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Abstract  
 

The focus of this research is to investigate the potential of user interface (UI) pattern 

languages in assisting students of Human Computer Interaction (HCI) to learn the 

principles of UI design. 

A graphical representation named a UI-pattern model was developed.  It arose from the 

evaluation of four existing pattern languages.  The UI-pattern model is an enhanced 

form of UI pattern list that represents a specific UI.  It was recognised that the UI-

pattern model has the potential to help students learn about pattern language structure.  

It was also realised that UI-pattern modelling can be used to incrementally improve 

pattern languages through the generative process proposed by Alexander (1979).  A UI 

pattern language Maturity Model (UMM) has been developed.  This model can be used 

by educators when selecting and/or modifying existing UI pattern languages so that they 

are more appropriate for student use.   

A method for developing detailed UI designs that utilises a UI pattern language has 

been developed with the aim of providing students with an ‘authentic’ real-world UI 

design experience, as envisaged by constructivist educational theory (Jonassen 1999).  

This UI 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 UI design experience. 

A series of studies investigated how HCI students used TUIPL to guide the 

development of UI-pattern models and canonical abstract prototypes.  The studies also 

ascertained the students’ views on using three different forms of UI 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 UI-pattern 

models and canonical abstract prototypes, and that patterns aided communication.  The 

learning outcomes were encouraging and students responded positively to using a UI 

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 (UI) 

pattern collection has had the same impact upon the UI design community although a 

number of well known collections are available on-line (Leacock et al. 2005, Tidwell 

1999, van Welie n.d.) 

UI patterns were rendered visible to the UI developer community when Jennifer 

Tidwell’s (1999) paper “Common Ground” became available on the web, although there 

are earlier references to UI patterns.  For example, Hooper (1986) compares UI design 

to architectural design and suggests that UI patterns could be a useful tool in 

disseminating UI design knowledge.  Beck and Cunningham (1987) published what is 

possibly the first UI pattern language consisting of five linked patterns for designing a 

windows-based interface.  Barfield et al. (1994) report on the development of a UI 

design degree program that includes a number of interrelated courses that have the study, 

creation and use of UI patterns at their core.   
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UI professionals recognised that UI patterns have the potential to guide UI development, 

for example as discussed at UI pattern workshops at CHI conferences (1997, 1999).  

Recently publications consisting mostly of UI-related pattern languages have appeared 

both as books (Borchers 2001a, van Duyne et al. 2003, Graham 2003, Schümmer 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 UI designers have investigated the integration of UI patterns into the UI 

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 UI patterns to be a central and integral component for 

model-driven UI design saying: 

). 

“UI 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 UI design 

principles.  Shneiderman (1998) identified three principles of UI Design.  Principle 1 is 

to recognise the diversity of humans who will be involved in using the UI, the diversity 

of UI 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 UI 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 UI pattern’s solution. 

UI patterns should provide a common language, a lingua franca (Erickson 2000), usable 

by all those with an interest in a UI design project.  As yet this goal has not been 

attained.  UI patterns have been reported to aid communication, for example between 

software engineers and UI designers (Borchers 2000, Acosta & Zambrano 2004), or 

between end users and developers (Dearden et al. 2002a, Guy 2003, Schümmer et al. 

2006, Schümmer & 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 UI 

patterns to guide UI design empowers both users and developers, allowing them to 

identify and evaluate solutions in areas where they lack expertise (Lukosch & 

Schümmer 2006).   

UI 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, 

p86) 

They concluded their review by identifying four important areas for future research: 

• Exploring appropriate ways to use pattern languages in design and education, 

• Finding ways to organise pattern languages in HCI, 
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• Exploring and improving the processes by which patterns are identified, recorded 

and reviewed, 

• 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 UI 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 Alexandrian1

“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). 

 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: 

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: 

                                                      
1 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).   
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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 UI Patterns  
About the time that UI 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 UI patterns would be helpful in aiding students learn 

about user interface design.  Barfield et al. (1994) proposed this use in their 

comprehensive UI design curriculum.  

Since that publication there is further evidence that introducing students to UI design 

patterns2

“three approaches to incorporating design patterns into teaching: teaching about 

pattern language, teaching through pattern language and discovering patterns” 

(ibid, abstract) 

 can improve the quality of their designs (Kotzé et al. 2006, Laakso et al. 2000, 

Koukouletsos 2009).  Borchers (2002) introduced students to UI patterns and reported 

that they thought that UI patterns helped them to understand how to complete their 

prototypes and better comprehend the UI design concepts they were applying.  Griffiths 

and Pemberton (2004) investigated different ways in which patterns might be used in an 

educational setting and identified: 

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

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

                                                      
2  Example UI 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 UI 

patterns.  Koukouletsos et al. (2009) developed a short course introducing students to 

using UI 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 UI patterns to introduce students to conceptual UI modelling.  

Barfield et al. (1994) provide the most complete description of the pattern-guided UI 

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 UI pattern language.  To teach about UI pattern 

languages it is necessary for the educator to understand them.  Secondly, the research 

goal is based on the assumption that UI patterns are a suitable tool to use with students; 

to learn about UI patterns and UI pattern languages, and to learn UI concepts through 

using patterns.  Thirdly, there is the implication that a method exists which enables UI 

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 UI-pattern language?  
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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, Schümmer 

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 UI pattern language when 

used for teaching student UI designers? 

To answer this question, students’ preferences, learning behaviour and performance 

using alternative forms of UI pattern within a pattern language structure need to be 

evaluated.  A conceptual UI design model diagram is required that will help students 

focus on the essential elements of a UI 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 UI 

patterns include a form of abstract sketchable diagram to help a user create a conceptual 

UI 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 UI 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 UI patterns, thereby 

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

Question Three: How can student UI designers be successfully guided in the use of 

a UI pattern language for developing conceptual UI 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 UI pattern 

collection to represent a new user interface before developing their knowledge of UI 

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 UI 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 UI-pattern model.  This is recognised as having potential for helping 

students understand UI pattern language structure.  The investigation into the structure 

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

The pattern-guided UI design method is presented as a way to provide students with an 

authentic UI 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 

UI 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 UI pattern language 

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

The aim of Study Two is to ‘Explore the use of a UI-pattern language in the creation of 

conceptual UI models by student UI 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 UI modelling 

method and the instructional artefacts.  A pattern-guided UI design method is proposed.  

It is used to introduce the students to UI-pattern models in the first two studies.   
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The aim of Study Three is to explore whether the proposed UI-pattern guided design 

method will provide students with an authentic UI design experience.  A study using 

three UI design professionals investigates whether they can successfully use the 

proposed method to create models for a new UI 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 UI pattern 

languages.  Chapter Five presents relevant educational issues and introduces the UI 

design method.   

 
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 UI 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 UI 

design using UI patterns and UI pattern languages.  The chapter begins with an 
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introduction to the use of patterns in UI design and goes on to summarise the literature 

about using UI patterns and pattern languages in HCI education.  The potential benefits 

of using UI patterns are identified.  The second half of the chapter considers issues that 

need to be addressed when using UI pattern languages as a guide to Teaching UI 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 UI 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 UI 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 UI 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 UI-pattern modelling technique.  This is recognised as a 

potential method to scaffold students’ learning about the structure of UI pattern 

languages.   

Chapter Five introduces a model-driven pattern-language-guided UI design framework 

specifically oriented to introducing the students to UI patterns and pattern languages, 

and using them to build UI conceptual models.  The methods from the framework were 

designed to provide students with an authentic UI 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 UI 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 UI 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 UI design method.  This 

exploratory investigation aims to discover whether students can learn to use canonical 

abstract prototyping components with navigation components to create UI 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 

UI design team follow.  Next, their opinions of UI-patterns as aids to UI 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 UI pattern languages.  The chapter concludes 

by identifying areas for future research.   
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Chapter 2: Literature Review - Pattern 
Languages and Teaching UI 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 UI pattern language.   

After an introduction to relevant literature covering UI patterns and their use by UI 

developers in designing UI, 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 UI 

pattern language that is oriented to teaching the principles and practice of user interface 

design.  Issues of concern include the form and content of UI 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 UI design teaching are proposed. 

2.1 Patterns and Pattern Languages in UI Design 
There is a growing interest in the different kinds of patterns associated with UI 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 UI 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 UI 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 UI 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 

UI 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 UI patterns fall into this category (e.g. Tidwell 

1999, 2006, van Duyne et al. 2003, van Welie & Klaassen 2004, Schümmer & 

Lukosch 2007). 

2. Process patterns which describe UI 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 & Hübscher 2002, 

Garzotto et al. 2004).   

The UI 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 UI 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 

UI pattern form. 
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2.1.1 UI Pattern Forms 
Henninger and Corrêa (2007) surveyed over 2000 patterns related to software 

development accessible via the web.  They identified fourteen collections of UI 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 UI patterns. 

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

Although UI 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 UI 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 UI Patterns in Design 
A number of studies have investigated the use of patterns as part of the UI design 

process.  The participants in these studies were portrayed as potential participants in UI 

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 UI 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 UI patterns were written for designers using language with which an 

experienced UI 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, 

p108).  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 I 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 UI patterns compared to UI 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 UI 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 UI 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 & Corrêa, 2007) they recommend 

that all useful patterns from the various collections be gathered into a common UI 

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 UI 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 UI design ideas. 
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Table 2.2 - Summary of UI design oriented studies involving UI patterns 
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Lin and Landay (2008) carried out a within-subjects study that investigated the use of 

patterns by forty-four UI professional designers in early-stage design of cross-device 

interfaces.  This study was focussed on Damask, a tool for early stage UI design which 

has UI patterns embedded as part of the toolbox available to designers.  The participants 

rated the patterns as useful.  The design of UIs for desktops and Smartphones created by 

the patterns group were rated higher than those of the control group.  The patterns 

describing the voice UI 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 UI pattern 

language that had been specifically developed for an organisation, with the aim of 

improving standardisation of UIs for new e-Government applications.  The organisation 

encouraged employees to use this pattern language to assist all members of the design 

team understand UI 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 UI 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 UI 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 UI Design Methods 
Authors who have contributed regularly to the UI 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, Schümmer & 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 UI 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 (Schümmer & Slagter 2004, Schümmer & 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 

(Schümmer & Lukosch 2007) which have links to existing collections of UI patterns 

(e.g. Graham 2003, van Duyne et al. 2003, Tidwell 2006, van Welie accessed 2007). 

Seffah and Gaffer (2007) proposed a model-driven UI design method that is guided by a 

set of patterns for different levels of UI design.  This pattern-driven model-based UI 

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 UI 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.  UI 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 UI design solutions which could be 

created from it for the project. 

2.2 Patterns in UI 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 

UI patterns as part of UI 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 UI patterns would be helpful in aiding students learn 

about user interface design.  The use of patterns to successfully teach new UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI web design or UI 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 UI 

patterns. 
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Table 2.3 - Comparison of teaching oriented studies involving UI patterns 
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The experiences reported above and summarised in Table 2.3, indicate that encouraging 

students to consult a set of UI patterns may improve their understanding of UI 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 UI 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 UI Patterns 
Seffah (2003) identified UI requirements gathering via patterns and guidelines as a 

specific skill required by students studying UI 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 UI design pattern languages.   

The most comprehensive discussion of how to introduce students to UI 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 UI 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 UI patterns.  Unfortunately, in more general computer science 

and information technology curricula, UI 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 UI patterns 

focussed on usability of Web sites.  This may be more appropriate, although considering 

the breadth of material required by most UI curricula this too may be considered too 

comprehensive a focus on UI patterns.   

None of the studies discuss the UI 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 UI patterns for guiding the development of any form of UI 

conceptual modelling, as described in the pattern-driven model-based UI 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 

UI 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 UI 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 UI 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 UI design reported in the general UI patterns 

literature (e.g. Erickson 2000, Granlund et al. 2001) would appear to be similar for both 

UI 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 UI 

design methods (Seffah & Gaffer, 2007).  Introducing students to UI patterns has the 

following potential benefits:  

1. Help students process the knowledge more effectively because patterns organise UI 

design knowledge into chunks (Clancy & Linn 1999, van Biljon et al. 2004, Kotzé 

et al. 2008).  Patterns encapsulate best-practice UI design and UI 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 UI pattern language is effectively a meta-language from which project-



32 

 

specific pattern languages can be produced (Erickson, 2000, Todd, 2004).  Selected 

patterns representing a UI design can be instantiated to the design’s domain. 

4. Help students retain the UI design principles contained within UI patterns (Borchers 

2002, Seffah 2003, Koukouletsos et al. 2009, Granlund et al. 2001, Kotzé et al. 

2006). 

5. Help students to develop better quality UI designs (Laakso et al. 2000, Griffiths & 

Pemberton 2004, Kotzé et al. 2006, Segerstahl & Jokela 2006, Wania 2008, 

Koukouletsos 2008, Mahemoff & Johnston 1998). 

6. Help the average student more quickly learn and apply UI design principles (Laakso 

et al. 2000, Kolfschoten et al. 2010). 

7. Help students develop UI designs for unfamiliar domains (Chung et al. 2004, 

Saponas et al. 2006, Koukouletsos et al. 2009). 

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

9. 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).  

10.  Help focus the discussion of students working in teams on relevant UI 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). 

11. Aid student understanding of UI 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). 

12. Make the UI 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). 

13. Help students develop projects incrementally because patterns aid piecemeal UI 

development (Bayle et al. 1998, Erickson, 2000, Dearden and Finlay 2006, 

Schümmer and Slagter 2004).  
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14. Help students create quality documentation because patterns can enhance the 

documentation of completed UI 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 UI patterns and UI 

pattern languages include: 

1. Assimilating the information in UI 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 UI patterns without 

consulting the accompanying text (Dearden et al. 2002, Finlay et al. 2002, 

Koukouletsos et al. 2009). 

3. A UI 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 UI 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 UI 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 UI 

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 UI pattern languages to students 

seem to outweigh any potential problems.  Educators need to ensure that issues 

identified above are addressed when introducing students to UI patterns and using a UI 

pattern language.  
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2.3 A Pattern Language for Teaching UI Design 
To improve the learning experience for UI 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 UI pattern language based on 

existing UI 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 UI patterns.  Both types of illustration are discussed in more depth in 

the following sections. 

2.3.1.1 Illustrating 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 UI 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 UI 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 UI types.  The comprehensive pattern collection of Schümmer 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 Schümmer 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 UI 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 UI pattern.  

Another approach to this problem can be seen in some of the UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI feature represents.   

According to de Paula and Barbosa (2003), for many UI 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 UI 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 UI design.  In a teaching pattern 

language all aspects of UI design need to be sketched, preferably with a consistent 

minimal symbol set. 

The UI patterns Bernhaupt et al. (2009) developed relate to different stages of the 

development cycle in the UI 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 UI 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 UI 

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 UI patterns.  These 

could be sketched manually, or optionally semi-automated using software such as 

Interface Architect (Phillips & Joe, 2005) or CanonSketch (Campos & Nunes, 2004).   

 
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 UI 

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 UI 

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 UI 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.  

UI design professionals and students both have problems using existing UI 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 (PLMLx) 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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Figure 2.2 - Borchers’ HCI language maps 

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

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).   

 
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).  

Schümmer (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 UI pattern languages 

in an educational setting.  The basic relationships that would be expected to occur in 

most UI pattern languages are those defined at the CHI 2003 workshop.  A rich UI 

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 UI pattern languages. 

2.3.3.2 Tools for Managing UI 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 UI 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 UI 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 

UI 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 UI design exercises but UI 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 UI 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 UI 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 UI 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 UI 

pattern languages as a teaching tool.  A number of studies (Table 2.3) report experiences 

of using UI patterns with students.  Some UI 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 UI 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 UI 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 UI 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 UI design principles, and assisting them to bridge the 

gap between abstract and physical UI 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 UI 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 Kotzé 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 UI knowledge contained in pattern form for 

students.  Investigations are needed to identify those sections of UI patterns that 

students find most useful, and both how and where to define the relationships linking 

patterns into a pattern language.   

In using UI patterns the intention is not to introduce students to a corpus of solutions but 

to assist them in understanding the underlying UI design principles.  To attain this aim 

both the structure of the individual patterns and the pattern language used, need to be 



Chapter 2: Literature Review - Pattern Languages and Teaching UI Design   47 

 

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 UI design.  In the context of teaching 

UI 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: 

• Pattern names and the vocabulary used within a pattern, 

• Pattern content order, 

• Illustrations 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 UI Pattern Languages 
Mullet (2002) has identified the organisation of a pattern collection as a major problem 

when using patterns to guide UI 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 UI design students to working with a collection of patterns 

(Dearden et al. 2002a, b, Wesson & Cowley 2003, Kotzé et al. 2006, Koukouletsos 

2008).  

 
Figure 3.1 - Process followed for this investigation 

The participants in the CHI2002 UI patterns workshop (McInerney 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 UI 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 UI pattern 

language is proposed. 

3.1 UI 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 UI 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 UI 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 UI 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) 

 
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 UI pattern language hierarchy.  A UI 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 UI 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, UI design professionals and the users 

who will work with the resulting system.  A third group is students or trainees of UI 

design.  According to Salingaros (2000) if a pattern language has external validity then 

the reader should recognise this if they:  

• Approach the language from the bottom-up, 

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

large in a natural progression, 

• 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 UI domain.  In more pragmatic 

terms external validation can be discussed in the terms identified by the CHI2002 

workshop participants (McInerney, 2002) as suitable for evaluating a pattern language: 

breadth, depth, applicability, clarity and convenience.   

Using a UI pattern language that has proven external validity to guide UI design is more 

likely to result in a UI 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 UI 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 



54 

 

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 UI pattern collection the UI designer should get an indication of the 
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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 UI 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 UI patterns from a Collection 
To develop a better understanding of the internal structure of UI 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 UIs.  From the literature a number of 

different UI 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 UI 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 UIs.  
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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.   

 
Table 3.2 - Tidwell’s (1998) set of UI 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 UI being 

modelled.  The approach suggests working down through the questions, selecting 

patterns for each one, to describe the UI 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 UI 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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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 UI.  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) 

 
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 UI 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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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 UI 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, I6 & 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 UI 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 UI 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 UI 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 UI. 

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 UI 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 UI 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 UI 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. 

http://www.welie.com/patterns/�
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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) 

 
Figure 3.7 – Graph of links for the WEB collection showing all links identified  

(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 UI 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 UI 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.   

 

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.   

 
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 ‘Identity’ 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’ UI components.  An example e-commerce 

web-site UI 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 UI as one that could be personalised.  The seventeen patterns in the 

‘Shopping’ hierarchy describe a shopping experience view. 

3.5.4 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’. 

 
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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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, Kotzé 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.  UI 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: UI 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 

structure of a pattern language. 

 
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 UI has been defined and named a UI-pattern model.  A discussion 

follows proposing that building these models can be used as a generative process for 

advancing a UI pattern language’s structure.  A short review of maturity models follows 

which leads to the description of the proposed UI 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 UI Pattern Language Structure 
Assuming that the four UI 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 UI 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 UI 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).  Schümmer 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 UI 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 UI 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 CHI2002 (McInerney 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 UI design with different degrees of abstraction (Seffah & Forbrig 2002, Märtin 

& Roski 2007). 
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Different UI pattern collections cover different areas of UI design.  Schümmer 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 UI pattern languages discussed above, hierarchies could range 

from three levels to a maximum of twelve levels of granularity.  The UI 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 UI 

should be created.  This example should demonstrate that descriptions of the UI 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 UI 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 UI 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 UI.  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.  UI 

patterns exist that focus on different dimensions of UI 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 A1.  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 A1.  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-seven3

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?   

: Can the patterns be organised using different classification categories 

thereby providing alternative views? 

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: 

• Providing a way to describe a UI or part of it from a particular focus such as 

navigation or usability, 

• Being a subset of the patterns that describe a UI and organised into a hierarchy, 

• 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 UI 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 UI needs to be developed to demonstrate 

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

The methods for selecting patterns that describe a UI 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 UI.  

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 UI. 

2. Identify 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 UI using the selected patterns better than a list of selected patterns. 

4.2.1 UI-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 ‘UI-pattern model’ and a full description of how it 

was constructed can be found in Appendix A2. 

A UI 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 UI.  The UI pattern model forms a meta-

language for a UI (Erickson 2000) describing the UI at different levels of abstraction.  It 

is a UI 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 UI-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 UI with dotted lines representing 

relationships interlocking the two hierarchies 

Figure 4.2 shows the start of building a UI-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 UI by 

placing the pattern identifying numbers (Ids) near the parts of the UI 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 UI. 

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 UI-pattern model.  They are:    
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1. 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’. 

2. 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.   

3. Amended links.  Both patterns 34 and 35 are linked to pattern 18 ‘Short 

Description’, but the actual behaviour observed in the UI ‘Outlook Today view’ 

shows the lists representing the Calendar, Tasks and Messages should be linked to 

pattern 17 ‘Pointer shows affordance’.  

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

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

the UI.  The completed UI-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 UI-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 UI-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 UI-pattern model to 

provide a complete description of the UI can subsequently be used to update the pattern 

language.  

4.2.2 UI-Pattern Modelling as a Generative Process 
A number of authors (Chung et al. 2004, Lewis et al. 2004, Märtin & 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 aIRPlane 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 aIRPlane pattern language.   

Märtin 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 



Chapter 4: UI Pattern Language Maturity Model  89 

 

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 UI-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 UI designs, 

• The development from one pattern language of many sequences of patterns 

representing different UIs, 

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

• From each pattern sequence many instances of physical UI designs can be 

generated. 

The development of the UI-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 Märtin 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 UI-pattern model for the Outlook Today UI 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 UI-pattern model provides an enhanced graphical representation of the 

pattern sequence and is a meta-language from which many physical UI designs can be 

generated.   

4.2.3 Advantages of the UI-pattern Model 
The UI-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 UI 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 UI-pattern model are: 

1. The UI-pattern model is a visual presentation of the patterns describing a UI.   

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

granularity  

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

identified. 

4. The UI-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 UI developer through the UI design process. 

6. The results from developing UI-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 UI-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 UI-pattern model.  For an educator this approach 

also has the advantage that students can work with examples of real UIs, rather than just 

abstract ideas when being introduced to a UI 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 III & 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 UI Pattern Language Maturity Model 
Updating the set of tests proposed for evaluating the primary and secondary structures 

of a UI 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 UI 

pattern languages.  

The basic set of tools and techniques for the proposed UI 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 A1).  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 
Level 

Validation 
Map Hierarchy Abstraction Match Complexity Richness Views 

Immature 
(0) 

None 
Minimal 
<50% 

None 
Minimal 

None  
Minimal 

None 
Minimal 
<20% 

None / 
Minimal <5% None None 

Partially 
mature 

(1) 

Possibly /  
Developing 

<70% 

Possibly / 
Developing 

Possibly/ 
Developing 

Developing 
<=50% 
match 

Possibly / 
Developing 

<25% 

Possibly / 
Developing 

<10% 

Possibly / 
Developing 

1  
Moderately 
mature 

(2) 
Developed 

<90% 
Developed 

2 levels Developed Developed 
>50% match 

Developed 
<35% 

Developed 
<20% 

Developed  
2  

Fully 
mature 

(3) 
>=90% >=3 levels Modelled  Matched 

>=80%  
Complex  
>=35% 

Rich  
>=20% 

Views  
>2 

Table 4.1 – Maturity level goals for each UI 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 A1.  The goals of the four attributes that define the primary 

structure of a UI 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 UI pattern 

language is internally valid.  

