Instructions Instructions Instructions Instructions

§ Instructions Instructions TUIC symbols  [TUIC symbols  [Pattern #3 & #9

8 |Pattern #3 Pattern #3, #9 & Pattern #3 Pattern #3

< |Matching TUIC [#8 -
components 2
listed on Ul- 2
pattern model i
Drawing TUIC  [Focus on TUIC |Poainting to Focus on Ul- Focus on TUIC [Focus on TUIC

»n |component model component on Ul |pattern model model model

S Focus on TUIC

3 symbols

<

Table A21.9 - Observation of case nine completing TUIC modelling exercise
In the first 4 minutes these students have already had time to create alist of CAP and
navigation symbols which they consider will be used to describe the Ul on the side of
the Ul-pattern model. They have also labelled the relevant components on the Ul with
the labels ‘overview’ and ‘details’. One student is adding a component to their model
while the other is examining the list of TUIC symbols. Both the Ul and Ul-pattern
model are prominent on the work surface. At ten minutes they appear to be matching a
component on their TUIC model with one on the Ul. At thispoint it is clear that these
students are creating an ordered list rather than a diagram for their TUIC model. By
thirteen minutes they have modelled the first interaction space and are completing the
second one. At seventeen minutes they have begun modelling the third interaction
space. The Ul, Ul-pattern model and TUIC symbols have remained in view throughout
the exercise. At twenty one minutes they are completing their models and had finished

by twenty-two minutes.

These students appeared to have used both the Ul and the Ul-pattern model to help
guide their modelling throughout the exercise. Their use of the patternsis not clear as
in most images these are not shown. They added domain-specific names to the

components as they devel oped the model.
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Figure A 21.9 - Ligting TUIC components on Ul-pattern model
It appears that these students did follow the proposed method for steps A through to E.

They recorded the CAP and navigation symbols shown in the diagramsiillustrating the
patterns on the Ul-pattern model as they examined each pattern and. They appear to
have identified which parts of the Ul these represented. Next they are seen till
studying the TUIC symbols as they start their modelling exercise. Rather than add
domain-specific labels as step F these students choose to use domain-specific names to

label components as they developed their models.
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A21.10 Case 10

4 mins 7 mins 10 mins 14 mins 18 mins 22 mins 26m
Ul Ul Ul Ul Ul Ul

« |Ul-pattern model |Ul-pattern model |Ul-pattern model |Ul-pattern model |Ul-pattern model |Ul-pattern model

‘g Pattern list Pattern list ITUIC model ITUIC model ITUIC model TUIC model

s [TUIC model TUIC model Drawing TUIC Focus on pattern |Pattern #19 Pattern #11

£ |Pattern #3 Instructions component Pattern #9 Pattern #11 Pattern #3

< Pattern #1 Pattern #8 Pattern #11 Pattern #6 Pattern #3 Pattern #6 B

Pattern #9 Pattern #3 Pattern #6 @

Focus on pattern [Focus on pattern |Focus on pattern [Focus on Ul- Focus on TUIC  [Focus on the Ul L%

«» [Focus on #8 11 pattern model model Pointing to TUIC

S linstructions Focus on Ul Focus on TUIC  [Drawing TUIC Pointing to TUIC [component on

5 [Pointing to the model model model diagram on [TUIC model

< |reference section pattern 19
pattern #3

Table A21.10 - Observation of caseten completing TUIC modelling exercise
The Ul-pattern model is placed at the top of the work surface while one student is
studying the reference section of Pattern 3 and the other appears to be checking out the
instructions in the first image. One student is studying Pattern 9 while the other student
is studying the Ul. The Ul-pattern model is still clearly visible between the students at
the top of the work surface and they have created the containing interaction space and
completed the first of the three main spaces making up their TUIC model after six
minutes has elapsed. By ten minutes they have started drawing the second interaction
space and are studying patterns nine and eleven. The Ul is now placed on top of and
over lapping the Ul-pattern model. They are completing the details of the second
interaction space at thirteen minutes and one student appears to be searching for the next
pattern to examine. At seventeen minutes the students appear to be considering how to
indicate on their TUIC model the good defaults pattern and one student appears to be
pointing to its TUIC model diagram. By twenty-two minutes the third interaction space

is being added with the Ul lying in a prominent position.

Figure A 21.10 - Most images clearly show TUIC model diagram on patterns being
consulted

These students appear to have initially concentrated on the Ul-pattern model and it was
visible throughout the exercise. But in the finishing stages the Ul seemed to be more

prominent. Their main focus though was on the TUIC model diagramsillustrating each
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of the patterns. They added domain-specific names to components as they devel oped
the model.

These students followed steps A through E of the proposed method. In the first image
the Ul-pattern model is prominent and they are studying the TUIC model diagram of
Pattern 3. In the second image the TUIC symbols can be seen between the students
beneath the TUIC model they are working on. As the students worked on steps C, D
and E they labelled components with Ul domain-specific names. It isnot clear what the
students did after completing the third interaction space and moving onto the next

exercise at the end.
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A21.11 Case 11
4 mins 7 mins 10 mins 14 mins 18 mins 22 mins 26m
Ul Ul Ul Ul Ul Ul
Ul-pattern model [Ul-pattern model |Ul-pattern model [UI-pattern model |Ul-pattern model [Ul-pattern model
& |Pattern list Pattern list TUIC model TUIC model TUIC model ITUIC model
§ TUIC model TUIC model Pattern #11 Pattern #9 Pattern #19 TUIC symbols
8 |Pattern #3 Instructions Pattern #9 Pattern #6 Pattern #11 Pattern #17
< |Pattern #1 Pattern #8 Patterns on Ul- [Pattern #13 Pattern #13 Pattern #19 ?
pattern model Pattern #6 ﬁ
marked E
Focus on pattern |[Focus on pattern [Focus on pattern |Focus on Ul- Focus on TUIC |Focus on TUIC
2 |Focus on Ul- on pattern #8 #11 pattern model model model
2 |pattern model Focus on Ul Focus on TUIC [Focus on TUIC |Pointing to Pointing to TUIC
2 Pointing to the model model pattern node on |component on
table on Ul Ul-pattern model [TUIC model

Table A21.11 - Observation of case eleven completing TUIC modelling exer cise
These students started work very quickly and by the time the first image was taken they
had already completed the framing interaction space as well as the first and third
interaction spaces on adraft copy of the TUIC model. They have shifted their attention
to the second interaction space and at seven minutes are studying Pattern 8. Both the Ul
and the Ul-pattern model are placed at the top of the work space between the students.
By ten minutes they had added the second interaction space and started on adding
details. They have marked the patterns they had used on the Ul-pattern model. At
fourteen minutes the students have not added any more detailsto their TUIC model and
they appear to be studying the relevant patterns. By eighteen minutes more details have
been added to their model and one student is captured pointing to a node on the Ul-
pattern model. At twenty-two minutes the draft model is complete and the students

appear to be reviewing their work before transferring it to the exercise worksheets.