Ranking Method 

A single value by which UI 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 UI 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 UI 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 UI 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 UI from one level of maturity up to the next is 

through UI-pattern modelling.  Developing UI-pattern models for UIs as part of the UI 
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development process over time will identify deficiencies in a UI 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 UI-pattern Language Maturity Model 
The proposal for the UMM has been used to evaluate the five UI 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.   

 
Figure 4.4 – Graph of maturity ranking for each of the UI pattern languages analysed 
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The goals reached by each UI 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 UI pattern languages analysed can yet be rated as fully mature and the GUI 

language is very immature. 

For each level in the proposed UI 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 UI pattern language 

characteristics.  The first research question is wholly concerned with characterising a UI 

pattern language and is discussed below:  

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

This investigation resulted in the development of four questions to use for evaluating 

the internal validity of a UI 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 UI from a specific point of view. 

Together these attributes characterise any collection of UI 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 UI 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 UI 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 UI 

design through patterns languages (Griffiths & Pemberton 2004), probably requires a UI 

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 UI 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 UI 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 UI-pattern language maturity model (UMM).  As UMM matures how to 

characterise a UI 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 UI-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 UI-pattern 

model forms a meta-language which can describe many physical UI designs.  The 

process of revising a pattern language by building a UI-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 UI Patterns 
and UI Pattern Languages 

The literature review (Chapter 2) identified issues that need further research to 

determine whether student learning can be improved when using UI 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 UI pattern language be characterised?”).  Understanding the 

characteristics of a well structured pattern language guided the investigation into the 

structure of a number of existing UI-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 UI pattern 

languages.  

 
Figure 5.1 - Chapter overview 

To identify the characteristics of existing UI pattern languages the investigation 

explored different ways of using the UI-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 UI design.  The literature review 

indentified problems both students and novice UI designers have with using UI 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 UI 



100 

 

designersr be successfully guided in the use of a UI pattern language for developing 

conceptual UI 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 UI-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 UI design using the UI-pattern model 

is proposed.  As part of this development a set of patterns modified specifically for 

introducing students to pattern-guided UI 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 UI 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, Schümmer & Lukosch 2007) make reference to 

pattern-guided UI design methods.  Only one method, Seffah and Gaffer’s (2007) 

pattern-driven model-based UI development framework (PD-MBUI), provides guidance 
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on how to use the information in UI patterns to create a conceptual model of the 

required UI.  This UI 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 UI 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 UI designers who will use many 

of the solutions captured in UI design patterns (Wania 2008).  Experienced designers 

need only to access UI design patterns for helping solve unfamiliar problems when they 

are encountered.  In general, students are not UI design professionals so do not have a 

body of knowledge enabling them to access easily the knowledge encapsulated within 

UI design patterns.  Taking an extreme stance, everything will be a new problem for 

students or trainee UI designers.  They need more guidance in how to use patterns 

effectively.   

This observation raises the issue of the type of guidance student UI designers need.  

Providing guidance can be seen as a form of tutoring or coaching.  The problem of UI 

design is that it is a creative activity where the required UI is often incompletely 

specified and even when well-specified the requirements usually change during the 

design process.  From the students’ perspective, UI design could certainly be classified 

as an ‘ill-structured’ or ‘messy’ problem (Wood & Wood 1996).  UI design exhibits the 

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

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

frequently conflicting. 

2. There will be many potential UI solutions that could be designed to conform with 

the specification. 

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

4. There is uncertainty about which UI knowledge should be selected for solving a UI 

design problem.  Even when using a tool such as a UI pattern language, that 

knowledge will normally need re-organising and/or modifying to become useful for 

a specific UI design problem. 
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5. Although applying usability rules or principles should improve a design, predicting 

the outcome of UI designs requires thorough testing with at least a low-fidelity 

prototype (a physical model). 

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

and be able to justify their decisions. 

Ill-structured problems are central to the constructivist learning environment and UI 

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 UI design.  

This is normally within the context of a user-focussed UI 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 UI development using formal and informal UI 

design methods and carrying out modelling tasks are important activities of UI 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 UI 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 UI development his directive implicitly includes identification of 

suitable UI design methods and UI modelling techniques.  It is not clear what to use to 
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help students gain an understanding of using UI patterns during UI 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 UI-pattern model described in the previous chapter was 

developed. 

The UI-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 UI-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 UI.  This process needs to be incorporated into a detailed UI design 

method that can be used in the context of teaching UI 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 UI patterns, and the structure of the pattern language are important 

issues (Section 2.4).  Developing a teaching-specific UI 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 UI Design 
In discussing the use of patterns in the UI 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 UI design patterns be 

used as part of the detailed UI 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 UI-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 UI.  The PD-MBUI framework (Seffah & Gaffer 2007) does 

exactly that with the conceptual models being developed in phase two.  These UI 

conceptual models are defined using wireframe diagrams and XUL, with automated UI 

pattern guidance via the patterns Wizard.  

The framework proposed here has been developed primarily with the objective of 

helping students use UI design patterns rather than for use by UI 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 UI 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 UI-pattern model.   

The proposed UI 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 A14).  

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 UI 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 UI widgets and prematurely designing their layout.  

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

 

Figure 5.2 - The pattern-guided UI detailed design framework 

The Teaching UI design guided by a Pattern Language framework (TUIPL) for the UI 

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: 

UI-pattern modelling takes the information defined in the UI 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 UI-pattern model.  

These diagrams are then used to guide the development of the TUIC model 

for the UI.   

Customising patterns takes the information from the UI patterns used in the UI-pattern 

model and modifies them to refer explicitly to the context of the new UI 

being modelled.  This could include using relevant examples and modifying 

the TUIC MODEL diagrams to use naming relevant to the UI rather than 

generalisations. 

Lo-fi prototyping produces the UI layout and navigation diagrams, guided by the 

project-specific UI patterns.  The lo-fi prototype is created by restructuring 

the TUIC model to develop the layout and possibly replacing the CAP 

symbols with UI toolbox widgets.   

Hi-fi prototyping translates the lo-fi prototype into the final user interface.   



Chapter 5: Introducing Students to UI Patterns and UI Pattern Languages  109 

 

The whole process is iterative with the insights gained from one activity feeding back to 

modify earlier outputs and continuing until an acceptable UI is completed.  

 
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 UI-design process.  The top level depicts the principles, concepts and 

best practice UI knowledge as embodied in a UI pattern language.  Level two is the 

abstract meta-language formed by the patterns and relationships selected to describe a 

given UI specification.  The third level represents a domain-specific meta-language 

created by instantiating the patterns forming a domain-specific meta-language reflecting 

the UI project.  

The diagram’s middle column represents the UI pattern languages used or created 

during the pattern-guided UI design method.  At the first level is the general UI 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 UI-pattern model thereby 

forming an abstract meta-language for the required UI for level two.  In the third level a 

project-specific pattern language is created by modifying the patterns forming the UI 

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 UI pattern are modified to refer 

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

Three UI 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 UI 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 UI-pattern model provides an opportunity for students to 

learn about a UI-pattern language.  Using the patterns to learn how to create TUIC 

models is an example of students learning through using a UI pattern language.  Finally 

the process of customising the UI patterns identified by the UI-pattern model, to reflect 

the new UI 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 UI design project.  For the purpose of 

introducing the students to the UI-pattern modelling method, creating models for an 

existing user interface is considered more appropriate.  It is generally easier to 

understand an existing UI than to have students become involved in the more intensive 

creative processes required when constructing models for a new UI.  The aim is to focus 

the students’ attention on using UI 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 UI.  Re-engineering existing UIs is also a valid ill-structured 

problem which is regularly carried out in the real world.  



Chapter 5: Introducing Students to UI Patterns and UI Pattern Languages  111 

 

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 UI-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 UI-Pattern Modelling 

 
A. Become familiar with the subset of UI 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 UI 
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 
UI-pattern model.  

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

The UI-pattern modelling method used to introduce students to UI- pattern languages 

and using them to model UIs depends on the existence of a suitable set of patterns and 

an appropriate UI.  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 



112 

 

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 UI 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 

UI-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 

 

A. Find the subset of UI patterns used in the UI-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 UI. 

Figure 5.5 - Method for creating a TUIC model when introducing students to UI patterns 

The TUIC model is a form of UI conceptual model and has been selected to encourage 

students to think at an abstract level about the detailed requirements of the UI they have 

been asked to model.  The method proposed for helping the students develop their 

models, like that proposed for guiding UI-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 UI with a UI-pattern model representing that 

UI. 

The overview and steps in the proposed TUIC modelling are shown in Figure 5.5.  The 

students are provided with an exemplar UI-pattern model similar to the one they will 

already have created in a previous exercise.  First they need to be familiar with the UI-

pattern model and the TUIC symbol list (Appendix A14).  Then they use the patterns 

identified by the UI-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 UI 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 

UI 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 UI 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 UI design method requires a language that has sufficient 

frequency of the three basic relationships (Section 4.1.1) so that a UI-pattern model can 

be created.  For expert UI 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, 

Kotzé 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 UI 

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 UI 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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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 

TUI.  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 UI-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 UI-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 UI at different levels of 

granularity and a number of UI-pattern models have been created using it (Appendices 

A5 & A7).  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 UI.  Most 

of the patterns relate to each other spatially but some with temporal relationships have 

been included.  The UIs 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 UI 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 UI-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 UI 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 UI 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 UI 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. 
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5.5 Summary 
A pattern-guided UI design framework TUIPL has been proposed for the detailed UI 

design process of UI development.  Learning to design new artefacts like UIs 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 UI design students about using UI patterns to design 

UIs, with the aim of helping students learn about UI pattern languages and how they 

might be used in UI design.  The framework is compatible with existing user-centered 

techniques and is not precluded from being used as part of a commercial UI 

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 UI 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 UI 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 UI-pattern 

model, students will be able to develop their understanding of the structure of a UI 

pattern language, overcoming the difficulties reported in the literature. 

This research is focussed on the first two processes in TUIPL, from UI requirements to 

the development of a TUIC model.  The first process is the UI-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 UI-pattern language? 

2. Are there any specific requirements of a UI pattern language when used for teaching 

student UI designers? 

3. How can student UI designers be successfully guided in the use of a UI pattern 

language for developing conceptual UI design models? 

The research is structured around three main threads.  These are: pattern language 

characteristics, pattern form and UI pattern-informed design.   

The first thread, reported in Chapters 3 and 4, explored the characterisation of UI 

pattern languages.  The attributes identified describe the structure of UI 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 UI-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 UI patterns linked into a pattern language are 

a suitable tool to use with UI design students.  The literature review identified the 

benefits of using UI pattern languages with students and groups of designers to inform 

UI 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 UI 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 UI design knowledge (Borchers 

2002) and that the UI models they created improved (Laakso et al. 2000) after being 

introduced to using UI patterns.  Koukouletsos et al. (2009) is the only study that 

confirmed that students had no prior knowledge before being introduced to a set of UI 

patterns covering that knowledge.  They report that the students developed UI 

prototypes that applied the usability principles introduced in the UI patterns. 

The third thread investigates the use of TUIPL as a suitable UI design framework for 

students follow when learning pattern-guided UI conceptual modelling.  The premise is 

that as a consequence of using TUIPL students should develop an understanding of UI 

patterns and UI pattern languages.  Students should also learn the UI 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 use problem 

transformation to develop an understanding of UI patterns, UI pattern languages and 

detailed UI design by model building.  Students should be provided with a UI design 

experience similar to a real world experience when applying TUIPL.  In the second 

study the UI-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?”   

 
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). 

 
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 UI are created.  The quality of the UI-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 UI-pattern modelling method, the first process in 

TUIPL.  It is a quasi-experiment, chosen because:  

1. The Design Study is in its early stages. 

2. It is 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 UI 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). 

 



124 

 

 
Table 6.1 - Overview of Study One 

Table 6.1 provides an overview of Study One showing the guiding aim and associated 

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 UI-

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. 

 
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 UI-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 UI-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 UI 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 UI-conceptual models and whether TUIPL has potential for use in a professional 

UI design setting.  It is not yet appropriate to evaluate TUIPL in the real world.  The 

current goal is to provide students with an ‘authentic’ UI design experience (Jonassen 

1999) not to develop a commercial UI 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. UI 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 UI development experience.   

Each participant trialled TUIPL in an artificial setting, solving a simulated problem.  

Therefore they are effectively role playing at being UI 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 UI.  Data is collected 

from multiple sources for each case study: by questionnaires, informal discussion and 

scoring the resultant models. 
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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 (UI-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 UI-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 4

An information sheet explaining the research accompanies the ethics form participants 

are asked to complete for each of the studies (Appendix A4) 

 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.   

                                                      
4 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 UI 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 UI designers in learning about using patterns 

in UI 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. 

 
Figure 6.3 - Building pattern-based models of an existing UI 

For Study One and Study Two students are introduced to using UI patterns and pattern 

languages by applying the modified pattern-driven UI 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 UI 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: 

• The set of nineteen UI patterns that link together into the pattern language TUI, 
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• The UI-pattern modelling exercise, 

• The Patterns Questionnaire, 

• The Exit Questionnaire, 

• The TUIPL framework – UI-pattern modelling method, 

• 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.   

 
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 

 
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  
Context 
The content to be accessed is inherently 
hierarchical and multi-layered … 
Problem 
How should … locate?  
Forces 
…. 
Solution 
Express a hierarchy by showing selectable … 

 or  
Reference 
This pattern effectively … 

Discussion 
… 
Examples: 

 
Eclipse showing the Java Browsing view: 

projects>packages>types>members 

… 
 

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 

A14).  

 
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 UI-

patterns models.  In Studies Two and Three, participants create a UI-pattern model and 

a TUIC model (Appendices A6 & A7). 

6.7.2.1 UI-pattern Model 
The UI-pattern-model was introduced in Section 4.2.1.  It is a strongly hierarchical 

graph linking the patterns that describe a user interface.   

  

Figure 6.6 - Part of a UI with a section of the corresponding UI-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 UI-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 UI showing part of a simple master-

detail form with each copy of a book displayed in a table.  A section of the 

corresponding UI-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. 

7 – Master Detail

6 – Collection beside Content 15 – Convenient 
Environment Actions

13 – Choice from 
a Small Set

3 - State 
Information

7 – Master Detail

6 – Collection beside Content 15 – Convenient 
Environment Actions

13 – Choice from 
a Small Set

3 - State 
Information
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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 UI-pattern-model. 

 
 

Figure 6.7 - Part of a UI-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 UI-pattern model with part of the 

corresponding TUIC model along side.  The nesting evident in the TUIC model 

corresponds to the levels in the UI-pattern model graph. 

  

Figure 6.8 - Sections of the annotated UI and UI-pattern model. 

For Exercise Two in Study Three, in addition to the UI-pattern model the participants 

were presented with an annotated version of the UI (Figure 6.8).  The annotations 

indicate which patterns describe that section or component of the UI.  This is an 

alternative way of representing the UI-pattern model.   

6.7.2.3 The Workbook 
The material and example used to introduce UI-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 UI-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 UI requirements.  Studies One and Two 

have an image of the UI to be modelled.  The instructions for Exercise Two are 

accompanied by an exemplar UI-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 A13. 

6.7.4 The Patterns Questionnaire 
The Patterns Questionnaire is administered after the UI-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 UI patterns and 

cover issues such as: how the students feel about using the UI 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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• Building the UI-pattern model (3 statements), 

• Aiding discussion (2 statements), 

• Pattern language structure (4 statements), 

• Information content of patterns (6 statements, 1 additional for studies Two & Three), 

• Illustrations (3 statements for studies Two & Three), 

• Pattern names (2 statements for studies Two & Three). 

The Patterns Questionnaire used in Study One is modified for Studies Two and Three 

(Appendix A11) 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 A12.  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 UI 

development experience.  Study Three is a series of case studies 

investigating the development of a new UI by professional developers 

therefore the type of information required is different to that required from 

the student participants of the preceding studies.   



Chapter 6: Research Overview   137 

 

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 UI-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 UI-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 UI-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 UI-pattern modelling might aid non-professional members of a design 

team communicate their UI 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 A15.  Four criteria (Appropriate patterns, 

Potential patterns, Appropriate links and Potential links) are used to score the UI-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 UI-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 UI pattern 

languages (Section 5.4).  The distribution of the different link types connecting the 

patterns used to create the UI-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 UI-pattern models only employ a subset of 

TUI. 

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 UI is a valid design problem regularly untaken by professional UI 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 UI course of study and are placed near the end of the program.  Other than 

the introduction of UI patterns and TUIC modelling all the UI 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 UI-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 UI design phase to 

complete their own UI-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 UI-patterns, reviewing 

information covered in the earlier lecture.  Building an exemplar UI-pattern is 

demonstrated and made available for reference throughout the exercise.  After 

completing the UI-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 UI 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 UI pattern 

languages and help them:  

• Become familiar with the organisation and content of UI patterns, 

• Acquire an understanding of the structure of a UI pattern language, 

• Create a user interface pattern-model (UI-pattern-model) describing an existing user 

interface. 

 
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 UI, 

exercise instructions and the exercise worksheets are distributed.  The students work 

with their partner to complete a UI-pattern model representing the example UI.  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 UI 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 UI pattern 

languages and help them:  

• Become familiar with the organisation and content of UI patterns, 

• Acquire an understanding of the structure of a UI pattern language, 

• Create a user interface pattern model (UI-pattern-model) describing an existing user 

interface, 

• Create a user interface conceptual model (TUIC model) described by the UI-pattern 

model. 

 
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 UI exemplar and the workbook.   

 
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 UI-pattern modelling method and the requirements of the 

interface to be designed.  Then the participant creates a UI-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 UI requirements and an exemplar UI-pattern model for the new 

user interface.  They use this UI-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 UI 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 UI-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 UI 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 UI-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, 

UI patterns, UI-pattern models, TUIC models and the associated modelling methods, 

communication and designing new UIs.  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 UI-pattern 
Models 

This first experiment investigates student reactions to using patterns to develop UI-

pattern models applying the UI-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 UI-pattern 

models by student UI developers. 

The objectives for this study are to:  

1. Determine whether UI patterns are an acceptable medium for presenting UI 

information to students. 

2. Investigate whether illustrated examples influence student understanding of patterns 

and pattern languages. 

3. Determine whether the UI-pattern modelling method from TUIPL can successfully 

guide students in creating a UI-pattern model. 

4. Discover whether building a UI-pattern model develops student understanding of UI 

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 UI-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 UI-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 UI exercise, then allocated randomly to either 

Group A or Group B to ensure groups of similar ability.   

 
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 UI example is used in each exercise.  Using different 

pattern forms and different UI 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, 6 and 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 UI-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  

 
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 UI to model 

(Appendix A6, Section A6.3).  A worksheet was provided on which the resulting UI-

pattern models were to be submitted (Appendix A7).   

 
Table 7.2 - Artefacts the students used in Study One 

Table 7.2 lists the artefacts the students used.  The Patterns Questionnaire (Appendix 

A11) 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 A12) 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 UI-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. 

 
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 UI-pattern modelling method. 

4. 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 A17.  

The observation criteria that guided the analysis of the images is in Appendix A10. 

 
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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Figure 7.3 - Working directly on pattern list 

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.   

 
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 UI-pattern modelling 

exercise.   

 
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.   

 
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 UI-

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.   

 

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 A16), 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 UI-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 UI-pattern model.   

They were still struggling with the concept 

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 

(Figure 7.5).  At this point they requested 

help. 
 

Figure 7.5 - Crossed out first attempt at UI-
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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Table 7.8 – Comparing time taken in minutes to build a UI-pattern model 

Table 7.8 shows that students took on average twenty-eight minutes to complete the UI-

pattern model in Exercise One and twenty-three minutes to complete it in Exercise Two.   

 
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 UI-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 UI-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 UI-pattern pointing behaviour.  

7.3.2 UI-pattern Model Evaluation 
The objectives for scoring these models are to: 

1. Identify 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.   

 
Table 7.9  - Comparing marks out for the UI-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 UI-pattern 

models were higher than those created when using the narrative patterns, although only 

weakly significant (p=0.07). 

 
Table 7.10 - Comparing UI-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). 

 
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. 

 
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 UI-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 UI-pattern model. 

4. Indicate whether patterns aided students’ discussion about UI concepts. 

5. Identify 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 A11 and the data in Appendix A16, 

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.   

 
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 

whether patterns were helpful the 

students responded very positively 

(Figure 7.8) confirming the overall 

ranking of all the statements (Figure 

7.7).   
Figure 7.8 - Responses to the statement asking 

if patterns were helpful 
Students’ perception of patterns and UI-pattern model building improved between 

completing Exercise One and Exercise Two.   
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 Ex1 Ex2 
agree 35.44 50 
undecided 40.38 34.62 
disagree 24.18 15.38 

 

 

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-

forward the method is (Figure 7.10), 

illustrates this improvement in 

perception.  This indicates that patterns 

are a suitable technique for presenting 

user interface knowledge to students and 

provides further support for the first 

objective that patterns are helpful. 

 
Figure 7.10 - Comparing responses to 
statement S-14 partitioned by exercise 

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 TUI.  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.   

 Illustrated Narrative 
agree 47.8 37.64 
undecided 35.44 39.56 
disagree 16.76 22.8 

 

 

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.   

Comparing Exercises

Ex1
Ex1

Ex1

Ex2

Ex2

Ex2

0

10

20

30

40

50

60

agree undecided disagree

%
 o

f r
es

po
ns

es

S-14 - Straight forward method

Ex1

Ex1

Ex1Ex2
Ex2

Ex2

0
10
20
30
40
50
60
70
80
90

agree undecided disagree

Comparing pattern types

Illu
st

ra
te

d

Illu
st

ra
te

d

Illu
st

ra
te

d

N
ar

ra
tiv

e

N
ar

ra
tiv

e

N
ar

ra
tiv

e

0

10

20

30

40

50

60

agree undecided disagree

%
 o

f c
ou

nt
s



158 

 

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.  
 

Figure 7.12 - Comparing responses to 
statement S-21 partitioned by pattern form 

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 UI-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 

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 
partitioned by exercise 

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 

were still not confident in using the structure of the pattern language.  
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Discussion: The graph in Figure 7.14 

shows that students clearly agreed 

that patterns aided their discussion 

of both UI concepts and the exercise 

problems they were completing.  

They also helped them focus their 

thinking.  
 

Figure 7.14 - Student responses to discussion 
statements. 

 
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. Identify those parts of patterns that students considered useful. 

3. Investigate whether the UI-pattern modelling method from TUIPL for introducing 

UI patterns was successful. 

4. Identify potential changes for improving the method. 

5. Investigate whether a pattern language could provide useful guidance during UI 

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”.   

 
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 UI-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 UI rather than just creating the UI-

pattern-model. 

 

 

Figure 7.15 – Views of using the UI-pattern modelling method had on understanding 
patterns 

Students responded positively when asked whether the UI-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.   

 

 
Figure 7.16 - Projected views on usefulness of patterns to aid UI design 

Students considered that creating a UI-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” 

 

 

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 UI 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 UI patterns are an acceptable 
medium for presenting UI 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 UI 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 UI 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 UI 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 UI 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 UI 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 UI-patterns models indicating active 

learning is taking place (Prince 2004).  This confirmed students’ opinions that patterns 

are an acceptable technique for presenting UI 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 UI-oriented activities to an acceptable 

standard (Kolfschoten et al. 2010).  In the tutorial, the activity was to create UI-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 UI 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 UI-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. 

 
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 UI-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 UI-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 UI 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 UI-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 UI-

pattern modelling method. 

The scores the UI-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 UI-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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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 UI-

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 UI-to-picture predominated in the illustrated pattern informed 

modelling. 

3. Time to complete a reasonable UI-pattern model: Students working with the 

narrative patterns took considerably longer to complete UI-pattern models.  This 

time difference was more marked in Exercise One than in Exercise Two. 