The Ul-pattern model and pattern content appear to have been important to these
students athough the Ul was focussed on in the earlier stages. The patterns required at
any one time were scattered across the work surface so that several could be seen at one
time. A second pile of patterns, apparently not of current interest, can sometimes be
seen off to one side. These students labelled components with domain relevant names
asthey created their model.
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Figure A 21.11 — Partially TUIC model with the easier interaction spaces completed
Because these students started quickly there is no evidence as to whether they followed
steps A or B. They have followed steps C, D and E. They choose to do the easier
interaction spacesfirst, leaving the most complex till last. They added areview step at

the end.
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A21.12 Case 12
4 mins 8 mins 11 mins 14 mins 19 mins 23 mins 26 mins 29m
Ul Ul Ul ] ] Ul Ul
Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern Ul-pattern
o |model model model model model model model
g 'TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols [TUIC symbols
+ [Pattern list Pattern list Pattern list Pattern list Pattern list Pattern list Pattern list
L |Instructions  |Instructions  (Instructions  |Instructions  [Instructions  (Instructions  |Instructions
< ITUIC model  [TUIC model  [TUIC model  [TUIC model  [TUIC model  [TUIC model  [TUIC model
Pattern #3 Pattern #7 Pattern #7 & |Pattern #13, |Pattern #16 & |Pattern #16 & |Pattern #7 o
#6 #18 & #19 |4 4 2
Focus on Focus on Ul |Focus on Ul [Focus on Focus on Ul [Focus on Ul  |Drawing TUIC | =
pattern #3 Focus on Focus on patterns #13 & [Pointing to Drawing TUIC |component L
pattern #7 pattern #6 #19 solution component
2 Pointing to Drawing TUIC |Drawing TUIC [section on
2 component on |component component pattern #4
< TUIC symbols Pointing to
list TUIC
component on
[TUIC model

Table A21.12 - Observation of case twelve completing TUIC modelling exercise
These students are studying pattern content at four minutes. The Ul, Ul-pattern model
and TUIC symbols are placed in prominent positions on the work surface indicating that
they have been examined earlier. At eight minutesthe Ul is prominently placed
between the two students, with one student studying the TUIC model diagram on a
pattern and the second pointing to a symbol on the TUIC component list. Their model
shows the containing interaction space with the frames for the three interaction spaces.
The third space has been completed and they are adding details to the first one. One
student is focused on the TUIC model diagram of Pattern 7. By eleven minutes they are
adding details to the second interaction space. At fourteen minutes and nineteen
minutes the students are adding details to this interaction space and can be seen
consulting relevant patterns. The Ul is prominent between the students throughout this
period. At twenty-three minutesit is clear that the students have erased and changed
some parts of their model, apparently after reviewing their work. At twenty-six minutes
they are adding comments to their model and they have finished by twenty-nine minutes.

These students used the Ul to determine which
patterns they would examine next. In the earlier
images the students kept the patterns clipped
together in order and just turned to the pattern
they were studying. Once they began to model

the details of the second interaction space they

began to sort the patterns and had a number of ek
Figure A 21.12 - Flicking

relevant patterns spread across the work space. thraugh dlipped patterns
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It is assumed that these students at least partialy followed steps A and B before they
began creating their model. They followed steps C, D and E. They reviewed some
aspects of their model in the later stages of the exercise but apparently not names
because they used a mixture of generic and domain-specific names for TIUC component
labels.
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Appendix A22: Study Two — Exit Questionnaire

Responses

To ensure anonymity the comments have been amalgamated and sorted al phabetically.

A22.1 Ul-pattern Patterns

Justification for most useful pattern section

=
=
=

y

uuuly

s Judududuul

L L R

Another perspective (Problem context )

Basis of further design (Problem)

Can just follow the diagram it is easy reference can send directly to (next) pattern
tolook at (Diagram reference)

Could visually see textually understand what the pattern was and what scope it
could be implemented (Examples discussion reference )

Easier to understand and knowing to do next (Diagram reference)

Helped link up the different patterns (Context reference examples)

| could look at and recognise them (examples)

It gave us aquick reference point to be able to complete the desired tasks in
minimal timeframe (diagram)

It helped me understand the pattern (Discussion diagram )

It helped relate an unfamiliar concept to things commonly encountered (example)
It showed what it was about (name context )

It was good to see the pattern in use (Reference, examples)

Quick (diagram)

Quick to understand pattern (Examples)

So | can look at it and be able to recognise them (examples)

Very helpful (Diagram )

Visual aspects are clearer (Context, diagram )

Visual datais easy to understand (Diagram examples)

ustification for least useful pattern section

Can continue without discussion (Discussion )

Did not have time to read it and understand (discussion )

Didn’'t make alot of sense | couldn’t relate to the pattern (Forces)
Didn’t need to read it (discussion )

Just didn’t find it relevant (forces)

Might be away of reference (Diagram)

Not enough timeto read it (discussion )

The names were unclear without reading the description (name)
Time consuming (discussion )

Too hard to understand (Forces)

Too long (discussion)

Too long to read (discussion )

Too much information (discussion )
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Relevance of Diagram

Yes

VR

e udy

Z
(@]

=
=

Because it gave us avisual aid to what we were supposed to come up with
Gave you agenera idea

Helped visually picture how to implement

It gave us a quick reference point to be able to complete the desired tasks in
minimal timeframe

It gave you a general idea

It helps to visualise things

Kept on track

Once you understood gave basic overview of what looking for/at

Very limited

Visual clues

The diagrams alone doesn’t quite help to get the big picture of what its about
| read the context and looked at the examples only most times

General Comment

=
=
=

=
=
=

Funny and interesting

The examples and context and identifiers were the parts | focused on
Thelist of available patterns would have been easier to refer to if they were
grouped

The list with numbered reference was very good

Time was too short

Very interesting — need to learn more

A22.2 Ul-pattern modelling

Using the Ul patterns when creating the Ul-pattern model

L A R R R R

Actual activities help me remember

All information provided when knowledge lacking

Because | had no previous knowledge

Found it confusing as not enough time to look at all the info
Gave astandard and background knowledge for non-designers
Gave me a chance to use what knowledge | currently have
Good for remembering what detail needs to be specified

Good to see pattern examples

It alowed me to see awhole new world

Now | can reasonably create a Ul pattern model for other user interfaces
Showed examples

Too quickly done

The Ul-pattern modelling method

=

Interesting exercise once | had understood what needed to be done. Good
working with a partner.
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Like to do more

More time would be nice

Some people don’t know foreign language from the pattern can get the what is
talking or information

=  Thanksfor the exercise

U Ul

Steps in Method

Remove
=  Moreexplanation required

Modify

= STEPA —Moretime
=  STEP A —Need more time to become familiar

A22.3 TUIC Modelling

Using the Ul patterns when creating the TUIC model

=  Good to see pattern examples

= | can now reasonably be able to create a Ul conceptual model for other user
interfaces.

| used them

It clarified what knowledge we had attempted to do in the first exercise
Just provided a new way of doing Ul hence more knowledge on how to design
good UlI.

More of an understanding of what we were doing

Need understanding of patterns to understand how they fit together

Never done this before

Step by step referencing

vl

uuul

The TUIC model building method

= Very good tut and very useful.
=  Enjoyed doing the exercises

Steps in Method
No steps identified just two general comments

= It'sclear enough to understand too
=  Needed more explanation

A22.4 Communication with Partner

Patterns

= Ableto point to examples and compare physical evidence.

=  Another point of view

= Becauseit madeit easier to get the exercise done.

=  Becausethen | knew that he would know what | was talking about.
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L L A R AR R A

Can discuss issues and get other perspectives on choosing a pattern.
Common points of reference and other views to think about.
Explaining while answering.

Good reference.

Had difficulty understanding and taking in all the information.
It gave us a common point of reference.

It meant we had to discuss more to understand it.

It's hard to work by myself with a set time.

There were really good examples and related to the context.
They haveinsight into formal design methods.

They provided an example and related to the context.

Y ou actually have something rely on and get to talk about.
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A23.1 Ul-pattern Model Data

Participant  One Two  Three

Patterns valid 22 12 12
not valid 0 0 0

missed 2 7 8

Y%appropriate patterns
% potential patterns

Structure
- links appropriate
inappropriate
missed

100% 100% 100%
92% 63% 60%

20 11 10
1 0 0
0 0 1

% appropriate links
% potential links

95% 100% 100%
100% 100%  91%

overall score

97% 91% 88%

A23.2 TUIC Model Data

Participant

One Two Three

valid
not valid
missed

18 19 19
0 0 1
3 2 4

% appropriate TUIC components 100% 100%  95%

% potential TUIC components

general/unnamed
specific

86% 90% 83%

0 0 0
18 19 19

% appropriate labels 100% 100% 100%

nesting (4)

4 4 4

% potential nesting 100% 100% 100%

overall score

96% 98%  94%
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A23.3 Patterns Questionnaire

Participant| One | Two [Three
The information presented in these Ul patterns is quite clear. 1 0 0
These Ul patterns are helpful when modelling user interfaces. 1 1 1
Usually | found it straight forward to find which pattern to select next. 1 0 1
| enjoyed using these patterns to build a Ul pattern model of the user interface. 1 1 1
It was not difficult to find suitable patterns to model the user interface. 1 1 0
Most of the time | could locate the information | needed in these patterns. 1 1 1
The content described in these patterns is very informative. 1 1 1
The diagram helped me identify the essential parts of a pattern’s solution. 1 1 0
The patterns helped me focus when building the TUIC model 1 1 1
Itis rglatively easy to move from one pattern to the next one when selecting patterns to 1 0 1
describe a user interface.
| felt in command of these patterns when | used them to create the Ul-pattern model. 1 -1 1
Creating the TUIC model using TUIC components was relatively easy. 1 1 1
| liked using the Ul-patterns when | design a new user interface. 1 1 1
Creating the Ul-pattern model could be performed in a straight forward manner using 1 1 0
these Ul patterns.
The method for creating a TUIC model does not have too many steps 0 0 1
There is sufficient information in each pattern. 1 1 1
| enjoyed using these patterns when building the TUIC model. 1 1 1
The Ul patterns are easy to understand. 1 1 0
| found the pattern names clear 1 0 -1
The patterns selected to model the user interface described it quite well. 1 1 1
The organisation of the information in each of these patterns seems quite logical 1 1 0
Learning how to use these patterns was not difficult. 1 0 1
There are not too many steps required to create the Ul pattern model. 1 1 1
The set of patterns provided was adequate for modelling the Ul in the exercise. 1 1 1
It is easy to remember the information in these Ul patterns. 1 1 -1
The pattern names indicated each pattern’s intent. 1 0 1
Building the TUIC model could be performed in a straight forward manner using the Ul 1 1 1
patterns.
Creating the Ul-pattern model was easy 1 -1 0
The examples helped me understand the information in these Ul patterns. 1 1 1
The patterns helped me focus my thoughts when building the Ul-pattern model. 1 1 1
| can understand and act on the information provided in these patterns. 1 1 1
| could understand the diagram illustrating the solution. 1 1 0
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A23.4 Exit Questionnaire

Factor

Participant One

Participant Two

Participant Three

Developing a Ul-pattern Model Extremely helpful Very helpful Extremely helpful
Patterns guide TUIC modelling Extremely helpful | Extremely helpful | Extremely helpful
Suitability of TUIC modelling Extremely helpful Very helpful Very helpful
Patterns impact on communications Extremely helpful | Extremely helpful Helpful
Ul-pattern modelling on communications Extremely helpful Very helpful Extremely helpful
TUIC modelling on communications Very helpful Extremely helpful Very helpful
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Appendix A24: Study Three — Case Study
Descriptions

A24.1 Participant One

Participant One was completing a PhD in Engineering. Participant One was introduced
to Ul design and development in the undergraduate programme six and a half years ago.
Since then experience developing Uls has been associated with research projects. Ul
experience was self-rated by Participant One as being novice to average. Themain
approach to Ul design was through User Centered Design supported by Use Case
development and lo-fi prototyping. This participant had been introduced to Canonical
Abstract Prototyping as part of their degree programme and had been the subject of a
Ul-pattern modelling pilot study. They self-rated as not proficient in both these
modelling methods.

Participant One reported that the main tools used for Ul development were PowerPoint
for lo-fi prototyping and the visual toolbox components of the Delphi integrated

devel opment environment (IDE).

Ul-Pattern Modelling
Participant One took two hours and twenty-six minutes to complete the Ul-pattern

modelling session. Fifty-nine minutes were taken up by the demonstration and
subsequent familiarisation with the exemplar used in the workbook. Discussion
revolved around using the context and reference sections for selected patterns to locate

further patterns.

After studying the requirements documents for the exercise Participant One asked for
confirmation of the importance of the interaction spaces and actions lists. Ul-pattern
modelling took forty-six minutes. The two main discussion topics were first about how
patterns ‘ 08 Cascading collections’ and ‘07 - Collections beside Content’ represented
the interactions space ‘ Finding a Course’ and secondly about the types of datathat could
be represented using the patterns: ‘03 — Current Properties’, ‘04 - Information on Form’,
‘05 - Control Panel’ and ‘06 - Master with Details .

Participant One was very clear about how patterns were used as part of Ul-pattern
modelling saying “ The name because it gave us a quick reminder of what the patterns
was for (i.e. its purpose). The context and reference sections because we used these for
building the tree (upwards and downwards). The diagram and examples because they
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provided a quick way of understanding in what situations the pattern can be applied.”
The least useful were seen as “The Forces and Discussion sections because when you
become familiar with the patterns you don’t need to look at these anymore”. TUIC
model diagrams were rated very positively and were seen to help to “...more quickly
visualise the solution and decide whether the pattern was suitable or not”. They
suggested that a way to sort through patterns more easily would be helpful but did not

provide any suggestions as to how this might be accomplished.

Participant One considered the Ul-pattern modelling process was effective and that it
could be very helpful when modelling a complex Ul but considered it was time
consuming. They liked the way the patterns provided lots of suggestions on how a
problem could be solved and thought that creating the Ul-pattern model had the
potential to reduce later changes. In the final discussion they commented that modelling
from requirements was different from their experience in the earlier pilot where the
modelling was for an existing Ul.

The Ul-pattern model Participant One created scored ninety-seven percent, missing just
aminor details. They chose to use chains of patterns and did not model interaction
spaces for displaying a hotel room’sinformation, so that the room’ s identity would
remain visible and similarly the model for a client’ s reservation would not show the
client’s name as the different parts of the transaction were completed. They considered
using patterns and devel oping a Ul-pattern model when there are non-professionalsin a

Ul design team “would speed up the process of designing a good Ul”.

TUIC Modelling
It took Participant One an hour and thirty-three minutes to compl ete the third session.

The introduction and demo took twenty-eight minutes. They examined the patterns
used to guide the development of the example TUIC model and asked for explanations
of how anumber of the diagrams illustrating solutions translated to the devel oping
prototype; for example, how the TUIC model diagram for Pattern ‘13 — Tabular Set’
manifested itself in the TUIC model. The discussion covered the alternative diagrams
used to illustrate some patterns such as Pattern ‘12 — Choice from asmall set’” which
lead to an explanation of active materials. Participant One a so asked for an explanation
of how the representation for the * Current programme’ related to the chain of patterns

seen in the Ul-pattern model.
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Only two minutes were required for revising the requirements for the exercise and the
exemplar Ul-pattern model. Participant One took only eighteen minutes to complete the
TUIC model. During that process the discussion was mostly of the form where the
participant asked for confirmation of TUIC model diagram interpretations and their
inclusion in the TUIC model. At the end, they reviewed their TUIC model and made
the comment that the interaction space for “room selection” could be modelled by

including more table details.

Participant One identified the Name, Solution and associated Diagram as the most
useful sections of a pattern when completing the TUIC model and commented that the
other parts were not relevant to this activity. They considered the diagrams were very
helpful and commented “ because the patterns had the CAP symbols on the diagram |
didn’t need to try and remember what one | should use”. They also found the diagrams
helped visualise how to model the different parts of the prototype.

Participant One found the steps in the method quite wordy but did not put forward any
alternatives. The demonstration example was seen as being very helpful and the
suggested providing the example was most helpful. In the follow-up discussion they
made the comment that using the Ul-pattern model made TUIC Modelling much easier
than working directly from use cases. This non-pattern approach had been used as part
of aclass assignment four years earlier. Reponses to the Patterns Questionnaire were
very positive with no disagreements and only one undecided response that queried the
number of stepsin the TUIC Modelling method.

The TUIC model created from the exemplar Ul-pattern model provided scored ninety-
six percent (Appendix A29). Participant One did not add the detail for the table
representing the room selection list but recognised this had not been completed. TUIC
Modelling was rated as extremely helpful commenting it “allows you to more easily

discuss with and explain to others your ideas for how to design the Ul”.

Communication
Participant One thought using patterns with a Ul design team that included non-

professional members would be extremely helpful commenting “ Team members will
have a common terminology and can therefore more easily and quickly understand each
what other members mean. Team members can more easily point out why a solution

might be suitable or unsuitable, or more effective or not, by referring to a pattern.”
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They also rated Ul-pattern modelling as being extremely helpful in aiding
communication between al team members commenting that it would allow them to
“quickly see what the proposed interface will offer and can therefore more easily and
efficiently identify things that should be modified or things that are missing” making

“ communication easier and faster”.