4. UI-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 UI-pattern modelling method 
from TUIPL can successfully guide students in 
creating a UI-pattern model 

For the method to have been successful, the students need to have followed it as they 

created their UI-pattern models.  The processes students use can also indicate the quality 

of the learning taking place.  The overall scores for the students’ UI-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 UI-

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 UI-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 UI-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 UI-

pattern models. 
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Figure 7.18 – Generalised method combining steps based on students’ activities 

Figure 7.18 shows a revised UI-pattern modelling method that is a summation of the 

students’ adaptations.  It includes two new activities: creating a draft UI-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’ UI-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 UI 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).  

 

 
Figure 7.19 – Recommended UI-pattern modelling method for introducing students to 

using UI patterns 
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A simplified version of the UI-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 UI-

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 UI-pattern model improved their understanding of patterns and also helped 

them link UI theory with practical UI 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 UI-pattern models. 

7.4.4 Discover whether building a UI-pattern model develops 
student understanding of UI 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 UI-pattern modelling it was anticipated that they 

would readily develop an understanding of pattern language structure.  The scores for 

the UI-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 UI-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 UI-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 

UI-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 

UI-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 UI-

pattern modelling method from TUIPL to create acceptable UI-pattern models and 

develop a reasonable understanding of pattern language structure.  This experiment has 

successfully trialled the process of creating UI-pattern models describing user interfaces 

by student UI developers.   

From this exploratory study a number of conclusions can be drawn.  First, that UI 

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 UI modelling tasks and 

the UI content of the patterns.  Observations show they all actively participated in the 

exercises and discussion.  All students built UI-pattern models with varying degrees of 

success.  

Illustrative examples are clearly important for making UI 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 UI-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 UI-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 UI-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 UI-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 UI-

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 UI 

domain. 

Finally, it is concluded that developing a UI-pattern model to represent an existing user 

interface is a successful method for introducing students to using UI-patterns.  They 

were fully engaged in the process, and positive about most aspects related to UI-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  
Context 
The content … 
Forces 
…. 
Solution 
Express…. 
Reference 
This pattern effectively … 
Discussion 
… 

Examples: 

 
Eclipse showing the Java Browsing view: 

projects>packages>types>members 
… 

 

Figure 7.20 - Proposed layout for new pattern form 
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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 UI-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 TUI.  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 UI-pattern modelling method from TUIPL is proposed 

(Figure 7.19).  The final step instructing students to build the UI-pattern model from all 

the selected patterns was removed.   In the revised version, instructions indicate that 

patterns can be linked into the UI-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 UI-pattern modelling tutorial used an architectural exemplar.  This required 

students to transfer knowledge gained from the architectural domain into the UI domain.  

Creating an introduction with a UI-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 UI patterns are an acceptable medium for presenting UI information to 

students. 

2. Confirm that the UI-pattern modelling method from TUIPL can successfully guide 

students in creating a UI-pattern model. 

3. Discover whether implementing the findings from Study One helped students build 

better UI-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 UI-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 UI-pattern modelling example.  The pattern format and 

the structure of TUI were updated.  Finally, the wording of the UI-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. 

 
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). 

 
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 A11) were added to take into account the 

different pattern form being used.  The Exit questionnaire (Appendix A12) 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 UI-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.   

 
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 UI 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 UI design was low.  The responses 

to the UI 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 UI-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 UI-pattern modelling exercise to use a UI example. 

Each of these amendments is discussed in the following section.  

8.3.1 Improvement 1 - Modify Illustrations 
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  
Context 
The content … 
Forces 
…. 
Solution 
Express …. 

 
Reference 
This pattern effectively … 

Discussion  
 
Examples: 

 
Eclipse showing the Java Browsing view: 

projects>packages>types>members 
… 

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 

 
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 UI.  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 UI (04, 05, 06, 07, 08, 

10).  The third group of patterns mostly define smaller areas of a UI 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 UI 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 UI-pattern map. 

 UI-pattern model TUIC model 

Level 1 
 

 

Level 2 

 

 

Figure 8.4 – UI-pattern model and matching TUIC model showing two levels of 
granularity 

Figure 8.4 contains two levels of the UI-pattern model and the corresponding TUIC 

model demonstrates the matching levels of granularity.   

8.3.3 Improvement 3 – UI-pattern Modelling Method 
The main conclusion from Study One was that the TUIPL UI-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’ UI-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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Step A. Become familiar with the subset of UI 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 UI-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 UI-pattern model.  In Study One the introduction used a small 

architectural exemplar and Alexander’s patterns.  The replacement UI 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 UI 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 UI-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 A20. 
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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 UI-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 UI-pattern modelling 

method. 

Due to the incomplete sequence of images a detailed case study analysis was not 

warranted.  

 
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 UI 

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.  

 
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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UI.  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 UI marking which three groups in 

this study employed.  
  

Figure 8.6 clearly shows how the 

different parts of the UI are identified.  

These students then appear to review 

each pattern again when creating their 

UI-pattern model.  
Figure 8.6 – Identifying patterns on the UI 

  

 
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 UI-pattern model.   

In all twelve cases, while creating their UI-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 UI-pattern model to describe the basic components 

of a UI are to help the students to:  

1. Develop an understanding of using patterns to describe a UI 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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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 UI-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 UI-pattern model. 

3. Indicate whether patterns aided student discussion about UI concepts. 

4. Identify 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 A11.  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. 

 
Table 8.7 - Responses to statements about aspects of building a UI-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 
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Discussion: Table 8.8 shows that the respondents clearly considered the patterns helped 

them discuss both UI-concepts and UI modelling therefore objective three was 

met in full. 

 
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 TUI.  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. 

 
Table 8.10 - Responses to statements covering information contained within the UI 

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. 

 
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. 

 
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 UI patterns to be an acceptable medium for presenting UI 

information to students.  They also found patterns to be clear, informative and easy to 

understand.  They report that patterns encouraged them to discuss UI-pattern modelling 

as well as UI concepts with their partner.  They appear to be confident about using the 

structure of TUI.  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 UI-pattern 

modelling are to: 

1. Investigate whether the students considered the UI-pattern modelling method for 

introducing patterns was successful. 

2. Identify potential changes for improving the UI-pattern modelling method. 

The Exit Questionnaire is found in Appendix A12.  The numeric data is in Appendix 

A20, Section A20.6 and the comments in Appendix A22. 
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Figure 8.8 – Impact building the UI-pattern model had on understanding patterns 

Figure 8.8 show that the majority of students considered UI-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 UI-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 UI for the UI-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 UI-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. 
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8. A non-UI example in the introduction forced students to transfer knowledge from 

the architectural domain to the UI domain and may have impeded student learning. 

The results of the Patterns Questionnaire, the scoring of the students’ UI 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 UI-

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 UI and selecting a pattern 

that provided an overall description of a given UI.  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 UI-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 UI.  In two cases students were definitely 

observed reviewing their draft model before completing the UI-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 UI-pattern Modelling Scores 
Scoring the students’ UI-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.  

 
Table 8.13 - Comparing scores for UI-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 UI-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 UI-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. 

 
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 UI-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.  

 
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. 

 
Table 8.16 - Time taken in minutes to complete UI-pattern modelling exercises 

Although the students in this study took time to settle into the first exercise the time 

taken to complete the UI-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 UI-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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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 UI-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). 

 

 

Figure 8.10 - Percentage of counts comparing responses to building the UI-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 UI-pattern modelling to be difficult. 

 

 

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 UI 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 UI-pattern Modelling 
Section 

The section in the Exit questionnaire asking about the UI-pattern modelling method was 

identical in both studies.  In the first study the students had completed two UI-pattern 

modelling exercises but in the third study they only completed one UI-pattern model 

and then created an abstract UI 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 UI-pattern modelling helped them understand 

UI 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 UI-pattern modelling helpful in developing their understanding of UI-

patterns. 

Approximately twenty-one percent of students from both Studies responded to the 

questions asking for explicit improvements to the UI-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 UI-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 UI 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 UI 

patterns are acceptable include whether students became active participants in the UI-

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 UI-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 UI 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 UI-pattern model.  Images captured 

during the exercise show the students comparing items, mostly UI patterns, implying 

that they were talking about what they were comparing.  The researcher observed 

students actively discussing pattern content and UI-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 UI concepts and UI-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 UI-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 UI-pattern modelling process due to the demonstration using a UI 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 UI 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 UI-

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 UI-pattern modelling successful 
In both Studies the students were presented with essentially the same UI-pattern 

modelling method from TUIPL to guide the development of their UI-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 

UI-pattern model are similar to those used to corroborate the first objective.  The criteria 

are: whether students were fully engaged in the UI-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 UI-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 UI.  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 UI-pattern modelling method using 

similar approaches to those observed in Study One. 

The results show that the UI-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 UI-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 UI-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 UI patterns to create 

UI-pattern models.  Students were seen to reflect on their work by reviewing their UI-

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 UI-pattern models they created.  The quality of the models 
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created can be used as an indicator of students’ knowledge of UI-pattern language 

structure.   

The UI-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 UI-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 UI-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 UI-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 UI-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 UI-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 UI-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 UI-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 

UI-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 UI 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 UI-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 UI-pattern models, it is clear that the students found UI 

patterns were an acceptable medium for presenting them with UI 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 UI 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 UI information to students.  Similarly, the 

students could apply the UI-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 UI-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 UI-pattern model in the creation 

of a TUIC model for the specified UI.  The aim of this study was to: 

Explore the use of a UI pattern language in the creation of UI conceptual models 

by student UI developers. 

The TUIC model combines Canonical Abstract Prototyping (CAP) components 

(Constantine 2003a) with navigation diagrams (Constantine 1998).  They are a type of 

UI conceptual model.  To investigate the aim two objectives have been identified:  

1. Determine whether the TUIC modelling method from TUIPL will support students 

using UI patterns as a guide to the creation of TUIC models. 

2. Determine whether UI patterns can be used by student UI designers to gain new UI 

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 UI-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 UI design patterns.  The second driver was to introduce students to a UI 

conceptual modelling method that would help them identify the essential elements of 

the solution without focussing on specific UI 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 UI knowledge with which students were not familiar 
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with so the premise that students could learn new UI information from UI 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 UI 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. 

 
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 UI-

pattern model to create a conceptual UI model using the TUIC modelling components.   
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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 UI was the same as used for Exercise One (Appendix A6, Section A6.3).  In 

addition the students were provided with an exemplar UI-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 A13) 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 UI-

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 UI 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 UI-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 UI-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 UI-pattern model 

and the patterns describing the UI.    

 
Figure 9.2 - Layout of a workspace showing UI and UI-pattern model side-by-side 

In most cases the students started by placing the UI and the UI-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 UI-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 UI-pattern model is seen as the students 

completed Steps D and E.  They clearly used the UI-pattern model and the annotated UI 

to guide the selection of the patterns required so they could complete the next stage of 

their TUIC model.   

     
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 UI-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 UI (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.   

 
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 UI and UI-

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 UI-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 UI. 

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 UI-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 UI 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 UI-pattern model to create reasonable UI 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.  

 
Table 9.3 – Scores for the TUIC models created using the exemplar UI-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.   

 
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 UI 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 UI-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 A20, 

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). 

 

 
 

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.   

9.2.4 Exit Questionnaire 
The Exit Questionnaire contained sections covering both Exercises One and Two.  The 

section covering UI-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. Identify those parts of the UI 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 A12.  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.   

 
Table 9.5 - Sections making up a UI 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. 

 
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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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.  

 
 

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 UI knowledge and improved their 

understanding of UI 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 UI 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 UI-pattern model 

(Figure 6.3).  The data about building these UI conceptual models comes from 

observing the students while model building, scoring the resulting models and responses 

to the Exit Questionnaire.   

 
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.  

 

 
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 UI-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 UI-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 UI-pattern model.  An 

additional directive was added to this step; to become familiar with how the patterns 

describe the example UI.  This was not explicitly stated in the original method.  This 

new wording emphasises reviewing the UI-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 UI 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 UI-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 UI-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 UI and the UI-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 
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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 UI-patterns could be used by students to gain new UI 

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 UI 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 UI.  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.  

 
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 UI 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 UI 



216 

 

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 UI pattern 

language to guide the creation of UI 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 UI 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 UI pattern language when 

used for teaching student UI 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 UI-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 UI patterns as a way of presenting UI 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 UI-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 UI 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 UI patterns are an acceptable form for presenting UI 

information.  They should also have been able to use the patterns in a constructive 

manner as demonstrated by creating UI-pattern models and TUIC models.   

The evidence for UI patterns being an acceptable medium for presenting UI 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 UI 

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 UI 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 UI-pattern modelling 

exercises and the TUIC modelling exercise.  Students responded positively to using the 

UI 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 UI-pattern models were 

60% (B) and 72% (B+) respectively, indicating that students could use the UI patterns 

reasonably successfully.  Stronger evidence for patterns being acceptable comes from 

Study Two where thirty-three percent of the UI-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. 2002a, b, Finlay et al. 2002, Koukouletsos 2008) have 

also found students can create creditable UI designs when using UI patterns.  Clearly 

students can use UI-patterns constructively, providing evidence that UI patterns are an 

acceptable medium for presenting UI information to students. 

9.4.2 Impact of Illustrations 
The literature review indicated that both novice designers and students could place 

excessive reliance on either the pictures located at the beginning of many UI 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 UI pattern, it is important 

that the illustrations have a positive impact on learning.  

The image placed near the beginning of a UI 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 UI-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 UI 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 UI-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 UI-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 UI 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 UI 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 UI patterns. Only spatial and temporal descriptive patterns were 

retained.  These restrictions ensured that the UI-pattern models created using TUI linked 

into a single hierarchical network. 

Observations show that while students were completing UI-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 UI-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 UI-pattern models especially 

list marking and hierarchy building.  

The UI-pattern modelling method used to introduce the students to TUI directed them to 

use the structure of the pattern language to build UI-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 UI-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 UI Knowledge 
Seffah (2003) clearly considered UI patterns could support both learning and teaching in 

an educational setting.  He saw UI patterns as a useful tool that captured good UI 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 UI 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 

UI 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 UI pattern 

language.  

9.4.5 Specific Requirements of a UI Pattern Language for 
Teaching 

The discussion above provides sufficient evidence to have confidence that when 

introducing students to UI patterns and having them use UI patterns to guide UI design 

activities, to help improve their learning outcomes the pattern language used should: 

1. Be internally 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 UI-

pattern model matching the target UI.  The analysis of the images shows that students 

repeatedly referred to both the UI-pattern model and the annotated UI 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 UI 

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 UI pattern language that should improve student 

learning outcomes was defined. 
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Chapter 10: Study Three - Pattern Guided UI 
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 UI-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 UI pattern guided design method would provide 

students with an authentic UI design experience. 

To examine this aim the following two objectives were identified:  

1. Determine whether UI developers could learn and apply the first two methods in the 

TUIPL framework to develop conceptual UI models for a new user interface. 

2. Determine UI 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 UI patterns 

and the structure of the pattern language.  They should be able to create a UI-pattern 

model from the requirements documentation for a new user interface and then use the 

UI-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 UI design method.  The 

researcher acted as a participant-observer.  The researcher introduced the participants to 

the two design methods: UI-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.   

 
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.   

 
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 UI-pattern model and the development of the TUIC 

model from an existing UI have been modified to describe the development of a new UI.  

The changes include replacing the existing UI with high-level UI requirements 

documentation for the new UI.  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. 

 
Figure 10.2 - Schematic of the UI-pattern model building method 

Figure 10.2 shows the full UI-pattern modelling method.  The detailed steps for this and 

the TUIC modelling method can be found in Appendix A9. 

 
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 UI-pattern 

model is assumed. 

At the end of the introductory session:   

• Section A, to collect participant back ground information. 
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At the end of Session Two - UI-pattern modelling: 

• Section B, asks about the patterns, 

• Section C, asks the participants to reflect on the proposed method used to build the 

UI-pattern model, 

• Section F asks for opinions about UI-pattern modelling aiding non-professionals 

participate within the design team. 

At the end of Session Three - TUIC modelling: 

• Section B asks about the patterns , 

• Section D asks the participants about the proposed method used to build the TUIC 

model, 

• 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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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 

UI design.  None of them had had any experience with using UI 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 UI patterns, the requirements documentation for the exercises and the first parts 

of the training manual introducing UI-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 UI-

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.   

 

Figure 10.5 - Modified UI-pattern model showing labels on arcs beside the matching UI 

A major change came about when one subject and the researcher were comparing an 

exemplar UI-pattern model with the exemplar UI during the final discussion.  When the 

researcher started to annotate each component on the UI with the relevant pattern id the 
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subject suggested adding the component’s label to the corresponding arc on the UI-

pattern model (Figure 10.5).  These labels indicate the part of the UI being represented 

by that part of the UI-pattern model.  Chung et al. (2004) reported that a pair of 

designers unexpectedly annotated the UI 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 UI 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 UI-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 UI-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 UI 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 UI development.  Each of the 

case studies follows a similar structure, reporting the participants views of UI-pattern 

modelling, TUIC modelling and opinions on aspects related to UI 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 UI-

pattern model is in Appendix A28 and the TUIC models in Appendix A29.  Appendices 

A26 and A27 contain the field notes for the UI-pattern modelling and the TUIC 

modelling session in that order.  

10.2.1 Participants’ backgrounds 

 
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 UI 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 UI-design process, the 

two more experienced developers relied on high-fi prototyping as their primary 

approach to UI 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 UI patterns and UI-pattern modelling very early during this 

research but Participant Three had no prior knowledge of UI 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 UI-Pattern Modelling 
The scoring system for the UI-pattern models was similar to that used for the models 

created in the earlier studies (Appendix A15).  The scores for the participants’ UI-

pattern models were all excellent.  
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Table 10.3 - Scores for UI-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).   

 
Figure 10.6 - Participant Three's UI-pattern model overlying the exemplar 

This is demonstrated by Participant Three’s UI-pattern model, shown in Figure 10.6.  

The solid lines represent those parts of Participant Three’s UI-pattern model that 

matches the exemplar UI-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. 

 
Table 10.4 - Time to completed activities in the UI-pattern modelling session 

The time taken to complete the UI-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 UI-pattern modelling as difficult.  But they still produced a creditable UI-

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 UI-pattern model provided a more abstract view of the UI. 

Both Participants Two and Three expressed some concern about abstract UI concepts as 

represented by the higher-level patterns in the UI-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 UI-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. 

 
Table 10.5 - Pattern sections considered most useful when completing the UI-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 UI-pattern modelling, which 

explains why the reference section wasn’t considered useful.  Participant Three 

recognised that when beginning to use UI 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.   

 
Table 10.6 - Summary of responses to UI-pattern modelling statements 

The responses to statements covering UI-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 UI-pattern modelling particularly 

easy and was not confident at using the patterns to create the UI-pattern model but 

commented that the actual process of creating the models was straightforward.  

Participant Three was unsure about how easy UI-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 UI-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 UI-pattern 

model and that the patterns helped them focus their thoughts.  

 
Table 10.7 - Ratings for opinion of UI-pattern modelling  

Table 10.7 shows that all three participants rated UI-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 UI-pattern model would be 

extremely helpful in assisting non-professionals to participate more fully in a UI design 

team.  Even Participant Two, who had had some difficulties with UI-pattern modelling, 

still thought UI-pattern modelling would be very helpful.  Supporting comments from 

all three indicated that they thought that by developing the UI-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 UI 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 UI-pattern model they thought the final UI 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.   

 
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.   

 
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 UI 

patterns and also had the least experience with UI abstract modelling, but still created a 

TUIC model of comparable quality to the other two. 
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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 UI-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. 

 
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 UI-

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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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 UI-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 

UI.  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 UI 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. 

 
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 UI-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 UI-pattern 

model as a guide was much easier than prior experience of modelling directly from the 

requirements documentation.  Participant Two found UI-pattern modelling initially 

difficult, rating it as only very helpful after the UI-pattern modelling session.  But after 

the following session, they both expressed enthusiasm for using the UI-pattern model to 

guide TUIC modelling.  

Participants Two and Three rated the suitability of using TUIC models for conceptual 

modelling in a professional UI 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 

 
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 UI 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 

UI 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 UI-pattern modelling as extremely helpful.  

Participant Two rated this method as very helpful commenting that UI-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 UI 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 UI 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 UI 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 UI patterns   

 
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 UI-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 UI 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 UI-pattern 

model.  The response rate of fifty-seven percent confirmed that experience.  However, 

Participant Two recognised that UI patterns were helpful and comments in the Exit 

Questionnaire indicated support for UI-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 UI design.  

Participant Three agreed with the other participants and also thought using UI patterns 

would help reduce changes later in the UI 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.   

 
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 UI-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 UI-pattern modelling, which explains why the 

Reference Section wasn’t selected.  Only Participant One identified the TUIC model 

diagram as helpful during UI-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 UI development.  Given the limitations the following discussion provides 

some useful insights into UI-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 UI.  Secondly, whether the 

professionals consider the methods could be used professionally. 

10.4.1 Objective One- Develop Conceptual UI Models 
Determine whether a UI developer can use the first two processes in TUIPL to develop 

conceptual UI models for a new user interface.  That is: 

• Create satisfactory UI-pattern models and TUIC models, 

• View UI-patterns positively and as helpful guides when modelling, 

• Judge the methods from TUIPL for UI-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 UI design 

method, the quality of the resultant models created were assessed.   

 
Table 10.16 - Total scores for models and prototypes (Summary Tables 10.7 & 8) 

Table 10.16 shows the overall scores for the UI-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 UI design for a new user interface.   

The breakdown of the scores for UI-pattern models reported in the cross case analysis 

(Table 10.3) showed that the two more experienced UI 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 UI Patterns 
All three participants considered UI 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 UI design guided by UI patterns (Dearden et al. 2002a, Chung et 

al. 2004, Segerstahl & Jokel 2006) reported that UI design professionals considered UI 

patterns to be helpful and findings from the case studies are consistent with that view.  

All three participants commented positively about UI 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 UI-pattern model and TUIC model scores both showed that the participants 

successfully applied the corresponding methods.  The UI-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 UI 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 UI design, being particularly enthusiastic. 

10.4.2 Objective Two – Viability for Professional UI 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 UI 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:  

• Improve communication between UI design team members by helping them develop 

a common understanding of the language being used, 

• Help team members to participate equally in the design, 

• 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 

UI 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 UI 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 UI developers considered UI 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 UI-patterns would be useful for providing appropriate UI 

knowledge to members of a UI design team.  They would help improve the quality of 

communication between members of a UI 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 UI 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 UI-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 UI-pattern modelling and the TUIC 

modelling would help members in a design team participate equally on the task of UI-

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 UI patterns could be a limiting 

factor.  Participant One suggested that time could be saved and the resultant UI 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 UI-pattern model became clear.   

The research by Finlay et al. (2002) showed that providing a facilitator to help designers 

select appropriate UI patterns resulted in improved understanding of the structure of the 
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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 UI professionals to learn to use the UI-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 UI-pattern modelling and TUIC 

modelling to a design project.  

All three participants commented positively on the potential of UI-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 UI-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 UI designers, experience with using UI 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’ UI-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 UI-pattern model in which selected arcs are 

labelled (Figure 10.5) appears to have made UI-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 UI-pattern model.  This observation suggests that the modified 

UI-pattern model will have a similar impact on models created by students using the 

updated structure. 

(A) (B) 

 
 

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 UI-pattern modelling.  When first introducing students to 

UI-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 UI-pattern model until completing the TUIC model.  All three participants agreed 

that the value of the UI pattern model became clearer after completing TUIC modelling.  