Participant One rated using patterns and TUIC Modelling with non-professionals as
very helpful commenting that as a member of the design team it would be easier to
“Team members can more easily argue their point of view about modelling thingsin the
TUIC model when they have the Ul patterns solution (text and diagram) sections to help
support their argument”.
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A24.2 Participant Two

Participant Two is an information technology professional who is currently working on
maintaining and devel oping alarge departmental website. Participant Two has had
eighteen years experience with desktop application development. Participant Two self-
rating as an expert in Ul development reporting they are currently involved in Ul
development on adaily basis. The main approach is ad-hoc with a strong emphasis on
hi-fi prototyping using a variety of desktop based IDEsincluding: Visua Basic 6, 7 &
2000, FrontPage, DreamWeaver with Photoshop, MS Access, Visual Studio, Visual
Interdev and Expression Web. Participant Two had been introduced to Ul-patternsin
the early stages of this research but had not used them to create a new user interface
design. Follow-up discussion also identified familiarity with task modelling using Use

Cases.

Ul-Pattern Modelling
It took Participant Two only one hour thirty-seven minutes to compl ete the Ul-pattern

modelling session. A minimum of time was spent studying both the introduction to the
session and the requirements documentation for the exercise. The discussion associated
with the demonstration session focussed first on differentiating between patterns ‘08
Cascading collections and ‘07 - Collections beside Content’ and secondly on the chain
of patterns ‘03 — Current properties’ linked to ‘06 — Master with Details' linked to '10 —
Stack of Working Surfaces'.

Participant Two examined the exemplar Ul-pattern model and the associated Ul at the
start of the modelling exercise. Then the example illustrations were used to quickly,
sort out a set of patterns that related to visual components selected as suitable for
meeting the Ul specification. At this point they tried to link just these patterns together
without consulting either the reference or context sections of the patterns. The
researcher intervened and reviewed the example Ul-pattern model using a bottom-up
approach for linking patterns together. They made the comment that they had difficulty
conceptualising Ul ideas. A requested was made to help in linking the lower level

patterns so as to find a higher level or parent pattern.

Participant Two’s identification of the name, context and examples section as being the
most useful was consistent with the bottom-up approach taken to creating the Ul-pattern
model. The context section was identified as important for determining which patterns
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to consider next. The bulk of the text was identified as being the least useful, and a
verbally comment indicated they preferred using visual information. They did not think
the TUIC model diagram hel ped them identified the essential elements of the solution
commenting in relation to the text and diagram that they “required more figuring out
than images [ examples] did but provided essentially the same information”. Still
Participant Two liked using patterns saying “A great way of piecing together a

solution”.

Overall the experience of using patterns was positive, as gauged from responses to the
Patterns Questionnaire, with only negative responses to two statements. Participant
Two did not feel in command of the patterns when using them and did not find Ul-
pattern modelling easy. These responses confirmed statements made that
conceptualisation and abstract Ul modelling was difficult.

Participant Two did not suggest any modifications for the proposed method but did
suggest that an explanation on the difference between using it as a top-down approach
in comparison to using it as a bottom-up approach would be helpful. They saw the Ul-
pattern modelling as “a multi-dimensional map that allows and directs creation of a
solution specific to requirements’. They liked the flexibility of the method but
reiterated their personal difficulty with abstracting Ul ideas.

Participant Two created scored ninety-one percent but was still aminimalist Ul-pattern
model (Appendix A28). The main omission was not modelling the actions associated
with interaction spaces. The model for the transaction interaction space would not

enable the client’s name to be visible as the different parts of the transaction were
completed. They considered using patterns and devel oping a Ul-pattern model would
help non-professionalsin a Ul design team because “they are building an under standing
of the design process and logic which will also help them under stand when the final

product is different to anticipated solution”.

TUIC Modelling
Participant Two took one hour and thirty-four minutes to complete the TUIC modelling

session. At the beginning of the demonstration Participant Two examined the exemplar
Ul-pattern model carefully then watched and listened without interruption other than to
confirm their understanding of a particular point and to indicate that the demonstration

should continue.
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At the conclusion of the demonstration Participant Two took seven minutes to become
re-acquainted with the Ul requirements documentation for the exercise. At the
beginning of the TUIC modelling exercise the enclosing context space was quickly
drawn on the exercise sheet but then they asked for clarification on dealing with the
login process. Thisresulted in adiscussion of the appropriate Use Case and its
relationship to the exercise. TUIC Modelling resumed after ten minutes, interspersed
with a series of question to confirm actions or to clarify interpretation of the diagrams.
They initiated marking the Ul-pattern model by ticking patterns as they were added to
the prototype. Some time was taken up with discussing how to model a‘selection from
alist’ that could be organised as atable of values. The other major discussion covered
how to model chains of patterns. The demonstration exemplar was used to illustrate
how such chains could be dealt with. The researcher assisted by finding appropriate
patterns, when Participant Two tried to remember a diagram rather than re-checking it.
In total the TUIC model took Participant Two forty-two minutes to complete.

The Name, Solution and associated Diagram sections of a pattern were identified by
Participant Two as most useful when completing the TUIC model. They commented
that pattern names were the “key to whole exercise as they were on the Ul-pattern model”
and that for TUIC modelling the other sections were not relevant. Participant Two
recognised that the diagrams provided guidance for the prototyping process and that the
pattern model identified the relevant patterns and that the diagrams removed any

possible ambiguities.

Participant Two suggested that two versions of the detailed instructions for applying the
method were required. Participant Two thought Steps C and D could be amalgamated
for experienced Ul devel opers but recognised that those with less experienced may need
the level of detail in the current instructions. On the other hand Participant Two
considered Step E should be broken down into five smaller steps. About TUIC
Modelling Participant Two was very enthusiastic making the comment “This was the
fun part and made it easy to see how the Ul would come together”. The follow-up
discussion supported the written comment with Participant Two saying how really
enjoyable this session had been. The advantage of first devel oping the Ul-pattern model

was also acknowledged.

The TUIC model Participant Two created from the exemplar Ul-pattern model
(Appendix A29) provided scored ninety eight percent, and was just missing the
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comment associated with the four transaction spaces to indicate they must be
synchronised to the client’ s details for that period of occupation. Participant Two rated
TUIC Modelling as being very helpful commenting that it “bought together elements of
the big picture and identified the way forward”.

Communication
Participants Two rated using patterns as extremely helpful commenting “ Technical

peopl e often use technical terms, the patterns allows unfamiliar items to non-
professionals to be discussed. They can have input on what works for them’.
Participant Two rated Ul-pattern modelling as being very helpful in aiding
communication between design team members indicating that it would help ensure that
the Ul met the users' real needs. Participant Two considered that using patterns and Ul-
pattern modelling would help non-professionals to participate more fully in the design
process commenting “levels the playing field so everyone knows how the big picture

will come together”.

TUIC Modelling was rated by Participant Two as extremely helpful and similar
comments to those for Ul-pattern modelling were made. Participant Two saw the use of
patterns and both modelling techniques as bridging “the gap between technical and non
technical members meaning level of understanding is consistent between non-

professionals and professionals’.
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A24.3 Participant Three

Participant Threeis a professiona applications developer who is currently employed to
bring a research project system up to the standard required of acommercia product.
Thiswork includes the re-devel opment of the existing user interface. Participant Three
has had ten years IT experience mostly in Asiaand is a non-native English speaker.
Participant Three self rates as having average proficiency and as not being particularly
confident saying “My experience focussed on database applications. Interface
development to me was just for completing tasks for users’. The method they currently
use for Ul development was described as “ Under stand the user requirements; write
down most important tasks the Ul is expected to achieve; if problemis complex and |
have time, write use cases, implement most important tasks, test, if problemisfound to
be complex, consider redesign the interface and user interactions’. The Ul

devel opment techniques used were Use Cases and Rapid Application Devel opment.
Participant Three reported that they were not confident using lo-fi prototyping asin
their experience “I find the implementation is just totally different from theinitial
thoughtg/plan. | find it difficult to prototype the user interfaceif I’m not sure of the

details of the program [functionality] ”.

Other than tools associated with large databases systems, the IDEs with a visual
components toolbox, particularly the Delphi IDE integrated with Model Maker (CASE

design tool) and PowerBuilder.

Ul-Pattern Modelling
Participant Three completed the Ul-pattern modelling session in two hours and twenty-

two minutes. Fifty-three minutes were required for the demonstration and associated
discussion which focussed on interpreting the Ul-pattern model. The participant asked
many questions covering different aspects of both patterns and the model. The word
canonical generated some discussion. The discussion included looking at the reference
section for Pattern ' 03 - Current Properties’ along with the chain of patterns found in the

example Ul-pattern model starting with Pattern 03.

It took Participant Three nineteen minutes to study the requirements documentation for
the exercise followed by forty-eight minutes to complete the Ul-pattern modelling
exercise. At the start, some time was spent matching the Use Cases with associated
interaction space tables. When starting to select patterns many references to the
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exemplar Ul-pattern model were made and then selections were checked back to the
requirements document. The first attempt at creating a Ul-pattern model was upside
down but Participant Three self-corrected when asked to explain their model. At this
point, an explanation of the patternslist and the lists of numbers under each pattern’s
context and reference headings was asked for. The researcher used these lists to draw
part of the pattern map showing how the first few patterns were related to each other.
When choosing patterns from the reference section they sketched diagrams to clarify
their understanding of the patterns. Help was requested for how ‘ Room details’ and
‘Room History’ might be represented and how any selected patterns would be shown
linking to ’ 07 — Collection beside Content’. While working on selecting patterns
Participant Three said that “forces are the attributes of the problem” and this phrase was

also used in answering the Exit Questionnaire.

Participant Three's opinion was that the new user of patterns would probably find the
examples, context, problem and solution sections most useful but as experienceis
gained then the name, context and reference sections would be most useful. The Forces
and Discussion sections were identified as the least useful because considering the
problem and examining the examples provided enough information to be able to select
or reject a pattern. The TUIC model diagrams were not considered particularly helpful.
The examples were preferred. They said “1 tried to understand the solution by
examining the diagram but | found the diagrams for different patterns are presented
similarly so | cannot tell the difference of the diagrams instantly. But by viewing the
examples | can understand instantly.” Patterns were generally rated positively because
“The Ul pattern model suggests the most proper solution for a problem. Constructing a

Ul pattern model might reduce later changes to the final Ul.”

Ul-pattern modelling was rated as very good with the only suggestion being that the
detailed instructions could indicate better where repeats occurred. They considered
“Constructing an effective Ul pattern model would be useful especially helpful for a
complex system with lots of tasks’. Difficulty with abstraction was acknowledged
supporting the comment “some of the middle layer patterns which might be to complete

the link structure but that | think are unnecessary”.

The Ul-pattern model created scored eighty-eight percent, but lacked some low-level
details (Appendix A29). Neither room identification information nor a client’s name

would be visible when other information was accessed.
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TUIC Modelling
It took Participant Three one hour and thirty-three minutes to complete the TUIC

Modelling session. The introduction and demo took twenty-seven minutes. Participant
Three again asked about the meaning of ‘canonical’ and ‘interaction space’ then
remembered asking about these during the Ul-modelling session. More detailed
explanations of the three sets of symbols on the TUIC components sheet were requested.
At the end of the demonstration Participant Three browsed the diagramsillustrating
some of the patterns used in the exemplar and in discussion matched the exemplar TUIC
model to the associated Ul.

The Ul requirements documentation for the exercise was browsed for five minutes. The
Ul-pattern model and the associated TUIC model from the demonstration were then
arranged to be easily visible on the work area. The Ul-pattern model exemplar provided
to guide the exercise was reviewed before patterns representing the main interaction
spaces were selected for level two of the Ul-pattern model. They used the work area to
spread the patternsidentified by the Ul-pattern model so that the diagrams could be seen.
The patterns were occasionally turned over to check the examples. Explanations were
requested for the equivalent diagrams on patterns’ 12 — Choice from a Large Set’ and ‘6
- Master with Details'. When they went to redraw their prototype the researcher pointed
out that position was not significant athough nesting was. They used the comments on
the demonstration example as templates for the comments added to their TUIC model.
TUIC Modelling took twenty-six minutes.

While completing the relevant sections in the Exit Questionnaire they asked for
clarification of some questions and also reviewed patterns and relevant demonstration
examples before answering. The identifying Number, Name and Diagram were deemed
the most useful parts of a pattern when completing the TUIC model because “the Ul-
pattern model has already provided information of relationships between the different
parts, | didn’t need the context or reference sections’. Participant Three agreed that the
diagrams helped them locate the CAP and navigation symbols required for their TUIC
model rating the diagrams as being extremely helpful commenting “applying the
diagramsiillustrating the patternsidentified by the Ul-pattern model, | can construct the
TUIC model very easily”.

No modifications or omissions in the TUIC Modelling method were identified by
Participant Three.
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In the final discussion Participant Three asked why pattern 07 was named * Collection
beside Content’ rather than ‘List beside Content’. With reference to the examples from
Visio and Google Mapsiillustrating pattern 07, the discussion covered the ideas of
abstraction and conceptualisation.

Participant Three created a TUIC modd (Appendix A29) that scored ninety-four
percent. All that was missing was the detail for the table representing the room
selection list along with comments that the four transaction surfaces must be
synchronised to the client for the period of occupation and that only one of these
surfaces would be visible at any onetime. The TUIC Modelling was rated as being
very helpful because “it clarifies different problems and requirements and expresses

information (actions, materials, relationships etc) clearly”.

Communication
Using patternsto help non-professional members communicate better with other Ul

design team members was rated by Participant Three as only helpful commenting that
“the names of each pattern are not straight forward. They are somewhat abstract.” But
They did consider that using patterns and creating a Ul-pattern model would be an
extremely helpful process for teams comprised of both professionals and non-
professionals commenting “when deciding to pick a pattern, the team member has to
clarify the purpose of this action and the relationships with other decisions.” Their
overall response to using patterns as gauged from responses to the Patterns
Questionnaire was positive, responding negatively to only two statements. These
responses confirmed that the pattern names were not always clear for this participant

and information could be difficult to remember.

Participant Three considered using patterns and the Ul-pattern model to guide the
development of the TUIC model would be very helpful when working in a design team
consisting of both professional and non-professional members. The associated
comment was that “patterns organize the complex situation or problems clearly into a
whole as a Ul-pattern model so that all team members can communicate based on it as
they build the TUIC model” Finally, individual patterns were considered “easy to
understand” but a‘learning curve' to mastering the different modelling methods was

recognised.
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Appendix A25: Study Three — Exit Questionnaire

Responses

To ensure anonymity the comments have been amalgamated. The comments have been

reorganised for easier reading of associated ideas.

A25.1 Ul-pattern Modelling

Justification for most useful pattern section

=

=

Uy

The name because it gave us a quick reminder of what the patterns was for (i.e. its
purpose)

The context section allowed me to identify ‘where to from here’

The context and reference sections because we used these for building the tree
(upwards and downwards)

Images were confirmation that chosen pattern met requirements

The diagram and examples because they provided a quick way of understanding
in what situations the pattern can be applied.

If anew user of the patterns the problem, context, solution and examples are the
most useful. For amore experienced user name, context and reference are the
most useful

Justification for least useful pattern section

=

=

=

The solution section required more figuring out than images [examples] did but
provided essentially the same information

The forces and discussion sections because when you become familiar with the
patterns you don’t need to look at these anymore

Forces are the attributes of the problem, but by viewing the problem | can
understand it very well without reading forces, similarly for the discussion

The Ul-pattern model

=
=

=

=

=

The Ul pattern model suggests the most proper solution for a problem.

It isamulti-dimensional map that allows and directs creation of a solution specific
to requirements

Constructing an effective Ul pattern model would be useful especially helpful for
acomplex system with lots of tasks.

It can help you identify more effective ways of designing the Ul. But itisvery
time consuming to develop.

Constructing a Ul pattern model might reduce later changes to the final UI.