These responses suggest that when introducing UI-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 UI-pattern model.   

UI 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 

UI 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 UI-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 UI-pattern modelling and TUIC 

modelling methods from the TUIPL framework can provide students with a ‘real world’ 

UI 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 UI designers be successfully guided in the use of 

a UI pattern language for developing conceptual UI design models?  

The two UI conceptual models trialled in the three studies are the UI-pattern model and 

the TUIC model.  The first process in TUIPL is UI-pattern modelling and the second is 

TUIC modelling (Figure 5.2).   
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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 UI students 

they were required to use the proposed method while learning how to use the UI 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 UI Conceptual Models 
The quality of the UI-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 UI-pattern models created by the students in all three UI-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 UI-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 UI-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 UI-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 A15).  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 UI-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 UI 

knowledge to develop satisfactory conceptual UI 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 UI-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 UI-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 UI-pattern modelling method in 

Study One (Appendix A19) 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 UI-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 

UI-pattern models for a new UI.  

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 UI-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 UI 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 UI-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 UI-pattern modelling method helpful (Figure 

7.14) but only two of the six comments specifically about the UI-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 UI-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 UI pattern modelling method confirm the 

conclusions drawn from the Patterns Questionnaire’s results that some students found 

UI-pattern modelling difficult but that the method was straight-forward to follow.  The 

participants in Study Three also found UI-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 UI-pattern 

modelling process.  When responses from both questionnaires are taken into account, 

the overall response is supportive of UI-pattern modelling. 

Students in Study Two who followed up the UI-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 UI design team 

were positive.  The three professional participants from Study Three judged that the 

methods could also be used in a professional UI 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’ UI 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 UI-pattern models and TUIC models.  They all viewed UI 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 UI design.  

These findings satisfy the first objective for this study.   

Issues identified by other researchers were also apparent in this study.  These include: 

• The names of patterns can affect acceptance and comprehension,   

• Users may need help with understanding and using patterns that refer to 

comparatively abstract concepts,   

• When starting to use UI patterns the assistance of someone already familiar with UI 

patterns helps new users to overcome the initial learning curve. 

The three participants were in agreement that communication between UI 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 UI-

pattern model and TUIC models the UI patterns would help team members to 

participate equally with professionals.  Non-professional team members should develop 

a better understanding of the UI 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 UI-designers it is likely that UI-

design teams could successfully create UI-pattern models and TUIC models for new UIs.  

The high level of agreement among the three participants provides justification for using 

the techniques trialled when teaching students about UI pattern-guided UI 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 UI-pattern model may improve students’ UI-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 UI-pattern models and encouragement to add 

lower level details where necessary. 

4. Students need to know that one purpose for building a UI-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 UI-pattern modelling and TUIC modelling from TUIPL, student UI designers 

can be successfully guided in the use of a UI pattern language to develop conceptual UI 

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 UI pattern languages for detailed UI 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’ UI 

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 UI 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 UI-pattern languages are discussed at the 

end of Chapter Four (Section 4.5).  Results related to Question Two, on requirements of 

a UI-pattern language are discussed at the end of Chapter Nine (Section 9.4).  The third 

research question is directed at finding a pattern-driven UI 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 UI-
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 



256 

 

basis for a UI 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 UI pattern language maturity and complexity 

may relate to it in part.   

UMM was used to evaluate six published UI 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 UI pattern language structure is desirable.   

 
Figure 11.1 - Graph showing the maturity ranking for each of the UI 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 UI 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 UI pattern language 

successfully.  

The research that led to the development of the UMM also identified the need for a UI-

pattern model, an enhancement of the pattern list normally used to represent a design 

based on UI patterns (Davis 1983).  This new graphical representation clearly shows the 

network of selected UI-patterns describing a specific UI and explicitly identifies the 

required relationships between the patterns.   

The educator also requires a technique for demonstrating the use of pattern language 

structure in UI design.  The UI-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 UI patterns.  The UI-

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 UI model 

(Erickson 2000, Seffah & Gaffer 2007) and therefore the UI-pattern model is also a 

conceptual UI model.  It forms a meta-language for an example UI.  Many physical UI 

designs can be built from the pattern descriptions identified by the UI-pattern model. 

It was recognised that introducing students to the UI-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 UI-pattern modelling with the pattern list approach is worth pursuing.   

11.1.2 Question Two: Are there any specific requirements of a 
UI pattern language when used for teaching student UI 
designers? 

This research has demonstrated that the structure of a UI 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, 



258 

 

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 UI models for existing UI examples.  In studies One and Two 

they created creditable UI-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 UI-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 UI-pattern 

model, learning issues raised were similar from both the professional UI 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 

UI 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.  



Chapter 11: Conclusions   259 

 

11.1.3 Question Three: How can student UI designers be 
successfully guided in the use of a UI pattern language 
for developing conceptual UI 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’ UI patterns.   

Study Three demonstrated that with a facilitator to guide learning, the professional 

developers created two types of UI conceptual model using the respective methods.  

They created creditable UI pattern models and TUIC models for a new UI based on a UI 

specification.  All three professionals reported that they particularly enjoyed creating the 

TUIC models. 

Study Three confirmed that using TUIPL would provide students with a UI 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 
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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 UI pattern language to guide 

the creation of UI conceptual models for existing UI examples.  The research shows that 

by creating a UI pattern language specifically structured for teaching, students can more 

easily use the patterns in the UI design process.  The students could readily follow the 

two methods from TUIPL trialled in Study One and Study Two.  Students created 

creditable UI-pattern models.  In Study Two students also created creditable TUIC 

models.  Both these models are forms of UI 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 UI pattern models and 

TUIC models for a new UI 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 UI patterns could be 

used to educate students: about UI pattern languages, through UI pattern languages and 

with UI 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 

UI pattern languages.  The research outcomes are: 

1. The development of the TUIPL framework:  This is a UI pattern-guided design 

framework created specifically to introduce students to UI conceptual design.  It was 

developed to provide students with a ‘real world’ UI design experience in line with 

constructivist learning theory. 
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2. The development of the UI-pattern model:  This is a new graphical representation 

that enhances the sequence of patterns selected to represent a UI.  It has been shown 

to aid in the incremental development of a UI pattern language because it identifies 

both patterns and relationships between patterns that require modification, addition 

or deletion.  The process of developing the UI-pattern model can help identify where 

new patterns are required.  This is a form of generative process identified by 

Alexander (1979). 

3. The development of the TUIC model:  This is a new form of UI conceptual model 

that combines the CAP symbols and navigation symbols of abstract prototyping. 

4. The development of UMM:  This is the first stage of a proposed UI pattern maturity 

model that can be used to characterise the structure of a UI pattern language and to 

compare existing UI pattern languages.  The first four criteria tested by UMM 

determine whether a UI pattern language has internal validity.  The other three 

assess the secondary structures. 

5. 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.   

6. The development of TUI:  This is a UI pattern language specifically designed for 

introducing students to UI 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. 

7. A set of teaching materials:  These provide artefacts and procedures for introducing 

students to pattern-guided UI 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 UI 

patterns in UI design.  The main research findings are: 

1. That UMM can be used to compare UI pattern languages. 

2. That UI-pattern modelling is a suitable method for guiding the incremental 

development of a UI pattern language’s structure; a form of a generative process. 

3. That UI-pattern modelling can be used by educators to modify UI pattern languages 

so they can better meet the needs of their students.  
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4. That by building UI pattern models educators can identify inconsistencies in 

existing UI 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 UI conceptual model: UI-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 UI patterns in a UI 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 UI pattern language structure 

through the successful application of the UI-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 

UI 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 UI pattern languages and UI 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 TUI.  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 UI-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 UI-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 UI design 

processes.  

7. Encourage the students to work with the UI 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 UI-pattern model. 

11.5 Future Research 
This research commenced with an investigation into the nature and structure of UI 

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 UI pattern language for students and for comparing UI 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 UI 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 UI pattern language. 

3. The use of UI-pattern modelling to model a series of UIs, and track the impact such 

modelling has on the development of an existing UI pattern language and its 

changing maturity status.  Such a study could confirm the premise that modifying a 

UI pattern language, based on inconsistencies identified through repeated use of UI-

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. UI-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. UI-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 UI-pattern 

model.  Firstly, to determine whether UI-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. 
 
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 
information on a surface in a STACK OF WORKING 
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.   

4. 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 UIs 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 UI pattern language both the 

above techniques should probably be used together.  But further studies are needed 

to confirm whether this would be beneficial. 

5. The format of the UI patterns used in this research followed closely the form used in 

Tidwell’s ‘Common Ground’ pattern language.  Most recent versions of UI 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 UI-pattern models and TUIC 

models created by students when using them. 

6. Some of the UI 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 UI-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 UI-pattern language. 

7. 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 UI being modelled. 

8. A further study is required to trial the TUIPL framework with student participants 

creating designs for new UIs.  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 UI 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 UI pattern 

language-guided design.  

 

Figure 11.2 - Proposed architecture for a computer aided learning environment to teach 
about UI 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 UI 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 UI design system like TUIPL, with sets of graded exercises and 

UI 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: UI-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 UI 

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 

UI – User Interface 

UMM – UI-pattern language Maturity Model 
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Appendix A1: Pattern Language Maturity Model 
 
Level Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

 Validation 
Map Hierarchy Abstraction Match Complexity Richness Views 

Immature 
(0) 

None 
Minimal 
<50% 

None 
Minimal 

None  
Minimal 

None 
Minimal 
<20% 

None / 
Minimal <5% None None 

Partially 
mature 

(1) 

Possibly /  
Developing 

<70% 

Possibly / 
Developing 

Possibly/ 
Developing 

Developing 
<=50%  

Possibly / 
Developing 

<25% 

Possibly / 
Developing 

<10% 

Possibly / 
Developing 

1  
Moderately 
mature 

(2) 
Developed 

<90% 
Developed 

2 levels Developed Developed 
>50% 

Developed 
<35% 

Developed 
<20% 

Developed  
2  

Fully 
mature 

(3) 
 >=90% 
Mapped 

>=3 levels 
Hierarchical Modelled  >=80% 

Matched 
>=35%  

Complex 
>=20% 

Rich  
>2  

Views  

Table A1.1- Maturity level goals for each UI 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.   

A1.1 Maturity Model Tests 
When assessing internal validity of a UI 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 UI pattern language’s structure is 

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, Developing, Developed, Mapped) 

2. Can the map be ordered into at least one hierarchy with at least three levels below 

root level? 

(None, Minimal, Possibly, Developing, Developed, Hierarchical) 

3. Can the layers making up the hierarchy be used to describe a UI at different levels of 

granularity? 

This can be demonstrated by creating a UI-pattern model for an example UI.  

(None, Minimal, Possibly, Developing, Developed, Modelled) 
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4. Is the 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, Developed, 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, Developed, Views) 

A1.2 Scales for Assessing Maturity Criteria  
The scales for each of these measures are qualified by how connected the patterns in 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 is restricted 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 types is important.  Connectivity is the 

percentage of the patterns in the pattern language that are linked to one or more of the 

other patterns in the language. 

Measurement Scales for Primary Structures 
Only basic relationships are included.  They are: contained and the inverse is-contained-

by and the generalisation-specialisation relationship is-a.  For the Hierarchy, 

Abstraction and Match scales the measure of ‘Developing’ requires the connectivity of 

the validated pattern map to be at least seventy percent.  The measure of ‘Developed’ 

requires the connectivity of the validated pattern map to be at least ninety percent.   

1. Validation Map Scale 
None [<10%] – there is 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 least eighty 

percent but patterns don’t indicate relationship types.  Alternatively no detailed 
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analysis has been made of the patterns in 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 a clear root. 

Hierarchical [>=90% connectivity + >= 3 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 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 patterns in identifiable in partial hierarchies are at the 

same level of granularity. 
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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 

UI. 

Developing [>90%] – connectivity of the validation pattern map is at least seventy 

percent.  Some groups of patterns in identifiable hierarchies are at the same level 

of granularity and can be used as a generalised description of a UI. 

Developed [>=90%] – connectivity of the validation pattern map is at least ninety 

percent.  The layers making up the hierarchy can easily be used to describe a UI at 

different levels of granularity. 

Modelled [>=90% plus demo] – connectivity of the validation pattern map is at least 

ninety percent.  Levels of granularity demonstrated with UI examples, e.g. UI-

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 

require the connectivity of the pattern map to be at least ninety percent.   

Complexity Scale 
This scale relates to firstly, the number of inter-level links, that is the 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 be identified.  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. 
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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 least 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 
Scale is related 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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A1.3 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) 

A1.4 Examples 

Table of Attribute Values for Eight UI pattern languages 

 

Graph of Attribute Values for Eight UI pattern languages 
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Appendix A2: The UI-pattern Model 

A2.1 UI-pattern modelling 
1. Create a partial pattern map by linking selected patterns together. 

2. Remove all links that could not be classified as a basic type.   

3. Remove directional 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. Identify any missing links.   

8. Correct existing links.   

9. Add duplicated patterns where they are required to describe a distinct feature of the 

UI. 

10. Add labels to relevant arcs related to UI components and interaction spaces 

A2.2 Example: Outlook Today view 
The partial 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 

UI-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. Create a partial pattern map by linking selected patterns together. 

2. Remove all links that could not be classified as a basic type.   

3. Remove directional arrows from the arcs.  This new diagram, shown in Figure A2.1, 

looks similar to a validated partial pattern map where all relationships matched. 

4.  Identify potential roots.  Figure A2.1 shows that the only pattern with no context 

links is Pattern ‘34 Choice from a large 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. 

 
Figure A2.2 – Graph of patterns overlaying example UI 

5. Identify 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 UI that they referred to as shown in Figure A2.2.  

Relationships between patterns that did not appear relevant to this example were 

removed.  The resultant graph formed the initial backbone for the hierarchy building 

activity. 
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Many of the remaining relationships can be described as relating to a spatial 

component of the UI but temporal components were also identified.  For example, 

the map shown in Figure A2.2, has a link directly between Pattern ‘40 Toolbox’ and 

Pattern ‘18 Short description’ but there is also 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 actual situation the pointer will show affordance when coming into the 

space of a specific tool and a short description would appear in a user’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.   

 
Figure A2.3 – Restructured partial pattern map for the Outlook example 

7. Identify 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 

Choice from a large 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 entries in the 
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calendar, a long selectable list.  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.   

8. Correct existing links.  Corrections modifications required related to existing 

indirect links between the patterns either via reference 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 UI, 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.   

 
Figure A2.4 – Almost complete UI-pattern model for the Outlook example 

9. 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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Figure A2.5 - Completed UI-pattern model with labelled arcs 

10. Identify sections (sub-trees) that match UI interaction spaces.  The descriptions 

generated by the levels and within sub-trees based on the UI-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 as labelled arcs in 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.  

Modifications 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 UI-pattern model made them 

more understandable than using just the pattern’s id number. 

The researcher observed how the subject approached building the UI-pattern modelling 

exercise.  No pattern list was provided for the first pilot and the subject suggested that 

this would 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 

able to see all the pattern names together. 

The UI example used for both exercises in 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 a more traditional introduction to the new material.  The premise was 

that if a potential 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.   

As with 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 UI-pattern model particularly demanding because they 

had difficulty interpreting some of the UI terms used in the narrative descriptions in 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 UI-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 spaces in 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. 
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A4.1 Study One – Information Sheet 
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A4.2 Study Two – Information Sheet 
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A4.3 Study Three – Information Sheet 
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A5.1 UI Pattern-Informed UI Design 
This manual provides a worked example applying the early stages of a user interface 

design informed by a set of UI patterns. The Teaching UI design guided by a Pattern 

Language framework (TUIPL).   

2003).   

 
Figure A5.1 - Over view of the TUIPL framework 

This framework (Figure A5.3) assumes that an initial user interface requirement 

document exists.  The TUIPL framework has been developed with the goal of teaching 

UI 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 conceptual UI model provides an abstract 

description of a UI.  The Teaching UI 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 development of a UI-pattern model.  Initially the 

UI requirements are examined and the required actions and presentation spaces are 

identified.  Next, suitable patterns are selected from the pattern languages and a UI-

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 stage is to use 

these TUIC model diagrams as a guide to develop a TUIC model for the UI.  Finally 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 a known solution to a recognised problem in a structured format.  As well 

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 a lingua 
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franca, that is, a communication device and a means of illustration when discussing 

interface design (Bayle et al., 1997; Erickson, 2000; Dearden & Finlay, 2006).  When 

linked together in a pattern language, relationships between the patterns should be 

synergistic, in that the language should provide an understanding of UI design that is 

greater than just the application of individual patterns.   

UI Patterns  
Front Back 

8 - Cascading Collections  
Context 
The content to be accessed… 
Problem 
How should series …? 
Solution 
Express a hierarchy by …. 

 

Reference 
This pattern effectively … 
Forces 
…. 
Discussion 
… 
Examples: 

 
Eclipse showing the Java Browsing view: 

projects>packages>types>members 
… 

Figure A5.2 – Formatting of sections making up the patterns used for this exercise 

The exercise uses a restricted 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 UI contexts.  They link together into a 

consistent pattern language structure.  The set is small, so design choices are limited as 

is the set of potential UIs 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 is a TUIC model diagram that identifies the 

essential aspects of the solution.  

This worked example provides guidance in developing two types of UI conceptual 

model, a UI-pattern model and a TUIC model.
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A5.2 Case Study 
This is an incomplete solution developed to illustrate the proposed pattern-driven UI 

design method. 

INITIAL REQUIREMENTS DOCUMENTATION 
The design method assumes that an initial requirements document has been completed 

and that conceptual or abstract modelling of the UI is the next stage.  While you study 

this example remember the methods are intended to be applied by a UI design team of 

either students or a combination of professional and non-UI professionals. 

Narrative Overview – Course Registration System 
At the beginning of each semester, students at Eastern State University must register for 

a programme of study consisting of between one and five courses.  A new system is to 

be implemented which will support on-line registration.  The system must meet the 

following requirements: 

Requirements 

Functional Requirements 
• Provide students with details of courses on offer in that semester. 

• Assist students in assembling a programme of study, by allowing them to add and 

delete courses until they are satisfied with their programme. 

• Maintain a running total of the cost of the programme. 

• Carry out checks to 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. 

• Allow students to submit their programme. 

• Allow students to 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 is therefore 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. 

• Provide good support and feedback at each stage. 

• Support an efficient and flexible dialogue, including a good search capability for 

courses. 

• Be satisfying to use. 

• .... 

Scenarios 
The following scenario is representative of the use of the system by a student returning 

for a third year of study: 

Third year student 
Dan wishes to construct his course of study for the first semester of his third 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, course title, prescription, prerequisites, lecturer(s), points-

value and cost).  The system also provides Dan with the option of reviewing his 

academic record to date.  This is useful because he may be unsure as to which courses 

he has already 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 a course, if for example he does not have the appropriate prerequisite(s).  Dan can 

delete previously selected courses from his programme, or alternatively 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 

 
Figure A5.3 - Role map showing returning and new students as types of student 

Returning Student 
Goal: to re-register with the university for a semester programme of up to five courses 
Background: * educated to 7th form or equivalent 

* has an existing academic record (enrolment history)  
* computer literate 

Domain 
Knowledge: 

* will have enrolled previously 
* 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 

* good support and feedback 
* efficient, flexible and reliable 
* satisfying 

Table A5.1- Details of role ‘Returning Student’ which specialises Student 
Other roles … 

Task Model 

 
Figure A5.4 - Use case map with those shaded to be modelled 

 
 

Returning_Student New_Student

Student

Returning_Student New_Student

Student

registering for courses

adding selected 
course

undoing added 
programme

includes checking enrolment 
history

extends

reporting error

extends

checking 
prerequisites

includes

includesremoving  
selected course

includes

checking courses 
already submitted

includes

registering for courses

adding selected 
course

adding selected 
course

undoing added 
programme

includes checking enrolment 
history

checking enrolment 
history

extends

reporting errorreporting error

extends

checking 
prerequisites

includes

includesremoving  
selected course

includes

checking courses 
already submitted

includes
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Use case details 
Once a use 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: 
 

16. optionally: 
undoing added programme 

 [specify that student’s study 
programme is to be printed] 

 

 17: format student’s study programme for printer and 
send, notifying users of progress 

18. quit the session  
 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 & spaces for 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.  This information 

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 name 

Course details 

Course code Course controller 
Course name Number of points 

Course description Semesters available 
 Cost 

Student details Student name ID number 
Major subject 

Current programme Course Code Course name 
Cost Running total of costs 

Enrolment history Year taken … 
 

Error reports As appropriate  …. 
Notifications dialogues …  … 

Table A5.3 - Interaction space details for use case “registering for courses. 
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The example UI-pattern model 
 
 
 

 

Figure A5.5 - UI-pattern model for the course registration system
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A5.3 UI-PATTERN MODELLING 
UI-pattern modelling starts with an examination of the UI requirements to identify the 

required actions and interaction spaces, if these have not been provided.  A UI-pattern 

model is a selection 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 a root pattern for the UI-pattern model.  The 

root pattern provides an overall description of the UI.  The root pattern will be one of 

the lower numbered patterns.   

UI details are described by higher numbered patterns lower in the hierarchical structure 

of the UI-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 practice it is expected that the selection of 

patterns and building the UI-pattern model will be cyclic as the designer chooses and 

rejects patterns and restructures the UI-pattern model until a suitable structure has been 

created. 

The method 
The main steps for creating a UI-pattern model are shown in Figure A5.6 with details in 

Table A5.4.  This method takes an essentially middle-out approach to development.   

 
Figure A5.6- Schematic of the UI-pattern model building method 
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Step A. Become familiar with the UI patterns. 
Step B. Examine the UI 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 UI-
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 UI-pattern model. 

The first step is to become familiar with the set of UI 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 UI patterns.   

The designer also 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 the initial requirements documentation.  Once they exist, as in 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 details 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 via the quit action.  These groupings 

can be used to guide steps D, E and F. 
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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 

Figure A5.7 – Duplicate - Inventory of actions & spaces for use case “register for courses”. 

Building the UI-pattern model 
Start step D by selecting one of the groups of related interaction spaces (Table A5.2) 

and then locate a couple of patterns that 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 a large se

Table A5.5

t’ which is applied in 

the context that “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.” as shown in 

.  Similarly ‘List of courses

Interaction space 

’ can be represented by this pattern too.   

Pattern Part of the pattern’s context section 

List of subjects 
 
List of courses 

12 Choice from a large set 

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. … 

Course details 03 Current properties The information describing an artefact must be displayed.  
The information maybe changed over time. … 

Table A5.5 - Matching interaction spaces to possible UI patterns 

The interaction space ‘Course details’ provides additional information about any course 

selected so requires a simple solution.  A couple of patterns from this pattern language 

might be suitable: ‘03 Current Properties’ and ‘04 Information on Form

Table A5.3

’.  Pattern 4 is 

used when “A user often needs to view information that provides a snapshot of 

something represented by values as in CURRENT PROPERTIES”.  An examination of 

the content of course details in  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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general, 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 

is replaced by a new lecturer.  As the 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 also be considered.  When selecting a pattern, at a minimum, the problem 

and solution sections should be examined. 

 
Figure A5.8 - The initial patterns select to represent the collections of subjects and courses 

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 there is a link 

or common parent between this space and the ‘List of courses

Interaction space 

’. 

Pattern Part of the pattern’s context section 

List of courses 12 Choice from a large set 
… It may also be used in conjunction with more complex 
list like organisation as found in COLLECTION BESIDE 

CONTENT and CASCADING COLLECTIONS …  

Course details 03 Current properties 

… 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 … 

 07 Collection beside 
Content 

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 
needs to see the overall structure of the collection so they 

can select items of interest in any order. … 

 14 Convenient 
Environment Actions 

…   
This pattern is also required when actions need to be 
carried out on the selected content displayed using 

COLLECTION BESIDE CONTENT. 