Using the Ul patterns when creating the Ul-pattern model

=
=
=

An easier way of flicking between the patterns would be nice

A great way of piecing together a solution

Some way to helping you become familiar with the patterns set more efficiently
and effectively at the beginning could be helpful so you can get started more
quickly
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= Ul pattern modelling can be confusing e.g. how to use some of the middie layer
patterns which might be to complete the link structure but that | think are
unnecessary.

The Ul-pattern modelling building method

=  Useful to know that thisis not a step-by-step process

=  Maybe some use of colour in the description of each step would help emphasis
particular parts

=  Themethod isvery good for constructing the Ul pattern model

A25.2 TUIC components

Justification for most useful pattern section

We used the name to find the pattern we wanted

By looking for Identifier-name, | can find the correct pattern.

Name was key to whole exercise as they were on the Ul-pattern model

Solution with the diagram showed how to present but also guided how next item
should be added to the TUIC modelling.

We used the diagram in the solution it helped us visualise how we would draw the
associated section of the TUIC model

The diagram identified the TUIC components needed for constructing the
different parts of the TUIC model

b v vl

U

Justification for least useful pattern section

=  Asthe Ul-pattern model has already provided information of relationships
between the different parts, | didn’t need the context or reference sections.

= Didn’t need to use other parts when constructing the TUIC model (not name,
solution or diagram)

=  The other items were useful creating the Ul-pattern model but not needed in
creating the TUIC model (not name, solution or diagram)

= | didn't need forces and discussion as they are too detailed but | sometimes used
the examples to check | understood the pattern.

The TUIC Modelling

= | think the TUIC model building method should be simplified becauseit is quite
wordy —maybe OK for a complicated and large exercise but too much for this
exercise.

=  Maybetwo sets of steps— one for experienced Ul developers and another for
inexperienced Ul designers

Using the Ul-pattern model to guide TUIC modelling

=  The patterns took away any ambiguity.

=  The Ul-pattern model already developed was very relevant

= | hadn’'t done CAP construction for along time (more than three years), so the
diagram section in the Ul patterns helped me visualise how | should model the
different parts of the TUIC model
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=

=
=

By applying the diagrams illustrating the patterns identified by the Ul-pattern
model, | can construct the TUIC model very easily

Diagram section of Ul patterns very helpful

Thiswas the fun part and made it easy to see how the Ul would come together

Usefulness of TUIC modelling for conceptual Ul modelling

=
=

=

=

Clarity — all came together for me.

TUIC modelling allows you to more easily discuss with and explain to others your
ideas for how to design the Ul

TUIC modelling bought together elements of the big picture and identified the
way forward

TUIC modelling is quite useful, as it clarifies different problems and requirements
and expresses information (actions, materials, relationships etc) clearly

A25.3 Opinion of TUIC model diagram illustrating

pattern solutions

After Ul-pattern modelling

=

=

TUIC model diagram required more figuring out than images [examples] did but
provided essentially the same information

| tried to understand the solution by examining the diagram but | found the
diagrams for different patterns are presented similarly so | cannot tell the
difference of the diagramsinstantly. But by viewing the examples| can
understand instantly.

Referring to the diagram helped me more quickly visualise the solution and decide
whether the pattern was suitable or not

After TUIC modelling

=
=

=

The TUIC components illustrating the solutions guided the process

Because the patterns had the CAP symbols on the diagram | didn’t need to try and
remember what one | should use

| can copy the most important symbol from the pattern (usually the upper-left
symbol in the diagram)

A25.4 Communication between Ul Design Team

Members

Patterns

=  Team memberswill have a common terminology and can therefore more easily
and quickly understand each what other members mean.

=  Technical people often use technica terms, the patterns allow items unfamiliar
items to non-professionalsto be discussed. They can have input on what works
for them

=  Team members can more easily point out why a solution might be suitable or

unsuitable, or more effective or not, by referring to a pattern.
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=

Might not be very helpful as the names of each pattern are not straight forward.
They are somewhat abstract.

Ul-Pattern Modelling

=
=

| think Ul-pattern modelling would make communication easier and faster
Communication will improve because when deciding to pick a pattern, the team
member has to clarify the purpose of this action and the rel ationships with other
decisions.

Because members of the Ul design team can more efficiently modify the user
interface plan, they won't have to draw and redraw paper prototypes.

Members can quickly see what the proposed interface will offer and can therefore
more easily and efficiently identify things that should be modified or things that
are missing.

Help to prevent the swing-type effect (a mismatch between what the user expects
and the Ul created)

Ul-pattern modelling levels the playing field so everyone knows how the big
picture is coming together

TUIC modelling

=

=
=

Team members can more easily argue their point of view about modelling things
in the TUIC model when they have the Ul patterns solution (text and diagram)
sections to help support their argument

The patterns organize the complex situation or problems clearly into awhole as a
Ul-pattern model so that all team members can communicate based on it as they
build the TUIC model

Brings clarity to the design process and means everyone is working from same
base point

| think TUIC modelling would speed up the process of designing a good Ul
Much easier to complete TUIC modelling using the Ul-pattern model as aplan
compared to when TUIC modelling from just the requirements

Assisting Non-professional Team members

=

=

Bridges the gap between technical and non technical members meaning level of
understanding is consistent between non-professionals and professionals.

For non-professionals they are building an understanding of the design process
and logic which will also help them understand why the final product is different
to anticipated solution

Patterns are easy to understand, but to get familiar with al of them isnot asimple
thing. Thereisalearning curveto get over before using these methods.



227

Appendix A26: Study Three - Observations of
Ul-pattern Modelling Sessions



A26.1

Participant One

form” best
Discussed pattern chains

Activity T'T“e Observations Queries Interventions
(mins)
Intro to 11 Subject spent a long time studying the overview,
session reading for meaning
Watch intently while | demonstrated building the| Asked for clarification of the role of the context
Demo 48 X X
exemplar Ul-pattern model and reference sections for selecting patterns.
Independently studied the exemplar
Confirmed which models were to be developed in
the session and that only the Ul-pattern model
Intro to S . . was to be created in this session.
. 23 Studied intro and exercise requirements ' . .
exercise Confirmed the importance of the Interaction
space and actions table in requirements
documentation
. N Asked how much detail required to model “staff
Selected 04 “information on a form” for -
e . - . details” as noted exemplar only used pattern 03
Ul-pattern modelling “staff details” chained it up to 03 . )
; 46 B W and considered pattern 04 “information on a
modelling current properties

Checked exemplar and made start for “Find a
room” by selecting pattern 08 “cascading
collections”

- self corrected and selected pattern 07
“collection beside content” as top of the sub-tree

Participant affirmed they were unsure about their
initial selection.

Drew subjects attention to the diagram for pattern
08 and asked how many lists involved in the
“Find a Room” space

Selected out a sub-set of patterns to represent
parts of the “Find a room” sub-tree into a
separate pile.

Tried to then draw the linked structure but had
trouble remembering what they had done in
selecting the subset of patterns.

Discussed pattern 07 “collection beside content”
reference list to determine best way to represent
“room details” and “occupancy history”.

Had long discussion of the type of data that
would be best represented by the three patterns
references by 03 — patterns 04, 05 and 06; using
the diagrams for comparisons.

Requested help as had forgotten why some
patterns had been selected
| went over the exemplar for find a course and
referred back to some of the subjects
verbalisations for selecting patterns in their pile.
| copied out patterns’ context lists for them so it
was easier to locate common parent patterns.

Added pattern 03 for top of transaction phase
and then chained to 04.

Found common parent for “Staff details”, “Find
room” and “Transaction phases” pattern 02
Reviewed model so far against interaction
spaces and actions table by pointing to the

different cells
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After quick referral to exemplar added pattern 14
“Convenient environment actions” for the
different sets of actions

Selected pattern 10 “Stack of working surfaces”
to group the four transaction phase sub-trees.

Discussed the presentation of the four phases
and asked whether copies of pattern 03 would be
suitable way of presenting these
Then discussed how to group these worked
through context patterns 02, 07 and 10

Very thorough. Stopped and thought for while

Asked for clarification of question 2 — least useful

Questionnaire 15 before answering each question set. of sections used or the ones just not used.
After 3 Commented that modelling from requirements
Questions different from modelling from an existing Ul.