Table A5.6 - Locating higher level patterns 

12 – Choice from 
a Large Set

List of subjects

12 –
Choice 
from a 
Large Set

List of courses

03 – Current 
Properties

Course details

12 – Choice from 
a Large Set

List of subjects

12 – Choice from 
a Large Set

List of subjects

12 –
Choice 
from a 
Large Set

List of courses

12 –
Choice 
from a 
Large Set

List of courses

03 – Current 
Properties

Course details

03 – Current 
Properties

Course details
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The individual 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 details is [02, 07, 10] and for pattern ‘12 Choice from a 

large set

Table A5.6

’ representing the list of courses is [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  for the relevant extracts) indicates that the pattern ‘07 

Collection beside Content

Next the reference section of Pattern 6 is used to confirm the link.  

’ 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 explore it at their own pace, in a way which is comprehensible and engaging 

to the user?”  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.  

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 

07 Collection beside Content 

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 
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 

Illustrating 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 

actions it 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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Figure A5.9 – Part of the UI-pattern model for the two lists 

By applying step G the UI-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.  Steps E, F and G are 

repeated.  The list of patterns that 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

The example UI-pattern model 

’ shows that it is a good description of 

two lists and the associated course details which together will be used to find courses 

for a student’s current program.   

 
Figure A5.10 - Part of the sub-tree representing the interaction spaces required to find a 

course 
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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 a level the context section of Pattern 8 identifies Pattern ‘02 High-density 

information Figure 

A5.10

’ as the root pattern resulting in the partially completed tree seen in 

.   

At this point a similar process can be used to model the interaction spaces making up a 

student’s study programme.  Alternatively, a top-down approach can be taken.  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 patterns is 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

An examination of the model (

’ is required for 

the action to quit the system. 

Figure A5.5) shows that some patterns are used 

repeatedly.  It is up to the modeller to decide whether to use multiple copies of a pattern 

or to use multiple arrows pointing to a single copy.  In this model copies have been 

used in most cases because each copy represents a different element or group of 

elements in the UI.  For the Pattern ‘15 Pointer shows affordance

As with 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 all groups of environment actions.   

’ only one copy has 

been used because this action is similar in each of the interaction spaces.   
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Figure A5.11 - UI-pattern model for the course registration 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 

A5.5) and the lower level patterns representing them.  The root pattern for each sub-tree 

representing an interaction space may be at a higher 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 STOP HERE TO DISCUSS ANY ISSUES OR IDEAS YOU 

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 

UI-pattern model from the requirements. 
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A5.5 TUIC MODELLING 
Once the UI-pattern model has been created, a TUIC model for the UI is developed.  

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 this will result in a series of TUIC model diagrams although the example 

created in this workbook results in a single ‘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 initially, in 

the completed model naming of the different areas should reflect the application being 

developed and be meaningful within that context. 

The method 

 
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 UI-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 is assumed that the design team developing the TUIC model is the 

same as the one that developed the UI-pattern model.  If 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.  Like the 

development of the UI-pattern model, over time familiarisation would not be necessary 

for all 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 UI-

pattern model representing the “Course Registration System”.  It becomes the enclosing 

context for the UI and completes step B.   

Figure A5.13 - Top levels of the UI-pattern model 

Figure A5.13 shows the top levels of the UI-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 

 
 

 

Figure A5.14 - Diagrams illustrating the essential aspects of each pattern’s solution 

The illustrating 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.  As there is 

only one action represented by ‘14 convenient environment actions

Figure A5.15

’ the enclosing 

grouping symbol can be removed.  It represents the action to quit an enrolment session.  

 shows the resulting structure for the TUIC model with some specific 

naming for interaction spaces and some general naming from the matching patterns.   

 
Figure A5.15 – An initial TUIC model using generic symbols and naming. 
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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 patterns in the UI-pattern model will help guide the details for this specific 

TUIC model whereas those illustrating the patterns are generalisations.   

        
Figure A5.16 - Partial TUIC model with matching nodes shaded on the UI-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

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 UI-pattern model is traversed.  

Figure A5.16 shows an almost complete TUIC model that represents the patterns of the coloured nodes in the adjacent UI-pattern model.  This 

prototype still has many generic symbols and names.  It also uses just generic CAP tools and materials. 

’ 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. 
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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 symbol1

 

 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.   

Figure A5.17 - Refined TUIC model. 

Another refinement is to check the content of the patterns to identify alternative 

representations.  For example, the space representing pattern ‘09 Stack of working 

surfaces

                                                      
1 Reference: Constantine and Lockwood, Ltd  

’ is not a good representation if additional field or attribute data is known and 

can be added to the model.  Figure A5.17 uses an alternative 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 also been improved.  

Many of the TUIC model diagrams illustrating the patterns include comments.  

Appropriate comments associated with such patterns have also been added to Figure 
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A5.17.  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 a linear fashion.  The designer will move back and 

forward between steps C and D and the developing prototype will show a mix of 

generic and domain-specific names and symbols.  Step E is a review process where 

more details can be added.  The exercise to follow does not require this final review step 

nor is a lo-fidelity prototype developed but both are included in the appendices for 

completeness. 

’.   

--------> PLEASE STOP HERE TO DISCUSS ANY ISSUES OR IDEAS YOU MAY HAVE 
ABOUT THE METHOD AND THE UI-PATTERN MODEL <----- 

A5.6 TO DO 
Please study the accompanying exercise example requirements and complete a partial 

UI-pattern model from the requirements. 
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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 builds it.  The contents of the 

different interaction spaces, as shown in Table A5.3, can also be added  

 

Figure A5.18 – TUIC model showing details of fields or attributes. 
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After Step E the almost completed TUIC model will be similar to that shown in Figure 

A5.18.  It does not include details for the enrolment history because this is not covered 

by this example.   

Visual Design 
The following lo-fi visual design for this UI is conventional and has been provided for 

completeness.  Design decisions have not been provided. 

Example Lo-fi UI prototype  

 
 
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 UI-pattern modelling method is that used in Study Two.  

The original wording can be found in Chapter Five.  Otherwise the instructions were 

the same for all UI-pattern modelling exercises. 

EXERCISE INSTRUCTIONS – UI-pattern modelling 
In this exercise you are asked to build a user interface pattern language model (UI-

Pattern model) to describe the user interface illustrated.  A pattern-language-model is a 

set of linked UI patterns that build a network of patterns that describes the UI interface.  

A pattern-language-model can be described as a set of one or more overlapping 

hierarchies. 

Artefacts 
They are: 

⇒ An illustration of a user interface. 
⇒ Access to a set of UI 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. 

⇒ An exercise sheet with attached coversheet. 
⇒ 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 UI-pattern model 

Step A. Become familiar with the subset of UI 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 those 
patterns and connected with lines to indicate how they are linked 
into a UI-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 

questionnaire. 

Notes 
You are encouraged to consult with your partner as you develop the UI-pattern model 

but each of you should hand in your own version of this model. 

Please hand in all the patterns and the UI illustration with your exercise 
sheet and questionnaire. 

EXERCISE INSTRUCTIONS – Conceptual UI modelling 
In this exercise you are asked to build a conceptual UI model of a user interface based 

on a UI-pattern model that describes the given user interface illustration.  It is called a 

Teaching UI Conceptual (TUIC) model and is created using canonical abstract 

prototype (CAP) and navigation components. 

Artefacts 
They are: 

⇒ The set of nineteen UI Patterns from the first exercise.  
The solution of each pattern is illustrated using a canonical abstract prototype. 

⇒ An identification sheet of TUIC symbol set used in diagrams illustrating the 
solutions in the patterns. 

⇒ A list of the patterns summarising context and reference lists. 
⇒ An annotated illustration of the example user interface. 
⇒ An exemplar UI-pattern model. 
⇒ An exercise 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 UI patterns used in the UI-pattern model and 
become familiar with how they describe the example UI. 

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 
You 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 UI illustration with your exercise 
sheet and questions. 

 

A6.2 Study 1 – Exercise Two Example UI 
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A6.3 Studies 1 & 2 – Exercise One Example UI 

 

A6.4 Study 2 – Exercise Two Example UI-pattern 
model 

This UI-pattern model represents the Library Catalogue System UI above. 
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A6.5 Study 3 – Example 

Conceptual Design using UI-pattern Modelling and TUIC 
Modelling  
The goal for this exercise is to create two conceptual user interface models for the 

system outlined in the following requirements documentation.  When applying each 

method please remember that the intent is that it be applied by a design team that 

includes potential users of the user interface or that it is being applied by a team of UI 

design students. 

INITIAL REQUIREMENTS DOCUMENTATION 
The following initial requirements documentation is incomplete.  Sufficient details have 

been provided so that a UI-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 plans to install an on-

line reservations system.  The first stage is a room reservations system for use by hotel 

reception staff.  These staff members are reasonably computer literate.   

A6.7 Requirements 

Functional Requirements 
• The identity of the staff member responsible for each stage of a transaction must be 

recorded as should the time and date when the stage is confirmed. 

• The criteria for the list 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 special clean or being redecorated.  The capacity code should indicate the 

number and types of bed. 

• Provide the staff member with a facility 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 a list 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 completed). 

• Staff member should be able to print each phase of a room 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 a week.  As reception staff are also dealing with other 

requests from clients, often at the same time, it is important that the system is easy and 

intuitive to 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 is typical 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 a reservation 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.  He then creates a reservation 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 Smiths that it is correct.  Then he records that they accepted the account 

details, bills their credit card, and prints a receipt. 

Other scenarios …  
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A6.9 Structured User Role Model 

 
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 

Background: 
 completed hotel’s in-service receptionists training 
 ten years on the job experience 
 computer literate 

Domain 
Knowledge: 

 Familiar with the hotel’s hotel room registration procedures  
 Understands the interactions between the checking-in and checking-out of clients 

and other hotel operations such as house-keeping 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:  intensive use each workday (uses the system frequently during each shift) 
 user driven 

Information: 
 flows both ways 
 information out can be comparatively complex 
 information in is not excessive in volume 

Functions:  no special functions 

Usability: 

 good quality of presentation of information 
 good support and feedback 
 efficient, flexible and reliable 
 satisfying 

Table A6.1 - Details of role ‘Receptionist’ which specialises Staff member 
Other roles …  

Staff 
member

TraineeReceptionist Manager

Staff 
member

TraineeReceptionist Manager
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A6.10 Task Model 

 
Figure A6.2 - Use case map with those shaded to be modelled 
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A6.11 Use case details 
Once a use case is completed it is examined to identify actions and interaction spaces.  These 
are itemised in the accompanying table. 

Registering hotel rooms 
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: 
15 offer room list pre-order to show those currently 

available for occupancy 

save sort onto sort history list  

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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Actions Interaction spaces 

 
 
Select room 
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 

Staff details with date & time 
 
Find rooms 

» List of rooms 
» Selected room’s details 
» Selected room’s occupancy history 

 
 
 
 
 
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 

Table A6.2 - Inventory of actions & spaces for use case “registering hotel rooms”. 

Recording transaction phases 
To register the different phases of the registration of rooms to clients ensuring each stage is submitted 
successfully 
 
ROLES SUPPORTED: receptionist, trainee, manager 
PRE-CONDITIONS: 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 

4 optionally do: 
 adding reservation phase
 

; 

 
adding check-in phase;  

 
adding check-out phase; 

 
adding payment phase 

 

5 optionally: 
 [specifying that transaction fields be 

printed] 
 

 6 format the transaction fields for printer and send, notifying users 
of progress 

7 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 

9 optionally do: 
 [specifying that current transaction phase 

be cancelled] 
 

 10 either client has not checked in do: 
 or: notify client already occupying room 

cancel reservation 

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 
Notify submission progress and success 
Notify client already checked in 

Table A6.3 - Inventory of actions & spaces for use case “recording 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 As appropriate 
Notification dialogues … 

Table A6.4 - Interaction space details for use case “registering hotel rooms. 
 

Spaces Content 

Transaction phase space  phase name 
 

Figure A6.3 - Interaction space details for use case “recording transaction " 

Other use case inventories  

Reservation 
Check-in 
Check-out 
Payment 
… 
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A6.13 TO DO – UI-pattern Model 
The exercise is to develop a UI 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 UI-pattern Modelling 
Use the following method to create a UI-pattern model for the system detailing the registration 
phase but not the check-in or check-out phases. 
 

 
Figure A6.4- Schematic of the UI-pattern model building method 

 
Step A. Become familiar with the UI patterns. 
Step B. Examine the UI 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 UI-
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 UI-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 UI-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 details. 
 

 
Figure A6.5 - Schematic of the pattern informed abstract prototyping method 

 
Step A. Become familiar with the TUIC symbol set. 
Step B. Starting with the top or root pattern of the UI-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 A6.6 – Abstract prototyping method. 
 
 

--------> PLEASE STOP HERE TO COMPLETE TWO QUESTIONAIRES AND DISCUSS 
EXPERIENCE <----- 
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A6.15 Example UI-pattern Model for the Hotel 
Reservation system 

The case study participants were provided with the exemplar UI-pattern model below to 

work from for the third session rather than use the one they had created during the 

second session. 
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13 –
Tabular 

Set

4 –
Information 

on Form
3 – Current 
Properties

15 – Pointer 
shows 

affordance

13 –
Tabular 

Set

4 –
Information 

on form

?

3 – Current 
Properties

?

3 – Current 
Properties

?

Staff details

List of rooms

Room details Room history

[new sort, 
back, next]

Reservation 
details

Transaction phases

[submit, cancel,  print]

Check-in 
details

Check-out 
details

Payment details

[quit]

?

Find room

3 – Current 
Properties

06 – Master 
with Details

04 –
Information 

on Form6 – Master
with Details

clients details
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Appendix A7: Studies One & Two – Exercise 
Worksheets  

A7.1 Study One & Two - Cover sheet for UI-pattern 
Modelling 

Note that the objectives were re-worded on the coversheet so students were not alerted 

to the importance of the illustrations. 

IDENTIFYING COVER SHEET 
This study has the following objectives: 

• Determine whether UI patterns are an acceptable medium for presenting UI 

information to students. 

• Investigate suitable formats for presenting the information within UI patterns and 

pattern languages. 

• Determine whether the proposed method can successfully guide students in creating 

a UI-pattern model. 

• Discover whether building a UI-pattern model develops student understanding of UI 

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. 

 

Name:  ..........................................................................................  
 
 
ID:  ................................................................................................  
 

The results from the analysis of the experiment will be available from the CS office in 

AH3.91 on request.  Participants will have to present their ID card to prove that they 

were enrolled in this class and therefore have a right to the information. 
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A7.2 Study One - Worksheet for UI-pattern Models 
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A7.3 Study Two - Worksheet for UI-pattern Models 
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A7.4 Study Two – Cover sheet for UI-pattern Models 

IDENTIFYING COVER SHEET 
This study has the following objectives: 

• Determine whether the proposed method will support students using UI patterns as a 

guide to the creation of TUIC models. 

• Determine whether UI patterns can be used by student UI designers to gain new UI 

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. 

 

Name:  ..........................................................................................  
 
 
ID:  ................................................................................................  
 

The results from the analysis of the experiment will be available from the CS office in 

AH3.91 on request.  Participants will have to present their ID card to prove that they 

were enrolled in this class and therefore have a right to the information. 
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A7.5 Study Two - Worksheet for TUIC Model 
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Appendix A8: TUI – Teaching UI Pattern 
Language 

The following nineteen patterns are images of those used for Study Three.   

A8.1 Pattern Maps 
In the experiments the structure of the pattern language changed. 

Study One 
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Study Two 
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Study Three 

 

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 example in the list should be moved to the beginning of the pattern before the 

Context section and be given a heading “Illustration.” 

A8.3 The Illustrated Pattern Set 
To create an illustrated pattern set remove the TUIC model diagram illustrating the 

solution.   Move the first image in the examples list to the beginning of the pattern and 

give it a heading “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 this thesis. 
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Appendix A9: Detail of Recommended 
Methods from TUIPL 

The Teaching oriented UI design guided by a Pattern Language framework (TUIPL) for 

the UI 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.   

 

Figure A9.1 - The pattern-guided UI detailed design framework 

UI-pattern modelling takes the information defined in the UI 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 UI-pattern model.  These 

diagrams are then used to guide the development of the TUIC model for the UI. 

Customising patterns takes the information from the UI patterns used in the UI-pattern 

model and modifies them to refer explicitly to the context and the new UI being 

modelled.  This could include using relevant examples and modifying the TUIC 

model diagrams to use naming relevant to the UI rather than generalisations. 

Lo-fi prototyping produces the UI layout and navigation diagrams, guided by the 

project-specific UI patterns.  The lo-fi prototype is created by restructuring the 

TUIC Model.   

Hi-fi prototyping translates the lo-fi prototype into the final user interface.   

The two methods trialled in this research are the UI-pattern modelling and TUIC 

modelling.  Two types of method were trialled.  The first introductory versions were 

used to introduce the students to the methods and to UI patterns.  The second were used 

for developing the same type of model for a new UI from requirements.  
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The introductory methods are based on modelling an existing UI.  The versions here 

have been modified to reflect the experience gained from this research.  It is suggested 

that a teacher 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 development of a new UI after students have gained 

experience with the simplified versions. 

A9.1 Simplified UI-pattern Modelling (existing UI) 
The modified but still simplified method designed to introduce students to both the UI-

pattern models and using UI patterns.  It is expected that students will modify the 

method by introducing intermediate representations (e.g. draft, marking the UI, 

manipulating the UI-patterns into a hierarchy, marking list of pattern names). 

 

Step A. Become familiar with the subset of UI 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 (UI) deals with. 

Step D. Link each selected pattern into the UI-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 UI.  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 UI-pattern model for an existing UI 
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A9.2 Simplified TUIC Modelling (existing UI) 
The modified but still simplified method to introduce students to using selected UI 

patterns to guide the development of a TUIC model. 

 

Step A. Find the subset of UI patterns used in the UI-pattern model and 
become familiar with how they describe the example UI. 

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 UI-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 UI domain  

Figure A9.3- Method for creating a TUIC model for an existing UI 
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A9.3 UI-pattern Modelling (new UI) 
A flexible UI-pattern modelling method for creating a model for a new UI. 

 
 

Step A. Become familiar with the UI patterns. 
Step B. Examine the UI 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 UI-
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. 

Figure A9.4- The UI-pattern model building method 
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A9.4 TUIC Modelling (new UI) 
A flexible TUIC modelling method for creating a model for a new UI. 

 

 
 

Step A. Become familiar with the TUIC symbol set. 
Step B. Starting with the top or root pattern of the UI-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 Modelling 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 UI 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 
UI 
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 UI 
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 A11: The Patterns Questionnaire 

A11.1 Instructions 
Please tick the column that indicates your response to each statement. 

 UI – User Interface Ag
re

e 
U

nd
ec

id
ed

 
D

is
ag

re
e 

     

A11.2 Statements 

Common to Studies One, Two and Three 
1 The information presented in these UI patterns is quite clear.    
2 These UI patterns are helpful when modelling user interfaces.    
3 Usually I found it straight forward to find which pattern to select next.    
4 I enjoyed using these patterns to build a UI pattern model of the user 

interface. 

   

5 It was not difficult to find suitable patterns to model the user interface.    
6 Most of the time I could locate the information I needed in these patterns.    
7 The content described in these patterns is very informative.    
10 It is relatively easy to move from one pattern to the next one when selecting 

patterns to describe a user interface. 

   

11 I felt in command of these patterns when I used them to create the UI-pattern 
model. 

   

13 I would not like to use these UI-patterns when I design a new user interface.    
14 Creating the UI-pattern model could be performed in a straight forward 

manner using these UI patterns. 

   

16 There is sufficient information in each pattern.    
18 The UI 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 UI pattern model.    
24 The set of patterns provided was not adequate for modelling the UI in the 

exercise. 

   

25 It is easy to remember the information in these UI patterns.    
28 Creating the UI-pattern model was not easy    
30 The patterns help me focus my thoughts about building the UI-pattern model.    
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 Common to Studies One and Two 
9 There is never enough information in a single pattern.    
12 These UI patterns are difficult to understand.    
15 Using these UI-patterns helped me discuss UI concepts with my partner    
17 I 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 UI-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 I 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 I found the pattern names confusing.    
26 The pattern names indicated each pattern’s intent.    
29 The examples helped me understand the information in these UI patterns.    
31 I can understand and act on the information provided in these patterns.    
32 I 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 I enjoyed using these patterns when building the TUIC model.    
27 Building the TUIC model could be performed in a straight forward manner 

using the UI patterns. 
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A11.3 Statement Groups 
A subset of the statements has been classified into one of six topics.  These topics 

correspond to objectives for the questionnaire. 

UI-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 UI-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 UI 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 
 

Illustrations 
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 A12: Exit Questionnaire 
Each of the questions was placed on the form with sufficient space between so the 

participant could write their answers. 

Glossary 
UI (User interface) is any interface a user may use to access information or activities using an 
electronic device including web based systems or sites. 

A12.1 Section A - Common to Studies One and Two: 
Background Information  

 
Circle age range:  under 20 / between 20 to 30 / over 30 Circle gender: M / F 
 
1 Which Degree Program (e.g. BA, BSc, BE, DipInfSci) are you currently enrolled in? 

2 Please give details of any additional activities including work experience involving 

user interfaces that may be relevant to your knowledge of user interface 

development:  

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 were in 

using this method for creating conceptual UI models. 

A12.2 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 UI development approaches you currently use or have used: 

4 List any other UI design approaches you are familiar with 

5 Please outline any other experiences or information that may be relevant (e.g. UI 

development 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?  



132 

 

8 How proficient do you consider you are in creating abstract prototypes? 

A12.3 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 UI patterns when 

creating the UI-pattern model? 

Alternatives for Question 3: The Patterns 

Study One 
3 Please indicate 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 Please indicate 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 UI patterns when 

creating the TUIC models? 
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A12.4 Section C - Common to Studies One, Two and 
Three: Creating a UI-pattern model 

Listed below are the steps we suggested you use to create the UI-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 Are there any steps that you consider need to be modified?  -  Y/N 

 If yes, what would you modify? 

 Step Modification 

 Why?  

2 Are there 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 UI-pattern model? 

Alternatives for Question 3: Creating a UI-pattern model 

Studies One and Two 
3 Indicate how you rate creating a UI-pattern model of an existing user interface for 

developing your understanding of the UI 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 UI-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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A12.5 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] 

 
 
1 Are there any steps that you consider need to be modified?  -  Y/N 

 If yes, what would you modify? 

 Step Modification 

 Why?  

2 Are there 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?  

3 In the second exercise you were asked to create a UI-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 UI 

model? 

A12.6 Section E - Common to Studies Two and Three: 
Communication aid 

1 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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A12.7 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 UI 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 UI design 

team?  

1 2 3 4 5 
unhelpful not very helpful helpful very helpful extremely helpful 

 
 Why?  

2. Indicate what impact developing a UI-pattern model might have in improving the 

quality of communication between members of a UI 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 

UI-pattern modelling could have on communication: 

4. Please add any other comments you may have about the impact of using patterns or 

UI-pattern modelling could have in assisting non-professional users work within a 

UI design team: 

A12.8 Section G - for Study Three: Communication 
and Collaboration 

Abstract prototyping uses CAP symbols is used by UI professionals with clients when 

designing new user interfaces after completing task modelling.  TUIC models combine 

CAP symbols and navigation symbols. UI-pattern modelling can be used as a bridge 

between a task model and TUIC modelling.  It should help a user-centered design team 

in their discussion and creation of UI conceptual 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 model: 

1 2 3 4 5 
unhelpful not very helpful helpful very helpful extremely helpful 

 
 Why?  

2. Please indicate your opinion of the usefulness or otherwise of TUIC modelling as a 

suitable UI 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 UI 

design team: 
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Appendix A13: TUIC Test 
Page 1 
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Page 2 
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Appendix A14: Subset of TUIC Components  
Subset of CAP Symbols2

TOOLS 
 

Symbol Interactive Function Examples 

 generic action/operation  

 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 

 notification Email delivery failure notice, Controller status 

ACTIVE MATERIALS 

Symbol Interactive Function with 
Element Examples 

 generic active material  

 selectable collection Performance choices, Font selection 

 editable element Patient name, Next appointment date 

 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. 

 Triple chevron to indicate that there could be zero to many repetitions of a 
component. 
 
Subset of Navigation Symbols1 
Types of transition for moving between interaction spaces. 
TRANSITION TYPES 
Symbol Transition 

 
Transition between context triggered by an action 

 
Transition with implied return 

 Label in square brackets used to indicate action that triggered the 
transition 

                                                      
2 Reference: Constantine and Lockwood, Ltd  

http://www.foruse.com/articles  

!!

Action labelAction label

http://www.foruse.com/articles�
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Appendix A15: Marking and Grading the Models 

A15.1 UI-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.  This was 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 calculated 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 a simple ratio as all alternatives 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% 

• For a B grade marks range from 60% to 75% 
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Appendix A16: Study One – Numeric Data 

A16.1 UI-pattern Model Data 

Partitioned by Pattern Form 

 

Appropriate 
patterns Potential patterns Appropriate links Potential links Overall 

 
illustrated narrative illustrated narrative illustrated narrative illustrated narrative illustrated 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 

p T<t 0.07 
 

0.66 
 

0.83 
 

0.06 
 

1.00 
 

Partitioned by Exercise 

 

Appropriate 
patterns Potential patterns 

Appropriate 
links Potential links Overall 

 
ex1 ex2 ex1 ex2 ex1 ex2 ex1 ex2 ex1 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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A16.2 Timing 

 To Complete Exercises 
 

 Exercise 1 Exercise 2 Average 
Illustrated 28 24 26 
Narrative 32 23 28 
Average 30 24  

To Complete UI-pattern Models 
 

 Exercise 1 Exercise 2 Average 
Illustrated 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 
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Patterns Questionnaire Raw Data 
 

Num Topic 1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 
  Illustrated Patterns Narrative Patterns 
  Exercise 1 Exercise 2 Exercise 2 Exercise 1 
S-01 Clear information 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 1 1 1 -1 

S-02 Patterns helpful 0 1 1 1 -1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0 1 1 1 0 0 0 

S-03 Straight forward to select pattern -1 -1 -1 -1 -1 -1 -1 -1 1 0 -1 1 0 0 -1 0 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 -1 

S-04 Enjoyed building UI pattern model 0 0 0 0 0 1 1 1 1 -1 0 0 0 0 0 -1 1 0 0 0 -1 1 1 -1 0 1 0 0 

S-05 Finding suitable patterns OK -1 0 -1 -1 0 0 1 1 0 0 -1 1 0 1 -1 0 0 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 

S-06 Find required knowledge 0 1 -1 -1 -1 -1 -1 0 -1 0 -1 0 0 -1 0 -1 0 0 -1 -1 0 -1 0 -1 -1 0 -1 -1 

S-07 Patterns informative 0 1 1 1 1 0 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 1 0 0 0 1 1 0 

S-08 Patterns mentally stimulating -1 -1 -1 0 1 -1 1 1 0 1 0 1 1 1 -1 -1 0 0 1 -1 1 1 0 1 1 0 0 1 

S-09 Sufficient information 1 1 1 1 0 1 1 1 1 1 0 1 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 1 

S-10 Easy to find next pattern 0 1 -1 0 0 1 1 0 1 1 -1 1 0 0 0 1 0 0 1 0 -1 0 0 0 -1 -1 -1 0 

S-11 Command of patterns 0 -1 -1 0 1 1 1 1 1 0 0 0 0 0 0 1 1 -1 1 -1 -1 -1 0 -1 0 0 0 0 

S-13 Liked to use patterns designing UI -1 -1 0 1 0 -1 1 0 1 0 0 1 0 -1 -1 1 1 1 -1 0 -1 0 1 0 1 1 1 -1 

S-14 Straight forward method 1 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 0 1 -1 -1 1 1 1 0 0 0 -1 

S-15 Aid UI-concepts discussion -1 -1 1 1 1 1 1 0 1 1 1 1 1 0 0 0 1 0 1 0 1 1 1 1 1 1 1 0 

S-17 Referring back to patterns -1 0 1 1 -1 -1 1 1 1 0 0 -1 1 0 0 1 1 0 0 -1 1 1 1 0 1 1 0 1 

S-18 Patterns easy to understand 0 1 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 0 -1 1 -1 0 0 1 1 1 0 -1 

S-19 Confident about UI knowledge -1 -1 -1 -1 1 0 1 0 1 1 1 1 0 0 -1 -1 1 -1 0 -1 1 1 1 1 1 0 0 0 

S-20 Patterns described UI well 0 0 0 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 1 -1 0 0 1 0 -1 1 1 -1 

S-21 Logical organisation 0 1 0 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 0 -1 -1 -1 0 1 -1 1 1 0 

S-22 Patterns easy to use -1 1 -1 0 0 -1 1 1 1 1 0 1 0 -1 0 1 0 0 -1 -1 -1 0 0 1 1 1 0 -1 

S-23 Number of steps OK 0 1 0 0 0 -1 1 0 1 0 0 0 -1 0 0 1 0 0 0 -1 -1 0 1 0 0 0 -1 0 

S-24 Enough patterns to model UI -1 1 0 0 1 1 1 1 1 1 -1 0 0 -1 -1 1 1 0 1 -1 1 1 1 0 1 0 0 0 

S-25 Content easy to remember 0 1 -1 1 0 -1 -1 1 -1 1 1 1 0 0 1 0 0 1 0 0 0 -1 0 1 0 0 0 -1 

S-27 Aid modelling discussion 0 0 0 1 1 0 1 0 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 1 1 1 0 1 

S-28 Method easy to follow 1 1 0 0 0 0 -1 1 1 1 0 1 0 -1 1 1 0 -1 0 -1 0 0 0 0 0 0 0 -1 

S-30 Patterns aid focus 0 -1 0 0 1 0 1 1 1 1 1 1 1 1 0 0 1 -1 1 0 1 1 0 1 0 1 1 0 

S-01 Clear information 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 1 1 1 -1 

S-02 Patterns helpful 0 1 1 1 -1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0 1 1 1 0 0 0 
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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 UI 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 2 29% 50% 21% 
S-11 Command of patterns 1 29% 46% 25% 
S-13 Liked to use patterns designing UI 3 39% 32% 29% 
S-14 Straight forward method 12 54% 36% 11% 
S-15 Aid UI-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 UI knowledge 4 43% 29% 29% 
S-20 Patterns described UI 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 UI 9 50% 32% 18% 
S-25 Content easy to remember 3 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% 
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A16.4 Exit Questionnaire – Closed Questions 
 
 

PROFICENCY  COMMUNICATION AID UI-PATTERN 
METHOD 

DESIGN 
AID 

Experienced 1 Very helpful 2 6 2 

Reasonable 3 Reasonably 
helpful 6 2 4 

Average or 
OK 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 A17: Study One – UI-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 

as cases 4, 5, 6 and 7.  Demographic data for students in each case is not provided 

because the sample size is so small that individuals may be identifiable from such a 

description.   

 

A. Become familiar with the subset of UI 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 UI 
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 
UI-pattern model.  

Figure A17.1 – The UI-pattern modelling method used for Study One 

The data for each case is described using the same pattern .  First there is a description 

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 UI-pattern modelling method.  Figure 

A17.1 shows the method with the details for each step.   

Each of the seven cases is described in turn.  For each case, exercise one is described 

first followed by exercise two. 

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

F - create 
UI-pattern-model

D - select 
next pattern from 

reference list

E

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

F - create 
UI-pattern-model

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list

E
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A17.1 Case 1 - Illustrated patterns First  
 5 mins  10 mins 15 mins 18 mins 22 mins 24 mins 

IL
LU

S
TR

AT
E

D
 

Pattern list 
UI 
Instructions 
Exercise Sheet  
Pile of patterns 
Pointing to 
illustration 

 UI 
Pile of patterns 
Original 
collection 
Focus on a 
pattern within 
collection 

UI 
Instructions 
Pile of patterns 
Original 
collection 

UI partly hidden 
Instructions 
Selected 
patterns laid out 
overlapping 
Researcher 
pointing to 
reference 
section 

Instruction 
UI partly hidden 
Selected 
patterns laid out 
overlapping 
Partial graph Fi

ni
sh

ed
 

 

 5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23m 

N
A

R
R

A
TI

V
E

-O
N

LY
 Pattern list 

UI 
Instructions 
Exercise Sheet 
Original 
collection 
Pile of patterns 
Pointing to 
component on 
UI 

Pattern list 
UI 
Exercise Sheet 
Pile of patterns 
Pointing to the 
reference 
section 

Pattern list 
UI 
Exercise Sheet 
Pile of patterns 

UI 
Pile of patterns 
Pointing to the 
solution section 
 

UI 
Exercise Sheet 
Pile of patterns 
Selected 
patterns laid out 
as graph 

UI 
Pattern list 
Pile of patterns 
Selected 
patterns laid out 
as graph 
Partial graph Fi

ni
sh

ed
 

Table A17.1- Comparison of observations for 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.  It is not clear how long the students spent 

examining the sets of patterns if at all before they moved focus to the exercise UI.  They 

worked for fifteen minutes examining the UI and selecting patterns, apparently 

matching the initial illustration at the beginning of each patterns to UI 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 UI-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 UI-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 UI because it is in a dominant position after five minutes.  In both exercises the 

students identified a pattern that describes one of the more prominent UI 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 UI 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.   

 

Figure A17.2 - Building a pattern 
hierarchy 

When working with the narrative patterns, they constructed the UI-pattern-model by 

manipulating 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 the illustrated 

patterns. 

 

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 the first two steps (A and B) of the proposed method 

and examined the UI before becoming familiar with the patterns.  Then rather than use a 

top-down approach they have selected patterns that matched UI components that they 

recognised on the exercise UI, 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. 

B - pattern 
familiarisation

A - UI 
examination

C – select
patterns

recognised on UI

D - select 
patterns on 

reference or context list

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model

B - pattern 
familiarisation

A - UI 
examination

C – select
patterns

recognised on UI

D - select 
patterns on 

reference or context list

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model
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A17.2 Case 2 - Illustrated patterns First  
 5 mins  10 mins 14 mins 18 mins 21 mins 25 mins 28 mins 30m 

IL
LU

S
TR

AT
E

D
 

Pattern List 
Original 
collection 
Focus on a 
pattern 
within 
collection 
Pointing to 
the 
reference 
section 

 Selected 
patterns 
laid out 
over-
lapping 

Instructions 
UI 
Selected 
patterns 
laid out 
over-
lapping 

UI 
Pattern list 
Selected 
patterns 
laid out 
over-
lapping 
Rough 
graph 

Pattern list 
Exercise 
worksheet 
Selected 
patterns 
laid out 
overlapping 
Rough 
graph 
Partial 
graph 

Pattern list  
Original 
collection 
Selected 
patterns 
laid out 
over-
lapping 
Completed 
rough 
graph 
Partial 
graph 

UI 
Pattern list 
Pile of 
patterns 
Selected 
patterns 
laid out 
over-
lapping 
Partial 
graph 

Fi
ni

sh
ed

 

 5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23 mins   

N
A

R
R

A
TI

V
E

-O
N

LY
 UI 

Pile of 
patterns 
Instructions 
Focus on a 
pattern 
Pointing to 
forces 
section 

UI 
Pile of 
patterns 

UI 
Instructions 
Pile of 
patterns  
Pointing to 
the UI 

UI 
Pile of 
patterns 
Pointing to 
the 
reference 
section 

UI 
Selected of 
patterns 
laid out 
over-
lapping 
Partial 
graph 

UI 
Instructions 
Selected 
patterns 
laid out 
over-
lapping 
Partial 
graph 

Fi
ni

sh
ed

 

  

Table A17.2- Comparison of observations for Case 2 

The lists of artefacts identified in the images taken throughout the exercises as well 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 UI until 

fourteen minutes into the 

exercise and by eighteen 

minutes, as can be seen in 

Figure A17.4, both 

students are working on a 

rough copy of the UI-

pattern-model recording 

just the pattern id 

numbers. 

 

Figure A17.4 - Working on rough copies of the UI-pattern-
model 

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 UI is clearly visible 

beside the patterns they have selected.  They are drawing the UI-pattern model graph by 

eighteen minutes and one student appears to moving the patterns, once recorded, from 

the central pile across to the left. 

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 exercises in a similar 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 exercises they clearly reviewed the 

patterns they had selected as they drew the final UI-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 a rough copy UI-pattern-model, step E 

then reviewed their work, step F, and finally redrew the model on the worksheet, step G.   

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
UI-pattern-model

draft

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
UI-pattern-model

draft

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list
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A17.3 Case 3 - Illustrated patterns First  
 6 mins  10 mins 14 mins 18 mins 22 mins 25 mins 28 mins 31 

mins 

IL
LU

S
TR

AT
E

D
 

Instructions 
Original 
collection 
Pointing to 
instructions 

 Pattern list 
UI 
Instructions 
Original 
collection 
Pile of 
patterns 

UI 
Pile of 
patterns 
Selected 
patterns 
laid out 
overlapping 
Pointing to 
component 
on UI 
Pointing to 
context 
section 

Pattern list 
UI 
Selected 
patterns 
laid out 
overlapping 

Pattern list 
covered 
UI 
Selected 
patterns 
laid out 
overlapping 
Partial 
graph 

Pattern list 
covered 
UI 
Selected 
patterns 
laid out 
overlapping 
Completed 
graph 

UI 
Selected 
patterns 
laid out  
overlapping 
Completed 
pattern 
graph 
Pointing to 
the 
reference 
section (on 
two 
patterns) 

Fi
ni

sh
ed

 

 5 mins 8 mins 12 mins 15 mins 18 mins 20 mins 23 mins   

N
A

R
R

A
TI

V
E

-O
N

LY
 

Pattern list 
UI 
Original 
collection 
Pointing to 
the forces 
section 

UI 
Pile of 
patterns 
Exercise 
Sheet 
Pointing to 
description 
section 

UI 
Selected 
patterns 
laid out 
overlapping 
Instructions 
Exercise 
Sheet 

Pattern list 
UI 
Selected 
patterns 
laid out 
overlapping 
Partial 
graph 
Pointing to 
reference 
section 

Selected 
patterns 
laid out 
overlapping 
Partial 
graph 
Pointing to 
discussion 
section 

Pattern list 
UI 
Instructions 
Partial 
graph 
Selected 
patterns 
laid out 
overlapping 

Fi
ni

sh
ed

 

  

Table A17.3 - Comparison of observations for Case 3 

The lists of artefacts identified in the series of images for this pair of student are shown 

in Table A17.3.  After the first 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 UI. 

At twenty-five minutes the students have 

completed the graphs, as handed in and 

appear to move onto a review 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 a lot 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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this is the only image in which the UI 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 UI-

pattern-models during the first exercise. 

 

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 a review step at the end as shown in Figure A17.7.   
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A17.4 Case 4 – Narrative patterns First  
 6 mins  11 mins 15 mins 18 mins 22 mins 25 mins 28 mins 31 mins 33 

mins 
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Original 
collection 
Exercise 
Sheet 

 Pattern list 
UI 
Instructions 
Selected 
patterns 
laid out 
overlapping 
Exercise 
Sheet 
Pointing to 
component 
on UI 

Pattern list 
UI 
Pile of 
patterns 
Exercise 
worksheet 
Pointing to 
the problem 
section 

UI 
Selected 
patterns 
laid out 
overlapping 
Rough 
graph 

UI 
Pattern list 
Selected 
patterns 
laid out 
overlapping 
Rough 
graph 

UI 
Pattern list 
Selected 
patterns 
laid out 
overlapping 
Rough 
graph 

UI 
Selected 
patterns 
laid out 
overlapping 
Rough 
graph 
Pointing to 
the forces 
section 

Patterns on 
list marked 
UI 
Instructions 
Selected 
patterns 
laid out 
overlapping 
Partial 
graph 
Pointing to 
component 
on UI 

Fi
ni

sh
ed

 

 

5 mins 8 mins 12 mins 15 mins 18 mins 21 mins 24 mins    
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S
TR
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E

D
 

UI 
Original 
collection 
List 
Pointing to 
component 
on UI 

Pattern list 
UI 
Pile of 
patterns 
 

Patterns on 
list marked 
UI 
Pile of 
patterns 
Pointing to 
component 
on UI 

Patterns on 
list marked 
UI partly 
hidden 
Pile of 
patterns 
Rough 
graph 
Pointing to 
pattern 
name on 
list 

Patterns on 
list marked 
Pile of 
patterns 
Rough 
graph 

Patterns on 
list marked 
Pile of 
patterns 
Rough 
graph 
Pointing to 
pattern 
name on 
list 

Fi
ni

sh
ed

 

   

Table A17.4 - Comparison of observations for Case 4 

The lists of artefacts identified in the images taken throughout the exercises as well as 

the students’ pointing behaviour are listed 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 UI until about eleven minutes have elapsed.  They have begun a rough 

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 a large 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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Figure A17.8 - Working 
directly on pattern list 

When working with the illustrated patterns the 

students appear to predominantly focus on the UI and 

the illustrations.  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 

are creating a rough copy of UI-pattern-model to the 

left of the list 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 UI-pattern-model.  They 

seem to rely on the illustrations during the second exercise rather than pattern content.  

 

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 UI-

pattern-model.  Next at step G, the patterns used for the draft model are reviewed and 

alternatives considered.  Finally a good copy of the model is drawn. 
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A17.5 Case 5 – Narrative patterns First  
 5 mins  11 mins 15 mins 19 mins 22 mins 25 

mins 
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E
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 UI 

Instructions 
Exercise sheet 
Selected patterns 
laid out 
overlapping 
Partial graph 

 UI 
Instructions  
Exercise sheet 
Selected patterns 
laid out 
overlapping 
Pointing to the 
reference section 

UI 
Pattern list 
Exercise sheet 
Pile of patterns 
Pointing to 
component on UI 

UI 
Pattern list 
Instructions 
Pile of patterns 
Partial graph 

UI 
Patterns on list 
marked 
Pile of patterns 
Partial graph 
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ni

sh
ed

 
 

 6 mins 9 mins 13 mins 16 mins 19 mins 22 mins  
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LU

S
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AT
E

D
 

UI partly hidden 
Instructions 
Selected patterns 
laid out 
overlapping 
Partial graph 

Pattern list 
UI 
Instructions 
Selected patterns 
laid out 
overlapping 
Partial graph 
Pointing to 
component on UI 

UI 
Pile of patterns 
Partial graph 

UI 
Instructions 
Pile of patterns 
Partial graph 

UI 
Instructions 
Pattern list 
Pile of patterns 
Partial graph 
Completed graph 

Fi
ni

sh
ed

 

 

Table A17.5 - Comparison of observations for Case 5 

Table A17.5 details the lists of artefacts identified in the images taken throughout the 

exercises as well as the students’ pointing behaviour.  The students appear to have made 

a false start with creating the UI-pattern-model and then spent the next fourteen minutes 

of this exercise studying the narrative patterns.  They begin drawing a rough UI-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 UI-pattern-models at twenty-two minutes and have completed them within 

twenty-five minutes.  Interestingly, the final graphs they are seen working on are not the 

same as the rough copy.  There may have been a review 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 there is a list of pattern numbers beside that rough 

graph which now contains nine patterns.  By nineteen minutes both students have their 

own copies of the UI-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 seems to be in the 

speed with which they started creating a rough copy UI-pattern-model when working 

with the illustrated patterns.   
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Although there is not clear evidence there is 

the suggestion within the images that in both 

cases one student marked the selected 

patterns off on the patterns list as the 

patterns are selected.  When working with 

the illustrated patterns the other student 

created the list by recoding the pattern id’s 

alongside the rough copy as shown in Figure 

A17.10. 

 
Figure A17.10 – Rough copy beside list 

of selected patterns  

 

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 seen in 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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A17.6 Case 6 – Narrative patterns First  
 6 mins 11 mins  15 mins 19 mins 23 mins 25 mins 29 mins 31 mins 33 
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UI 
Instructions 
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Exercise 
Sheet 
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the solution 
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Pattern list 
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reference 
section 
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Pattern list 
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out 
overlapping 
Pointing to 
the 
reference 
section 
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Pattern list 
Instructions 
Selected 
patterns laid 
out 
overlapping 
Partial 
graph 
Pointing to 
the solution 
section 

UI 
Patterns on 
list marked 
Instructions 
Selected 
patterns laid 
out 
overlapping 
Partial 
graph 

UI 
Partial 
graph 
Selected 
patterns laid 
out as 
graph 

UI 
Patterns on 
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Selected 
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out as 
graph 
Partial 
graph 
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ni
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Pattern list 
UI 
Instructions 
Pile of 
patterns 
Selected 
patterns laid 
out 
overlapping 

Pattern list 
UI 
Instructions 
Pile of 
patterns 
Pointing to 
the 
description 
section 

Patterns on 
list marked 
UI 
Instructions 
Pile of 
patterns 
Pointing to 
the solution 
section 

Patterns on 
list marked 
UI 
Instructions 
Pile of 
patterns 
Pointing to 
the 
discussion 
section 

Pattern on 
list marked 
UI 
Instructions 
Pile of 
patterns 

Patterns on 
list marked 
UI 
Instructions 
Selected 
patterns laid 
out as 
graph 
Partial 
graph Fi

ni
sh

ed
 

 

  

Table A17.6 - Comparison of observations for 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 changes into a 

hierarchical structure at twenty-nine 

minutes.  Figure A17.12 shows the 

students adding a third level of patterns 

to the hierarchy at thirty-one minutes.  

They have completed the exercise by 

thirty-three minutes. 

 

Figure A17.12 - Adding next level to 
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 UI clearly visible.  By thirteen 

minutes selected patterns have been marked on the pattern list repeating the technique 



Appendix A17: Study One – UI-pattern Modelling Case Studies 161 

 

seen first in the last six minutes of Exercise One.  A change in the work surface is 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 

UI-pattern models which have been completed by twenty-five minutes. 

When comparing the process the students used for the two exercises it 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 difference is in 

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 difference is 

that they marked their selected patterns on the list when working with the illustrated 

patterns before building the hierarchy.  Because the students are not observed 

examining the UI, and it does not appear to have been moved into the central area at any 

time, it is assumed that they examined this in detail during the first time period and only 

made reference to it as they selected patterns to describe it.   