146 2 hours 26 minutes
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A26.2 Participant Two

Activity

Time
(mins)

Observations

Queries

Interventions

Intro to session

8

Quickly looked at all artefacts then returned to
browse through the example requirements.
Paused on interaction spaces list

| pointed out list of attributes was for
completeness and this level of detail was not
going to be covered in this exercise.

Demo

25

Spent time examining Ul-pattern model for the
course registration system then asked for
explanations

Explanation why list of subjects not just part of
“collection-by-content” — difference between
pattern 08 “cascading collections” and pattern 07
“collection-by-content” — used examples of both
patterns
Explanation of how pattern 10 “stack of working
surfaces” used to model current program and
enrolment history. Asked for explanation of
parent chain of 03 to 06 to 10 and position of
student details.

Intro to exercise

Quickly browsed scenario and requirements use
cases

Queried the content of the 2 inventory tables —
discussed link between tables and use cases

Ul-pattern
modelling

42

Checked back to exemplar Ul-pattern model
before starting
Used examples extensively to select to consider
before checking the context and problem sections
Used a type of bottom-up approach identifying the
main interaction space and actions - then found a
pattern to match:
04 — staff details
13 - list of rooms
12 — select room
06 — students study program
Kept rest of set in ordered pile

Started drawing Ul-pattern model without regard to
the links defined in the context and reference

sections.
Selected 02 — high density and labelled it find
rooms
Linked patterns in a chain rather than a
tree/network

Discussed use of exemplar and how to
generalise from it -

| intervened
Reviewed exemplar’s top structure
Examined structure for list of courses and
course details
Examined sub-tree for List of courses

Started to redraw Ul-pattern model from 07

Subject reported that they had difficulty

Matched 07 collection beside detail to find room
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Selected 12 and 03 to represent next level down

conceptualising the grouping of Ul ideas And
requested help to link the patterns

| helped subject to layout patterns in hierarchy
and helped subject match context and reference
sections

Added details of 13 for and then 15 for selecting
room sub-tree
Then repeated for room details using reference
links successfully

[appear to make better choices when directed to
examine diagrams]

| explained how diagram was an abstract
interpretation of the examples as subject
seemed to fix on just one example when looking
at patterns. Discussed need to identify essential
aspects of a solution rather then rushing to
identify a toolbox component approach.

Subject selected 02 as root
Selected 10 to represented transaction space

| had to remind subject to check example
images to confirm choices and rejections

I helped subject to focus on context section to
link in staff details

[subject decided to stop and move on as they
had a two hour time constraint]

Questionnaire 12 Checked | knew what the SWING effect was
. Commented again that they found conceptual
After Questions s modelling and abstraction very difficult
.97 1 hour thirty-seven minutes
minutes
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A26.3 Participant Three

room list structure but reviewed each pattern
selected
Referred back to the exercise use case and
scenario before selecting pattern 12 “Choice
from a large set”

describing patterns — subject reviewed the
example to check explanation

Activity Tlme Observations Queries Interventions
(mins)
Explanation for term canonical — “Reduced to the
simplest and most significant form possible
without loss of generality”
Explanation of overview diagram for method
Explanation of how patterns could form a pattern | pointed out list of attributes was for
Intro to session 16 Tells me has had experience with use cases language completeness and this level of detail was not
Explanation of links between use cases, table of going to be covered in this exercise.
actions and interaction spaces
Explanation to confirm the structure of the Ul-
pattern language — higher and lower level
patterns
Much discussion on structure of the Ul-pattern Specific query on the role of pattern 14 —
model and how it linked together Convenient Environment Actions
Demo 37 Role of pattern 03 as ‘parent’ to 04, 05 and 06 —
After demo subject spent time reviewing the particularly chain of 03 to 04
exemplar and checked the meaning of patterns |We discussed the use of 04 for adding details for
13, 10 and 06 by browsing them modelling course details.
Intro to 19 Just read carefully — some checking of
exercise interaction table against use case
At start of modelling made many references to
the exemplar, then switched to using the list of
patterns.
When recording used pattern names and Asked for confirmation of how pattern 07
Ul-pattern numbers. . “Collection beside content” might be uged
modelling 48 Pattern matched to exemplar for modelling Asked about the problem/solution pairs

Subject began constructing the Ul-pattern
model upside down

| asked subject to explain their diagram

Subject self-corrected and

Asked for explanation of pattern list

| drew top levels of pattern language using
arrows to show context and reference links
complementing each other
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Selected pattern 07 “Collection beside Content”

to represent Find room. Subject drew sketches
of an example of tabbed spaces compared to
list representing “12 Choice from a large set”

Much discussion on how to represent the room

details and history and how to find link between

selecting a room and showing it as a reserved
room.

Asked about linking patterns up to a common
parent

Showed subject how to use context links and
together to find a common parent for the subtree
representing “Current programme” and the
“Student Details” by finding the common parent
06 then chaining back up to 03 and finally up to
02

When subject added link adding pattern 03 in
chain and linked to 07
Added in the “staff's details”, and linked back to
02 as common parent with “Find a room”.

Referred back to scenario to understand details
of reservation transaction
Began by adding pattern 14 at bottom of sub-
tree with pattern 10 “Stack of working surfaces”
Commented that the forces seemed to be
attributes of the problem.

Discussion of pattern 04 “Information on Form”

Subject confirmed choices with me. | copied
context list for both these patterns (14 & 10)
under each other so intersection is more easily
identified. | found the patterns from pile so
subject could review them and decide which
created the context for their solution

Referred to patterns list a couple of times when
answering method questions

Queried first question didn’t seem to understand
difference between sections used and those that

Questionnaire 23 Also examined exemplar Ul-pattern model were most useful.
Suggested that schematic for method should be| Asked why many arcs into pattern 15 but pattern
part of the questionnaire. 12 repeated in exemplar?
Discussed use of patterns in commercial
. settings. | referred subject to Yahoo site and
After Questions 2 also Tidwell’s book.
| mentioned cooperative systems research
.142 2 hours twenty-two minutes
minutes
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Appendix A27: Study Three — Observations of
TUIC Modelling Sessions



A27.1 Participant One

Activity

Time
(mins)

Observations

Queries

Interventions

Intro and demo

28

After studying the intro reading there were no
requests for an explanation

After demo examined Ul-pattern model exemplar
and asked about modelling a table with pattern
13

Matched the part of the TUIC model exemplar
represented by pattern 12 “Choice from a large
set” with pattern 14 “Tabular set” with the
diagrams in the patterns.

Asked about modelling the chain of patterns
representing the “Current programme” discussed
substitution by the lowest pattern in chain pattern
03 by pattern 11

Discussed use of labels on TUIC model diagram
for pattern 15 “convenient environment actions”

Asked about the alternative diagrams used in a
number of the patterns e.g. 8 and 12

I went through the TUIC components and
discussed active materials as shorthand for
combinations of the materials and tools
And then examined alternatives for 8 which
showed embedding of pattern 07 in one
alternative

Reviewed
Requirements

Very quick browse through documents and then
made the example and the Ul-pattern mode
prominent on the work surface

Discussed relevance of layout of the TUIC
components in the abstract prototype

/Abstract
prototyping

18

Started quickly to draw surrounding context
frame and referred back to requirements
documents to identify correct name.

Referred to the exemplar models as primary
source of information and only referred to the
patterns when unsure of details

Very brief discussion which was of the form of
confirming a match between the models and
TUIC model diagrams to pattern “this is — that”
form
Verbalising thoughts not requests for explanation

Subject worked from right/top to the bottom/left
through the modelling exercise leaving space for
adding details lower in Ul-pattern model

Extended model to include synchronising the
phases of the transaction
Went back and reviewed model
Made comment that could modify model for

“room selection” by including more table details
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and had not added more comments for pattern
15 “Pointer

Questionnaires

40

For TUIC questions asked for confirmation of the
role of the diagram in relationship to the solution.
Asked about communication question as wasn’t
sure if the implication was that the group would
have a complete Ul-pattern model available.
Confirmed development was by a group of
designers.

Discussion

At end made the comment that having the Ul-
pattern model made TUIC modelling much easier
than working directly from Use Cases as the
subject had had to do for part of a class
assignment about three years ago.

Note That course included a couple of lectures, a
paper covering the topic and an exemplar before
students set exercise to complete.

93 mins

1 hour 33 minutes
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A27.2 Participant Two

Activity

Time

Observations

Queries

Interventions

Intro and demo

(mins)

18

Examined Ul-pattern model for example
Watched and listened without interruption to
demo other than confirm understood and |
should proceed

Participant made an aside comment that they
preferred to learn by doing.

Reviewed
Requirements

Browsed requirements

| spent some time talking through Ul-pattern
model and related interaction spaces table
We reviewed prerequisites for the use case

IAbstract

10

Quickly started by drawing an enclosing context
and named

Asked for clarification of requirements to logon

“Register hotel room”

prototyping

32

Examined exemplar and then equated “Staff
details” with “Student details”
Added TUIC components labelled specifically
not generally

Confirmed match

Asked for clarification of level of detail required
for model

Asked if layout and size was significant

Showed exemplars at 3 different levels of detail
and indicated required level

Asked if could tick nodes off on given Ul-pattern
model

Encouraged

Had difficulty interpreting how to model pattern
13 “Choice from a large set”
Rubbed out first attempt and sort help

Discussed exemplar representation of “List of
courses using patterns 12 and 13
Compared two patterns (11 & 12) and discussed

Showed how to use chevron to represent
multiple rows in a table

Subject proceeded to add all sets of
environmental actions to diagram using specific
naming

Paused for some time apparently examining the
exemplar models and “pondering” my
explanation

Queried how to model sub-tree for selected room

— pattern chain 03-to-06
Explained that when encountering abstraction
chain like this normally the lower pattern in the
chain substitutes for the higher ones — compared
the requisite TUIC model diagrams illustrating
these patterns.

Completed modelling the “Find room” sub-tree
using many genetic TUIC components but using
specific naming.

Queried the diagram alternatives on pattern 10 -
explained

Started drawing context for “transaction phases”
Kept patterns in order

Intervened when observed subject trying to
model pattern 10 “Stack of Working Surfaces”
from memory found pattern 10 and suggested

they checked it out first

Completed transaction phase modelling

Once considered model complete did not review|

Noted that when subject asked questions used
pattern names and correct TUIC terminology

Prompted subject not to go into too much detalil
and they could consider adding comments and
labels to complete diagram

and did not complete ticking off nodes on the
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Ul-pattern model

Questionnaires 22
Subject enthusiastic about TUIC modelling said
Discussion 5 they really enjoyed doing this model and also
could now see advantage of the Ul-pattern
modelling
94 mins One hour thirty-four minutes
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A27.3 Participant Three

Activity

Time
(mins)

Observations

Queries

Interventions

Intro and demo

27

Read introductory section carefully
Re-examined patterns and TUIC component list

Asked about meaning of CAP and the word
canonical in particular.
Asked what an “interaction space” was —
remember on being given an explanation.
Asked for explanation of TUIC component
groupings particularly the meaning of materials.

Together matched symbol list to the exemplar
abstract prototype.

After demo re-examined TUIC model diagrams
illustrating pattern solutions.

Worked through meaning of pattern 4
“Information on a form” for modelling “Student
details” and compared level required with
detailed model in appendix.

Spent some time matching detailed Abstract
model with detailed required and the lo-fi
prototype.

Reviewed
Requirements

Quickly browsed document

/Abstract
prototyping

17

At beginning of exercise arranged example Ul-
pattern model and abstract prototype together
so they were easily visible.

Quickly reviewed Ul-pattern model for exercise
and started selecting patterns for top 2 levels

| located patterns asked for from the pattern pile.

Used tabletop to spread out required patterns so
could see diagrams with minimum overlapping.
On three occasions turned pattern over to check
the example image

Asked for interpretation of the active materials
symbols on TUIC components list.

Asked for explanation for equivalent TUIC model

diagrams on patterns 12 and 6.

| continued finding patterns as asked.
Interjected when subject going to redraw to
include stacked surfaces (10) at side and pointed
out that position is not significant and below the
main interaction space they had already
completed was perfectly valid. Reminded that
nesting was important.

Subject decided enough detail added and began
adding comments to diagram. used exemplar
rather than patterns to decide on wording

Queried how “search for room” results and
“transaction space” linked then added additional
comment to clarify.

Questionnaires

31

Spent a lot of time pondering the
communications questions before answering —
reviewed the patterns and exemplar abstract
prototype again before answering

Asked about meaning of first question — used
versus most useful
Asked for name of the “first” model created — Ul-
pattern model.
Asked for explanation of statement 11 phrase “I

felt in command of ...”
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Reported that they found some pattern names
very confusing — couldn’t see why used the term

Didn’'t seem to be able to abstract away from the
one implementation they preferred even when

Discussion 4 collection rather than list for pattern 07. And alternative examples from patterns where
thought should use tabs rather than stacked |presented as also being examples of a collection
surfaces, pattern 10 or stacking.
93 One hour and thirty-three minutes
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Appendix A28: Study Three — Ul-pattern Models

A28.1 Participant One
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Figurel - Participant One's selected patterns and links overlaying the pattern map
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A28.2 Participant Two
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A28.3 Participant Three
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Appendix A29: Study Three — TUIC Models

A29.1 Participant One
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Figure 6 — Participant One' s TUIC model overlying the exemplar
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A29.2 Participant Two
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Figure 7 —Participant Two's TUIC model overlying the exemplar
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A29.3 Participant Three
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Figure 8 — Participant Three's TUIC model overlying the exemplar






251

Appendix A30: Study Three - Exercise Protocol

Name:

Preparation

Introduction to the research
Participant asked to study information sheet

If participant agrees to take part in the research then:
*Complete ethics form

*Complete Background questionnaire

*Give pattern set to review

Date & time:

Introduction

Give subject a copy of the Introductory manual and discuss content
*Study introduction & Initial requirements

*Demonstrate creation of the Ul-pattern model

Discussion to clarify proposed methods and worked example

Ul-pattern modelling

Introduction to the design exercise
*Study the Hotel Reservation Requirements

*Subject creates Ul-pattern model

*Complete Ul-pattern modelling questionnaire
Ask for explanation of observed behaviours

*Participant given study material, patterns and CAP paper to read

Date & time:

TUIC modelling

*Review example requirements and example Ul-pattern model
* Demonstrate creation of an TUIC model
Discussion to clarify proposed methods and worked example

*Review requirements and introduce example Ul-pattern model
*Subject creates TUIC model

*Complete TUIC modelling questionnaire
*Complete Pattern questionnaire
Ask for explanation of observed behaviours

Thank participant

Ref #

1 mins
10 mins

2 mins
5 mins

(18 mins)

Place:

3 mins
25 mins
15 mins
5 mins

3 mins
30 mins

40 mins
10 mins

5 mins

(136 mins — 2hrs 16mins)

Place:

10 mins
15 mins
5 mins

10 mins
40 mins

10 mins
5 mins
10 mins
(205 mins — 1hr 45mins)
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Lists of required artefacts

Preparation

VVYVYVYVY

Information sheet

Ethics approval form

Background questionnaire

Patterns plus list and TUIC components

Copies of all documents so potential participants can examine them on
request

Introduction

>
>
>

Introductory manual (part 1)
Patterns plus list and TUIC components
CAP paper

U

pattern modelling

>
>

>

>
>

Hotel Reservation requirements for the modelling exercise.

Set of Ul Patterns with the list of the nineteen pattern names summarising
context and reference lists.

An identification sheet of canonical TUIC model components used to
illustrate the solutions in the patterns.

Paper, pencils and rubber for modelling.

Ul-pattern modelling questionnaire.

TUIC modelling

VVVYYVY

Introductory manual (part 2)

Ul-pattern model exemplar

Exercise.

Patterns.

Paper, pencils and rubber for modelling.
TUIC modelling questionnaire.

Patterns questionnaire

For Researcher — use reference number to identify observations

VVYYVY

Introductory manual — to annotate

Exercise — to annotate

Pattern list.

TUIC components

Paper, pencils and rubber for recording observations.
Protocol
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