 

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 selected patterns on the pattern list as patterns are 

selected, steps D and E.  Then using that list they have reorganised the patterns into a 

hierarchy.  Finally they record the UI-pattern model on exercise worksheet. 
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A17.7 Case 7 – Narrative patterns First  
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graph 

UI 
Instructions 
Patterns on 
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graph 
Pointing to 
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Instructions 
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patterns 
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patterns 
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patterns 
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patterns 
laid out 
overlapping 
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reference 
section 
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Pile of 
patterns 
Selected 
patterns 
laid out 
overlapping 
Pointing to 
the 
illustration 

Instructions 
Pattern list 
UI 
Pile of 
patterns 
Selected 
patterns 
laid out 
overlapping 

Instructions 
Pattern list 
UI 
Pile of 
patterns 
Selected 
patterns 
laid out 
overlapping 
Partial 
graph 

Instructions 
Pattern list 
UI 
Pile of 
patterns 
Selected 
patterns as 
graph 
Partial 
graph 
Completed 
rough 
graph 

Fi
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sh
ed

 

  

 

Table A17.7 - Comparison of observation for Case 7 

The list of artefacts and items of interest for this pair of students are found in Table 

A17.7.  As this group was the last 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 minutes it 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 UI-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 developed three layers of the pattern hierarchy and are 

drawing the matching UI-pattern-model.  They appear to have extensively discussed 

pattern content as they take nine more minutes to complete the exercise. 
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When using the illustrated patterns this pair 

of students seems to start selecting patterns 

using the UI and the pattern list as seen in 

the first image.  At ten minutes the UI is still 

prominent and they appear to be comparing 

two patterns.  In Figure A17.14 they are 

seen comparing the UI with the pattern’s 

illustration.   

 

Figure A17.14 - UI being compared with 
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 UI-pattern-model.  The other student has drawn a rough 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 completing the second exercise.  

When working with both pattern sets the students made frequent reference to the UI 

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 final 

version of their graph. 

 

Figure A17.15 - Apparent method used by Case 7 

The method these students appear to use when working with the narrative patterns is 

shown in Figure A17.15.  For the first four steps they appear to follow the proposed 

method.  They may have used the UI to identify patterns rather than the reference 

section in patterns as the UI was obviously being referred to a lot 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 a result 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.   

A18.1 UI-pattern Patterns 

Justification for most useful pattern section 
⇒ 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 a feel for how you’d stack them in the hierarchy.  Also helped match to 

the parts of the UI (context & reference) 
⇒ Undecided 

Justification for least useful pattern section 
⇒ 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 use it (forces) 
⇒ Too much useless information (Discussion) 
⇒ It was long and I 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 the illustrations 
⇒ 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 UI-pattern modelling 

UI-pattern Model 
⇒ Because I 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 I have already seen all the patterns in use and the 

patterns seem to make the job more complicated 
⇒ Help me understand UIs better 
⇒ I 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 helped visualize the UI 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 time is given with 

details given beforehand (i.e. read and understand) 
⇒ Would help provide ideas for how the UI should be presented 

Using the UI patterns when creating the UI-pattern model 
⇒ Because it clearly showed how the patterns are applicable and how they relate 
⇒ Because it increased my knowledge of patterns from none to a lot in a crash 

course 
⇒ Because then I could see what use the patterns had 
⇒ Being able to class UI by parts with names and given specific objectivity makes 

me wonder if I actually have been doing something similar already 
⇒ Didn’t attend pattern lecture 
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⇒ Enable me to understand pattern in more details via the two models we have to 
create 

⇒ Had not encountered UI patterns before 
⇒ I 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-related. 
⇒ My non-existent knowledge of HCI now exists 
⇒ Put theory into practice 

The UI-pattern modelling method 
⇒ 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 exercise is 
⇒ Helped avoid looking at the same ones too many times 
⇒ It wasn’t always 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 
⇒ STEP E – Similar to step D; it is just repetition 

Modify 
⇒ STEP A – Perhaps have a hierarchical map of how the patterns relate [so as] To 

avoid looking at the same ones many times 
⇒ STEP A – Similar to step B. could do away with it and start with step B 
⇒ STEP C – Give all the patterns related and possible hierarchical patterns [because] 

It wasn’t always 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 exercise is 

A18.3 Communication with Partner 

Patterns 
⇒ Able to 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 a place to start discussion, I guess referring the (reverse) modelling process. 
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⇒ 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 UI features we 

were looking at 

UI-Pattern Modelling Help Design a New UI  
⇒ These examples were analysis, not design. Would prefer to find the elements 

needed to design the best UI, 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 a lot 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 UIs, 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!   
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Appendix A19: Study One – Student Derived 
Methods 

The methods derived from the analysis of the image sequences.   

Case 1 

 

Case 2 

 

Case 3 

 

Case 4 

 

Case 5 

 

Case 6 

 

Case 7 

 

 

B - pattern 
familiarisation

A - UI 
examination

C – select
patterns

recognised on UI

D - select 
patterns on 

reference or context list

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model

B - pattern 
familiarisation

A - UI 
examination

C – select
patterns

recognised on UI

D - select 
patterns on 

reference or context list

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
draft model

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
draft model

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
UI-pattern-model

F - review
pattern selection

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
UI-pattern-model

F - review
pattern selection

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
UI-pattern-model

F - review
pattern selection

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
draft model

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

E - create 
draft model

F - review
pattern selection

G - draw 
UI-pattern-model

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

D – record
on pattern list

E - select 
next pattern using 

reference list

G - create 
UI-pattern-model

F - add selected 
patterns 

to draft model

E – review
pattern selection

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

D – record
on pattern list

E - select 
next pattern using 

reference list

G - create 
UI-pattern-model

F - add selected 
patterns 

to draft model

E – review
pattern selection

B - pattern 
familiarisation

A - UI 
examination

C - select 
overall pattern

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model

D – record
on pattern list

E - select 
next pattern using 

reference list

B - pattern 
familiarisation

A - UI 
examination

C - select 
overall pattern

F – Lay patterns
out as 

UI-pattern-model

G - draw 
UI-pattern-model

D – record
on pattern list

E - select 
next pattern using 

reference list

D – record
on pattern list

E - select 
next pattern using 

reference list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

G - draw 
UI-pattern-model

F - Lay patterns
out as 

UI-pattern-model

D - select 
next pattern from 

reference list

E – record
on pattern list

A - pattern 
familiarisation

B - UI 
examination

C - select 
overall pattern

G - draw 
UI-pattern-model

F - Lay patterns
out as 

UI-pattern-model

D - select 
next pattern from 

reference list

D - select 
next pattern from 

reference list

E – record
on pattern list
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Appendix A20: Study Two – Numeric Data 

A20.1 UI-pattern Model Marks 
 

 
Appropriate 

patterns Potential patterns Appropriate 
links Potential links Overall 

 
Exp1 Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 Exp2 Exp1 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 
TUIC 

components 

Potential 
TUIC 

components 
Potential 
nesting 

Appropriate 
labelling Overall 

 
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 
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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 0 -1 0 0 

S-02 Patterns helpful 1 1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 1 1 0 -1 1 -1 

S-03 Straight forward to select pattern 0 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 UI 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 0 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 0 1 1 

S-09 Sufficient information 1 1 1 1 1 -1 -1 -1 0 -1 1 1 1 0 -1 0 1 1 0 -1 -1 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 UI 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 1 0 1 1 1 -1 1 1 0 0 0 0 1 0 -1 0 0 

S-15 Aid UI-concepts discussion 1 1 1 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1 0 0 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 0 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 UI well 1 1 0 1 1 -1 1 1 1 -1 1 0 0 1 1 0 1 1 0 -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 1 0 

S-22 Patterns easy to use 1 1 1 0 -1 -1 1 1 0 1 1 1 1 0 0 -1 1 0 -1 -1 -1 -1 

S-23 Number of steps OK 0 0 0 0 -1 -1 1 1 1 -1 0 1 0 -1 -1 0 -1 0 -1 0 -1 -1 

S-24 Enough patterns to model UI 1 1 1 0 0 0 0 1 1 1 0 1 1 1 0 0 1 1 0 0 1 1 

S-25 Content easy to remember -1 -1 0 0 1 0 0 0 1 0 0 1 -1 0 1 0 1 0 -1 -1 0 -1 

S-26 Pattern names indicate intent 1 1 1 1 0 0 0 0 1 0 1 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 0 -1 1 0 

S-28 Method easy to follow -1 1 -1 -1 -1 1 1 1 1 -1 1 1 0 0 -1 0 1 1 -1 -1 -1 -1 

S-29 Examples helpful 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 -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 -1 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 UI 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 UI 0 36% 27% 36% 
S-14 Straight forward method 7 45% 41% 14% 
S-15 Aid UI-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 UI 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 UI 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 
 

Question q1 q2 q3.1 q3.2 q3.3 q3.4 q3.5 q3.6 q4.1 q4.2 q4.3 q5 
Answer d c e f c d a b a b c b 

 
Question q1 q2 q3.1 q3.2 q3.3 q3.4 q3.5 q3.6 q4.1 q4.2 q4.3 q5 

 c a c d c d a b a b b a 

 c a c d c d a b a b b a 

 c a e f c d a b a b b a 

 c b e f c d a b a b b a 

 d b e f c d a b a b b b 

 d b e f c d a b a b b b 

 d b e f c d a b a b b b 

 d c e f c d a b a b b b 

 d c e f c d a b a b b b 

 d c e f c d a b a b c b 

 d c e f c d a b a b c b 

 d c e f c d a b a b c b 

 d c e f c d b b a b c b 

 d c e f c d b b a b c b 

 d c f f c d e b a b c b 

 d c f f c d e b a c c b 

 d c f f c f e e a c c c 

 d c f f c f e e a c c c 

 d c  f c    a c c c 

 d c  f c    a c c c 

 d c  f f    a c c c 

 d c  f f    a c c c 

 d c          c 

 d           c 
Num right 20 16 12 20 20 16 12 16 22 15 13 12 

Num answered 24 24 24 24 24 24 24 24 24 24 24 24 
Percentage 

correct 83% 67% 50% 83% 83% 67% 50% 67% 92% 63% 54% 50% 
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A20.6 Exit Questionnaire – Closed Questions 
 

 Proficiency  
Communication 

Aid 

UI-
Pattern 

modelling 

TUIC 
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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Appendix A21: Study Two – TUIC Modelling 
Case Studies  

A21.1 Case 1 
 

 3 mins 5 mins 8 mins 11 mins 15 mins 19 mins 23 mins 26m 

A
rt

ef
ac

ts
 

Pattern list 
UI 
UI-pattern 
model 
Pattern #1 & 
#3 
TUIC symbols 
TUIC model 

Pattern list 
UI 
UI-pattern 
model 
Pattern #1 & 
#3 
TUIC model 

Pattern list 
TUIC symbols 
UI 
UI-pattern 
model 
TUIC model 
Pattern #3 

Pattern list 
TUIC symbols 
UI 
TUIC model 

Pattern list 
TUIC symbols 
UI 
TUIC model 
Pattern #11 & 
#16 

Pattern list 
TUIC symbols 
UI 
TUIC model 
Pattern #11 & 
#16 

Pattern list 
TUIC symbols 
UI 
TUIC model 

Fi
ni

sh
ed

 

A
ct

io
ns

 

Pointing to 
instruction  
Focus on 
pattern # 3 

Drawing TUIC 
component 

Pointing to 
TUIC 
component on 
model 
Focus on UI 

Drawing TUIC 
component 
Focus on UI 

Drawing TUIC 
component 
Focus on UI 

Drawing TUIC 
component 
Focus on UI 

Focus on UI 

Table A21.1 - Observation of case one completing TUIC modelling exercise 

After working on this exercise for three minutes these students appear to have 

completed examining the UI-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 patterns in 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 

requesting 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 UI to locate the next pattern 

they would examine.  They have 

added most CAP or navigation 

symbols to their diagram after 

nineteen minutes and start adding 

domain-specific labels.  

 
Figure A21.1 - Working from the anotated 

UI 
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These students do not sort out the subset of UI patterns making up the UI-pattern model 

as instructed in step A but followed steps B through to F of the proposed UI conceptual 

modelling method.  At the end they appear to check their model by matching TUIC 

components with corresponding UI elements. 
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A21.2 Case 2 
 

 3 mins 5 mins 9 mins 12 mins 15 mins 20 mins 23 mins 27m 
A

rt
ef

ac
ts

 

UI-pattern 
model 
TUIC symbols 
TUIC model 
Instructions 
Pattern 
collection in 
clip  

UI-pattern 
model 
TUIC symbols 
TUIC model 
Instructions 
Pattern #3 

UI-pattern 
model 
TUIC symbols 
UI 
TUIC model 
Instructions 
Pattern #1 

UI-pattern 
model 
UI 
TUIC model t 
Pattern #3 

UI-pattern 
model 
UI 
TUIC model 
TUIC symbols 
Instructions 
Pattern #3 

UI-pattern 
model 
UI 
TUIC model 
TUIC symbols 
Instructions 
Pattern #3 

UI-pattern 
model 
UI 
TUIC model 
TUIC symbols 
Instructions 
Pattern #3 

Fi
ni

sh
ed

 

A
ct

io
ns

 Focus on UI-
pattern model 
Focus on TUIC 
symbols 

Focus on UI 
Focus on TUIC 
model 

Focus on UI Drawing TUIC 
component 
Focus on 
pattern #3 

Focus on TUIC 
symbols 

  

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 UI-

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 UI-pattern model and the UI 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 

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 

interaction spaces has been added 

after fifteen minutes. 

 
Figure A 21.2 – Adding first interaction 

space of the second level 

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 UI-pattern model and the annotated UI 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 UI-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 
A

rt
ef

ac
ts

 

UI-pattern 
model 
Pattern list 
TUIC model 
Instructions 
Pattern 
collection in 
clip  

UI-pattern 
model 
Pattern list 
UI 
TUIC model 
Instructions 
Pattern #7 
Pattern 
numbers on 
UI marked 

UI-pattern 
model 
UI 
TUIC model 
Instructions 
Pattern #7 

UI-pattern 
model 
UI 
TUIC model 
Instructions 
TUIC symbols 
Pattern #11 

UI-pattern 
model 
UI 
TUIC model 
TUIC symbols 
Instructions 
Pattern #16 

UI 
TUIC model 
Instructions 
TUIC symbols 
(under) 
Pattern #11 

UI 
TUIC model 
Instructions 
TUIC symbols 
UI-pattern 
model 
Pattern #11 

Fi
ni

sh
ed

 

A
ct

io
ns

 Focus on UI-
pattern model 

Focus on UI 
Pointing to 
TUIC model 
diagram on 
pattern #3 

Pointing to 
component on 
UI 

Focus on TUIC 
model 
Focus on UI-
pattern model 

Focus on UI 
Pointing to 
component on 
UI 

Focus on UI Focus on UI 

Table A21.3 - Observation of case three completing TUIC modelling exercise 

 

After three minutes these students are studying the UI-pattern model and appear to be 

comparing it with the UI.  Although the TUIC components list is not visible a later 

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 this to the UI.  The main interaction space has been 

added to their TUIC model.  At nine minutes the UI 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 UI 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 UI and possibly marking the id for Pattern 16.  At twenty 

minutes they have returned to the middle interaction space and are back studying 

Pattern 11 and the UI.  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 UI 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 UI 
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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 
A

rt
ef

ac
ts

 

UI-pattern 
model 
UI 
Pattern list 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #1 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 

UI-pattern 
model 
UI 
Pattern list 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #7 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #7 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #13 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #11 
& 13 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #13, 
#11 

UI-pattern 
model 
UI 
Draft model 
Instructions 
TUIC 
symbols 
Pattern #11, 
#13 Fi

ni
sh

ed
 

A
ct

io
ns

 

Focus on 
instructions 

Focus on 
instructions 

Focus on 
pattern list 

Focus on 
pattern #7 

Drawing 
TUIC 
component 

Focus on 
pattern #11 
& #13 

Holding 
patterns in 
hand 
Pointing to 
TUIC 
component 

Drawing 
TUIC 
component  

Table A21.4- Observation of case four completing TUIC modelling exercise 

 

At three minutes these students have carefully laid out the UI and UI-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 UI-pattern model as a structured list and now 

appear to be studying the instructions.  

They have erased the copy of the UI-

pattern model after six minutes.  This 

image has not captured what they are 

doing but it is assumed they are 

studying the UI 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 this image.  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 steps in 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 UI and UI-pattern model were clearly visible to both students throughout the 

modelling exercise but the images capture the student mostly studying the TUIC model 

diagrams illustrating 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 the rest in 

order.  After the false start of just copying the UI-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 Case 5 
 3 mins 6 mins 9 mins 12 mins 17 mins 20 mins 24 mins 28 mins 30 mins 

A
rt

ef
ac

ts
 

UI 
Pattern list 
Instructions 

UI 
UI-pattern 
model 
Pattern list 
TUIC 
model 
Pattern #3 

UI 
Pattern list 
TUIC model 
Pattern #3 

 

UI 
UI-pattern 
model 
Pattern list 
Instructions 
TUIC 
symbols 
TUIC model 
Pattern #3 

UI 
Pattern list 
Instructions 
TUIC 
symbols 
TUIC model 
Pattern #3 

UI 
Pattern list 
UI-pattern 
model 
Instructions 
TUIC model 
Pattern #3 
Patterns 
on UI-
pattern 
model 
marked 

UI 
Pattern list 
UI-pattern 
model 
Instructions 
TUIC model 
Pattern #3, 
#15 & #6 
TUIC 
symbols 

UI 
Pattern list 
UI-pattern 
model 
TUIC 
model 
Pattern #19 

UI 
Pattern list 
TUIC model 
Pattern #15, 
#6 & #16 

A
ct

io
ns

 

Focus on UI 
Holding 
patterns in 
hand 

Focus on 
UI-pattern 
model 

Drawing 
TUIC 
component 
Focus on UI 

Pointing to 
TUIC 
component 
on TUIC 
model 
Focus on UI 

Drawing 
TUIC 
component 

Focus on 
the UI-
pattern 
model 
Drawing 
TUIC 
component 

Pointing to 
component 
on UI 

Holding 
TUIC 
model 
Focus on 
UI 

Drawing 
TUIC 
component 
Finished at 
32 mins 

Table A21.5- Observation of case five completing TUIC modelling exercise 

The UI appears to 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 UI-pattern model and the root pattern has been located.  At nine minutes 

the students are drawing the containing interaction space and the UI is clearly the 

artefact they are using as a focus.  By twelve minutes they are working on the first of 

the three interaction spaces at the next level but still using the UI as they main focus.  It 

is also 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 UI-pattern model 

to order their exploration of the patterns.  At 

twenty minutes the students have been 

focussing on the UI-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 

UI.  They appear to be discussing how to 

represent the table on the UI as they are 

pointing to it and are clearly working on the 

details of the second interaction space at level 

 
Figure A 21.5 – Apparently 

discussing how to represent the 
table 
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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 UI-pattern model and marked patterns 

on it as they are used them.  They also appear to check with the annotated UI at the 

same time.  To begin with they shuffled the patterns and kept them in ID 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 complete the exercise.  They effectively 

swapped steps A and B.  Unfortunately the first image is blurred and only partly shows 

the work surface but it appears the students are studying the UI and TUIC symbols.  In 

the second image they have moved the UI-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 time to 

complete step F. 
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A21.6 Case 6 
 

 4 mins 6 mins 9 mins 13 mins 17 mins 21 mins 24 mins 28m 
A

rt
ef

ac
ts

 

UI 
UI-pattern 
model 
Instructions 
TUIC model 
TUIC symbols 
Pattern #3 & 
#4 

UI 
UI-pattern 
model 
Instructions 
TUIC model 
Pattern #3 & 
#4 

UI 
UI-pattern 
model 
Instructions 
TUIC model 
Pattern #3, 
#15, #11, #9 & 
#7 

UI 
UI-pattern 
model 
Instructions 
TUIC model 
Pattern list 
TUIC symbols 
Pattern #3 & 
#8 

UI 
UI-pattern 
model 
Pattern list 
TUIC symbols 
TUIC model 
Pattern #11 & 
#15 
Pattern 
numbers on 
UI marked 

UI 
UI-pattern 
model 
Pattern list 
TUIC symbols 
TUIC model 
Instructions 
Pattern #11 & 
#17 

UI 
UI-pattern 
model 
Pattern list 
TUIC symbols 
TUIC model 
Pattern #11 & 
#16 

Fi
ni

sh
ed

 

A
ct

io
ns

 

Focus on UI 
Focus on UI-
pattern model 
Drawing TUIC 
component 

Pointing to 
node on UI-
pattern model 

Drawing TUIC 
component 
Focus on UI 
Holding 
patterns in 
hand 

Focus on UI 
Pointing to 
pattern 

Focus on UI 
Drawing TUIC 
component 

Focus on UI  
Focus on TUIC 
model 

Focus on 
pattern #15 
(held in hand) 
Focus on TUIC 
symbols 

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 UI is clearly visible at the top of the 

work surface and the UI-pattern model is lying between the students.  Relevant patterns 

are also 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 UI-pattern 

model that represents the third interaction space.  At nine minutes the UI is clearly in 

focus and the students are examining patterns while adding the outline of the third 

interaction space to their models.  The UI-pattern model is visible between the students 

at thirteen minutes and students appear to be studying pattern content.  At seventeen 

minutes the UI 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 a relevant 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 area is 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 UI and the UI-pattern model to help 

guide their modelling.  Later on, they appear to be more reliant on the UI 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 UI-pattern model 

between the students with the UI 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 labels and some with domain-specific 

labels.  Erasures indicate 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 

A
rt

ef
ac

ts
 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 
Patterns on UI-
pattern model 
marked  

UI 
UI-pattern model 
TUIC symbols 
TUIC model 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 

Fi
ni

sh
ed

 

A
ct

io
ns

 Focus on UI 
Focus on UI-
pattern model 

Focus on TUIC 
symbols 
Pointing to 
component in list 

Drawing TUIC 
component 
Focus on UI 
Focus on UI-
pattern model 

Drawing TUIC 
component 
Focus on UI-
pattern model 

Pointing to TUIC 
component on 
TUIC model 

Drawing TUIC 
component  

Table A21.7- Observation of case seven completing TUIC modelling exercise 

 

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 the first image they had laid the UI and UI-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 UI-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 UI-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 UI-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 

minutes. 

 
Figure A 21.7 – Apparently reviewing the 

model 
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These students clearly focused on the UI-pattern model as they completed their TUIC 

models.  It is assumed 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 a review 

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 
A

rt
ef

ac
ts

 

UI 
UI-pattern 
model 
TUIC symbols 
TUIC model 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
TUIC model 
Pattern #3 & 
#7 

UI 
UI-pattern 
model 
Pattern list 
TUIC model 
Pattern #9 

UI 
UI-pattern 
model 
Pattern list 
TUIC model 
Pattern #9 & 
#4 
Patterns on 
UI-pattern 
model marked 

UI 
UI-pattern 
model 
TUIC model 
Pattern #4, #6 
& #9  

UI 
UI-pattern 
model 
TUIC model 
Pattern #11, 
#9 & #4  

UI 
UI-pattern 
model 
Pattern list 
TUIC symbols 
TUIC model 
Pattern #17, 
#6 & #4 

Fi
ni

sh
ed

 

A
ct

io
ns

 

Drawing TUIC 
component 
Focus UI-
pattern model 

Drawing TUIC 
component  
Focus UI-
pattern model 

Pointing to 
component on 
UI 
Focus UI-
pattern model 

Focus UI-
pattern model 
Pointing to 
component on 
UI 

Focus on 
pattern #6 
Pointing to 
TUIC 
component on 
TUIC model 

Focus on 
pattern #11 
Drawing TUIC 
component 

Focus on 
pattern #17 
Drawing TUIC 
component 

Table A21.8- Observation of case eight completing TUIC modelling exercise 

 

In the first image the students have laid the UI and the TUIC symbols at the top of the 

work space and have the UI-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 UI-pattern model.  At both 10 minutes 

and 13 minutes one student can be seen pointing to components on the UI and they 

appear to be discussing how to represent the details of the second interaction space.  

They have also marked pattern nodes on the UI-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 completing the third interaction space and 

they have completed their models by twenty-eight minutes. 
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These students predominately relied on 

the UI-pattern model to guide the 

development of their TUIC model, which 

shows pattern nodes marked.  They 

added domain-specific names to 

components as they developed the 

model. 
 

Figure A 21.8 – Marking progress on the 
UI-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 
A

rt
ef

ac
ts

 

UI 
UI-pattern model 
TUIC symbols 
TUIC model 
Instructions 
Pattern #3 
Matching TUIC 
components 
listed on UI-
pattern model  

UI 
UI-pattern model 
TUIC symbols 
TUIC model 
Instructions 
Pattern #3, #9 & 
#8  

UI 
TUIC model 
TUIC symbols 
Instructions 

UI 
UI-pattern graph 
TUIC model 
Instructions 
TUIC symbols 
Pattern #3  

UI 
UI-pattern graph 
TUIC model 
Instructions 
TUIC symbols 
Pattern #3  

UI 
UI-pattern graph 
TUIC model 
Instructions 
Pattern #3 & #9  

Fi
ni

sh
ed

 

A
ct

io
ns

 

Drawing TUIC 
component 

Focus on TUIC 
model 
Focus on TUIC 
symbols 

Pointing to 
component on UI 

Focus on UI-
pattern model 

Focus on TUIC 
model 

Focus on TUIC 
model 

Table A21.9 - Observation of case nine completing TUIC modelling exercise 

In the first 4 minutes these students have already had time to create a list of CAP and 

navigation symbols which they consider will be used to describe the UI on the side of 

the UI-pattern model.  They have also labelled the relevant components on the UI 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 UI and UI-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 UI.  At this point 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 UI, UI-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 UI and the UI-pattern model to help 

guide their modelling throughout the exercise.  Their use of the patterns is not clear as 

in most images these are not shown.  They added domain-specific names to the 

components as they developed the model. 
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Figure A 21.9 - Listing TUIC components on UI-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 diagrams illustrating the 

patterns on the UI-pattern model as they examined each pattern and.  They appear to 

have identified which parts of the UI these represented.  Next they are seen still 

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 

A
rt

ef
ac

ts
 

UI 
UI-pattern model 
Pattern list 
TUIC model 
Pattern #3 
Pattern #1 

UI 
UI-pattern model 
Pattern list 
TUIC model 
Instructions 
Pattern #8 

UI 
UI-pattern model 
TUIC model 
Drawing TUIC 
component 
Pattern #11 
Pattern #9 

UI 
UI-pattern model 
TUIC model 
Focus on pattern 
Pattern #9 
Pattern #6  
Pattern #3 

UI 
UI-pattern model 
TUIC model 
Pattern #19  
Pattern #11  
Pattern #3  
Pattern #6  

UI 
UI-pattern model 
TUIC model 
Pattern #11  
Pattern #3  
Pattern #6 

Fi
ni

sh
ed

 

A
ct

io
ns

 

Focus on pattern 
Focus on 
instructions 
Pointing to the 
reference section 
pattern #3 

Focus on pattern 
#8 
Focus on UI 

Focus on pattern 
#11 
Focus on TUIC 
model 

Focus on UI-
pattern model 
Drawing TUIC 
model 

Focus on TUIC 
model 
Pointing to TUIC 
model diagram on 
pattern 19 

Focus on the UI 
Pointing to TUIC 
component on 
TUIC model 

Table A21.10 - Observation of case ten completing TUIC modelling exercise 

The UI-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 UI.  The UI-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 UI is now placed on top of and 

over lapping the UI-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 UI 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 UI-pattern model and it was 

visible throughout the exercise.  But in the finishing stages the UI seemed to be more 

prominent.  Their main focus though was on the TUIC model diagrams illustrating each 



198 

 

of the patterns.  They added domain-specific names to components as they developed 

the model. 

These students followed steps A through E of the proposed method.  In the first image 

the UI-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 UI domain-specific names.  It is not 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 
A

rt
ef

ac
ts

 

UI 
UI-pattern model 
Pattern list 
TUIC model 
Pattern #3 
Pattern #1 

UI 
UI-pattern model 
Pattern list 
TUIC model 
Instructions 
Pattern #8 

UI 
UI-pattern model 
TUIC model 
Pattern #11 
Pattern #9 
Patterns on UI-
pattern model 
marked 

UI 
UI-pattern model 
TUIC model 
Pattern #9 
Pattern #6  
Pattern #13 

UI 
UI-pattern model 
TUIC model 
Pattern #19  
Pattern #11  
Pattern #13  
Pattern #6  

UI 
UI-pattern model 
TUIC model 
TUIC symbols 
Pattern #17  
Pattern #19  

Fi
ni

sh
ed

 

A
ct

io
ns

 Focus on pattern 
Focus on UI-
pattern model 
Pointing to the 
table on UI 

Focus on pattern 
on pattern #8 
Focus on UI 

Focus on pattern 
#11 
Focus on TUIC 
model 

Focus on UI-
pattern model 
Focus on TUIC 
model 

Focus on TUIC 
model 
Pointing to 
pattern node on 
UI-pattern model 

Focus on TUIC 
model 
Pointing to TUIC 
component on 
TUIC model 

Table A21.11 - Observation of case eleven completing TUIC modelling exercise 

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 a draft 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 UI 

and the UI-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 UI-pattern model.  At 

fourteen minutes the students have not added any more details to 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 UI-

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 UI-pattern model and pattern content appear to have been important to these 

students although the UI 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 

as they 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 spaces first, leaving the most complex till last.  They added a review 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 

A
rt

ef
ac

ts
 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #3 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #7 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #7 & 
#6 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #13, 
#18 & #19 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #16 & 
#4 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #16 & 
#4 

UI 
UI-pattern 
model 
TUIC symbols 
Pattern list 
Instructions 
TUIC model 
Pattern #7 

Fi
ni

sh
ed

 

A
ct

io
ns

 

Focus on 
pattern #3 

Focus on UI 
Focus on 
pattern #7 
Pointing to 
component on 
TUIC symbols 
list 

Focus on UI 
Focus on 
pattern #6 
Drawing TUIC 
component 

Focus on 
patterns #13 & 
#19 
Drawing TUIC 
component 

Focus on UI 
Pointing to 
solution 
section on 
pattern #4 
Pointing to 
TUIC 
component on 
TUIC model 

Focus on UI 
Drawing TUIC 
component 

Drawing TUIC 
component 

Table A21.12 - Observation of case twelve completing TUIC modelling exercise 

These students are studying pattern content at four minutes.  The UI, UI-pattern model 

and TUIC symbols are placed in prominent positions on the work surface indicating that 

they have been examined earlier.  At eight minutes the UI 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 UI is prominent between the students throughout this 

period.  At twenty-three minutes it 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 UI 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 

relevant patterns spread across the work space. 

 
Figure A 21.12 - Flicking 
through clipped patterns 
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It is assumed that these students at least partially 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 alphabetically.   

A22.1 UI-pattern Patterns 

Justification for most useful pattern section 
⇒ Another perspective (Problem context ) 
⇒ Basis of further design (Problem ) 
⇒ Can just follow the diagram it is easy reference can send directly to (next) pattern 

to look 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 ) 
⇒ I could look at and recognise them (examples ) 
⇒ It gave us a quick 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 I can look at it and be able to recognise them (examples ) 
⇒ Very helpful (Diagram  ) 
⇒ Visual aspects are clearer (Context, diagram ) 
⇒ Visual data is easy to understand (Diagram examples ) 

Justification for least useful pattern section 
⇒ Can continue without discussion (Discussion ) 
⇒ Did not have time to read it and understand (discussion ) 
⇒ Didn’t make a lot of sense I couldn’t relate to the pattern (Forces ) 
⇒ Didn’t need to read it (discussion ) 
⇒ Just didn’t find it relevant (forces ) 
⇒ Might be a way of reference (Diagram ) 
⇒ Not enough time to 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 
⇒ Because it gave us a visual aid to what we were supposed to come up with 
⇒ Gave you a general 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 

No 
⇒ The diagrams alone doesn’t quite help to get the big picture of what its about 
⇒ I 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 I focused on 
⇒ The list 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 UI-pattern modelling 

Using the UI patterns when creating the UI-pattern model 
⇒ Actual activities help me remember 
⇒ All information provided when knowledge lacking 
⇒ Because I had no previous knowledge 
⇒ Found it confusing as not enough time to look at all the info 
⇒ Gave a standard and background knowledge for non-designers 
⇒ Gave me a chance to use what knowledge I currently have 
⇒ Good for remembering what detail needs to be specified 
⇒ Good to see pattern examples 
⇒ It allowed me to see a whole new world 
⇒ Now I can reasonably create a UI pattern model for other user interfaces 
⇒ Showed examples 
⇒ Too quickly done 

The UI-pattern modelling method 
⇒ Interesting exercise once I 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 
⇒ Thanks for the exercise 

Steps in Method 

Remove 
⇒  More explanation required 

Modify 
⇒ STEP A – More time 
⇒ STEP A – Need more time to become familiar 

A22.3 TUIC Modelling 

Using the UI patterns when creating the TUIC model 
⇒ Good to see pattern examples 
⇒ I can now reasonably be able to create a UI conceptual model for other user 

interfaces. 
⇒ I used them 
⇒ It clarified what knowledge we had attempted to do in the first exercise 
⇒ Just provided a new way of doing UI hence more knowledge on how to design 

good UI. 
⇒ 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 

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’s clear enough to understand too 
⇒ Needed more explanation 

A22.4 Communication with Partner 

Patterns 
⇒ Able to point to examples and compare physical evidence. 
⇒ Another point of view 
⇒ Because it made it easier to get the exercise done. 
⇒ Because then I knew that he would know what I was talking about. 
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⇒ 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 have insight into formal design methods. 
⇒ They provided an example and related to the context. 
⇒ You actually have something rely on and get to talk about. 
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Appendix A23: Study Three – Numeric Data 

A23.1 UI-pattern Model Data 
 

  Participant One Two Three 
Patterns valid 22 12 12 

 
not valid 0 0 0 

 
missed 2 7 8 

 
%appropriate patterns 100% 100% 100% 

 
% potential patterns 92% 63% 60% 

     Structure 
- links appropriate 20 11 10 

 
inappropriate 1 0 0 

 
missed 0 0 1 

 
% appropriate links 95% 100% 100% 

 
% potential links 100% 100% 91% 

     
 

overall score 97% 91% 88% 
 

A23.2 TUIC Model Data 
 

Participant One Two Three 
valid 18 19 19 

not valid 0 0 1 
missed 3 2 4 

% appropriate TUIC components 100% 100% 95% 
% potential TUIC components 86% 90% 83% 

    general/unnamed 0 0 0 
specific 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 UI patterns is quite clear. 1 0 0 

These UI patterns are helpful when modelling user interfaces. 1 1 1 

Usually I found it straight forward to find which pattern to select next. 1 0 1 

I enjoyed using these patterns to build a UI 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 I could locate the information I 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 
It is relatively easy to move from one pattern to the next one when selecting patterns to 
describe a user interface. 1 0 1 

I felt in command of these patterns when I used them to create the UI-pattern model. 1 -1 1 

Creating the TUIC model using TUIC components was relatively easy. 1 1 1 

I liked using the UI-patterns when I design a new user interface. 1 1 1 
Creating the UI-pattern model could be performed in a straight forward manner using 
these UI patterns. 1 1 0 

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 

I enjoyed using these patterns when building the TUIC model. 1 1 1 

The UI patterns are easy to understand. 1 1 0 

I 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 UI pattern model. 1 1 1 

The set of patterns provided was adequate for modelling the UI in the exercise. 1 1 1 

It is easy to remember the information in these UI 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 UI 
patterns. 1 1 1 

Creating the UI-pattern model was easy 1 -1 0 

The examples helped me understand the information in these UI patterns. 1 1 1 

The patterns helped me focus my thoughts when building the UI-pattern model. 1 1 1 

I can understand and act on the information provided in these patterns. 1 1 1 

I could understand the diagram illustrating the solution. 1 1 0 

 

  



Appendix A23: Study Two – Numeric Data  209 

 

A23.4 Exit Questionnaire 
 

Factor Participant One Participant Two Participant Three 
Developing a UI-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 
UI-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 UI design and development in the undergraduate programme six and a half years ago.  

Since then experience developing UIs has been associated with research projects.  UI 

experience was self-rated by Participant One as being novice to average.  The main 

approach to UI 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 

UI-pattern modelling pilot study.  They self-rated as not proficient in both these 

modelling methods. 

Participant One reported that the main tools used for UI development were PowerPoint 

for lo-fi prototyping and the visual toolbox components of the Delphi integrated 

development environment (IDE).   

UI-Pattern Modelling 
Participant One took two hours and twenty-six minutes to complete the UI-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.  UI-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 data that 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 UI-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 UI-pattern modelling process was effective and that it 

could be very helpful when modelling a complex UI 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 UI-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 UI. 

The UI-pattern model Participant One created scored ninety-seven percent, missing just 

a minor details.  They chose to use chains of patterns and did not model interaction 

spaces for displaying a hotel room’s information, 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 developing a UI-pattern model when there are non-professionals in a 

UI design team “would speed up the process of designing a good UI”. 

TUIC Modelling 
It took Participant One an hour and thirty-three minutes to complete 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 a number of the diagrams illustrating solutions translated to the developing 

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 a small set’ which 

lead to an explanation of active materials.  Participant One also asked for an explanation 

of how the representation for the ‘Current programme’ related to the chain of patterns 

seen in the UI-pattern model. 
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Only two minutes were required for revising the requirements for the exercise and the 

exemplar UI-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 I 

didn’t need to try and remember what one I 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 UI-pattern model made TUIC Modelling much easier 

than working directly from use cases.  This non-pattern approach had been used as part 

of a class 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 steps in the TUIC Modelling method. 

The TUIC model created from the exemplar UI-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 UI”. 

Communication 
Participant One thought using patterns with a UI 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 UI-pattern modelling as being extremely helpful in aiding 

communication between all 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 things in the 

TUIC model when they have the UI 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 developing a large departmental website.  Participant Two has had 

eighteen years experience with desktop application development.  Participant Two self-

rating as an expert in UI development reporting they are currently involved in UI 

development on a daily basis.  The main approach is ad-hoc with a strong emphasis on 

hi-fi prototyping using a variety of desktop based IDEs including:  Visual Basic 6, 7 & 

2000, FrontPage, DreamWeaver with Photoshop, MS Access, Visual Studio, Visual 

Interdev and Expression Web.  Participant Two had been introduced to UI-patterns in 

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.  

UI-Pattern Modelling 
It took Participant Two only one hour thirty-seven minutes to complete the UI-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 UI-pattern model and the associated UI 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 UI 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 UI-pattern model using a bottom-up 

approach for linking patterns together.  They made the comment that they had difficulty 

conceptualising UI 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 UI-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 helped 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 UI-

pattern modelling easy.  These responses confirmed statements made that 

conceptualisation and abstract UI 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 UI-

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 UI ideas. 

Participant Two created scored ninety-one percent but was still a minimalist UI-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 developing a UI-pattern model would 

help non-professionals in a UI design team because “they are building an understanding 

of the design process and logic which will also help them understand 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 

UI-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 UI 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.  This resulted in a discussion 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 UI-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 

a list’ that could be organised as a table 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 UI-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 UI developers 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 UI 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 developing the UI-pattern model 

was also acknowledged. 

The TUIC model Participant Two created from the exemplar UI-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 

people 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 UI-pattern modelling as being very helpful in aiding 

communication between design team members indicating that it would help ensure that 

the UI met the users’ real needs.  Participant Two considered that using patterns and UI-

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 UI-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 Three is a professional applications developer who is currently employed to 

bring a research project system up to the standard required of a commercial product.  

This work includes the re-development of the existing user interface.  Participant Three 

has had ten years IT experience mostly in Asia and 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 UI development was described as “Understand the user requirements; write 

down most important tasks the UI is expected to achieve; if problem is complex and I 

have time, write use cases, implement most important tasks, test, if problem is found to 

be complex, consider redesign the interface and user interactions”.  The UI 

development techniques used were Use Cases and Rapid Application Development.  

Participant Three reported that they were not confident using lo-fi prototyping as in 

their experience “I find the implementation is just totally different from the initial 

thoughts/plan.  I find it difficult to prototype the user interface if 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. 

UI-Pattern Modelling 
Participant Three completed the UI-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 UI-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 UI-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 UI-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 UI-pattern model were made and then selections were checked back to the 

requirements document.  The first attempt at creating a UI-pattern model was upside 

down but Participant Three self-corrected when asked to explain their model.  At this 

point, an explanation of the patterns list 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 experience is 

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 “I tried to understand the solution by 

examining the diagram but I found the diagrams for different patterns are presented 

similarly so I cannot tell the difference of the diagrams instantly.  But by viewing the 

examples I can understand instantly.”  Patterns were generally rated positively because 

“The UI pattern model suggests the most proper solution for a problem.  Constructing a 

UI pattern model might reduce later changes to the final UI.” 

UI-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 UI 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 I think are unnecessary”.  

The UI-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 UI-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 diagrams illustrating 

some of the patterns used in the exemplar and in discussion matched the exemplar TUIC 

model to the associated UI. 

The UI requirements documentation for the exercise was browsed for five minutes.  The 

UI-pattern model and the associated TUIC model from the demonstration were then 

arranged to be easily visible on the work area.  The UI-pattern model exemplar provided 

to guide the exercise was reviewed before patterns representing the main interaction 

spaces were selected for level two of the UI-pattern model.  They used the work area to 

spread the patterns identified by the UI-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 although 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 UI-

pattern model has already provided information of relationships between the different 

parts, I 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 

diagrams illustrating the patterns identified by the UI-pattern model, I 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 Maps illustrating pattern 07, the discussion covered the ideas of 

abstraction and conceptualisation.   

Participant Three created a TUIC model (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 one time.  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 patterns to help non-professional members communicate better with other UI 

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 UI-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 UI-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 UI-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 UI-pattern Modelling 

Justification for most useful pattern section 
⇒ 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 a new user of the patterns the problem, context, solution and examples are the 

most useful.  For a more 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 I can 

understand it very well without reading forces, similarly for the discussion 

The UI-pattern model 
⇒ The UI pattern model suggests the most proper solution for a problem.   
⇒ It is a multi-dimensional map that allows and directs creation of a solution specific 

to requirements 
⇒ Constructing an effective UI pattern model would be useful especially helpful for 

a complex system with lots of tasks.   
⇒ It can help you identify more effective ways of designing the UI.  But it is very 

time consuming to develop. 
⇒ Constructing a UI pattern model might reduce later changes to the final UI. 

Using the UI patterns when creating the UI-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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⇒ UI pattern modelling can be confusing e.g. how to use some of the middle layer 
patterns which might be to complete the link structure but that I think are 
unnecessary. 

The UI-pattern modelling building method 
⇒ Useful to know that this is not a step-by-step process 
⇒ Maybe some use of colour in the description of each step would help emphasis 

particular parts 
⇒ The method is very good for constructing the UI 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, I can find the correct pattern.   
⇒ Name was key to whole exercise as they were on the UI-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 

Justification for least useful pattern section 
⇒ As the UI-pattern model has already provided information of relationships 

between the different parts, I 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 UI-pattern model but not needed in 

creating the TUIC model (not name, solution or diagram) 
⇒ I didn’t need forces and discussion as they are too detailed but I sometimes used 

the examples to check I understood the pattern. 

The TUIC Modelling 
⇒ I think the TUIC model building method should be simplified because it is quite 

wordy – maybe OK for a complicated and large exercise but too much for this 
exercise. 

⇒ Maybe two sets of steps – one for experienced UI developers and another for 
inexperienced UI designers  

Using the UI-pattern model to guide TUIC modelling 
⇒ The patterns took away any ambiguity.  
⇒ The UI-pattern model already developed was very relevant 
⇒ I hadn’t done CAP construction for a long time (more than three years), so the 

diagram section in the UI patterns helped me visualise how I should model the 
different parts of the TUIC model 
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⇒ By applying the diagrams illustrating the patterns identified by the UI-pattern 
model, I can construct the TUIC model very easily 

⇒ Diagram section of UI patterns very helpful 
⇒ This was the fun part and made it easy to see how the UI would come together 
 

Usefulness of TUIC modelling for conceptual UI 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 UI  
⇒ 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 UI-pattern modelling 
⇒ TUIC model diagram required more figuring out than images [examples] did but 

provided essentially the same information 
⇒ I tried to understand the solution by examining the diagram but I found the 

diagrams for different patterns are presented similarly so I cannot tell the 
difference of the diagrams instantly.  But by viewing the examples I 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 I didn’t need to try and 

remember what one I should use 
⇒ I can copy the most important symbol from the pattern (usually the upper-left 

symbol in the diagram) 

A25.4 Communication between UI Design Team 
Members 

Patterns 
⇒ Team members will have a common terminology and can therefore more easily 

and quickly understand each what other members mean.   
⇒ Technical people often use technical terms, the patterns allow items unfamiliar 

items to non-professionals to 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. 

UI-Pattern Modelling 
⇒ I think UI-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 relationships with other 
decisions. 

⇒ Because members of the UI 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 UI created) 

⇒ UI-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 UI patterns solution (text and diagram) 
sections to help support their argument 

⇒ The patterns organize the complex situation or problems clearly into a whole as a 
UI-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 

⇒ I think TUIC modelling would speed up the process of designing a good UI  
⇒ Much easier to complete TUIC modelling using the UI-pattern model as a plan 

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 all of them is not a simple 
thing.  There is a learning curve to get over before using these methods. 
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Appendix A26: Study Three - Observations of 
UI-pattern Modelling Sessions 
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A26.1 Participant One 
Activity Time 

(mins) Observations Queries Interventions 

Intro to 
session 11 Subject spent a long time studying the overview, 

reading for meaning   

Demo 48 Watch intently while I demonstrated building the 
exemplar UI-pattern model 

Asked for clarification of the role of the context 
and reference sections for selecting patterns.  

  Independently studied the exemplar   

Intro to 
exercise 23 Studied intro and exercise requirements 

Confirmed which models were to be developed in 
the session and that only the UI-pattern model 

was to be created in this session. 
Confirmed the importance of the Interaction 

space and actions table in requirements 
documentation 

 

UI-pattern 
modelling 46 

Selected 04 “information on a form” for 
modelling “staff details” chained it up to 03 

“current properties” 
 

Asked how much detail required to model “staff 
details” as noted exemplar only used pattern 03 

and considered pattern 04 “information on a 
form” best  

Discussed pattern chains 

 

  

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  

I went over the exemplar for find a course and 
referred back to some of the subjects 

verbalisations for selecting patterns in their pile.   
I 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 

 

Questionnaire 15 Very thorough.  Stopped and thought for while 
before answering each question set. 

Asked for clarification of question 2 – least useful 
of sections used or the ones just not used.  

After 
Questions 3 Commented that modelling from requirements 

different from modelling from an existing UI.   

 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  

 
I 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 UI-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 7 Quickly browsed scenario and requirements use 
cases  

Queried the content of the 2 inventory tables – 
discussed link between tables and use cases  

UI-pattern 
modelling 42 

Checked back to exemplar UI-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 UI-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 -  

I 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 UI-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 UI ideas And 
requested help to link the patterns 

I 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] 

I 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 

I 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 I knew what the SWING effect was  

After Questions 3  Commented again that they found conceptual 
modelling and abstraction very difficult  

 97 
minutes 1 hour thirty-seven minutes   
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A26.3 Participant Three 
Activity Time 

(mins) Observations Queries Interventions 

Intro to session 16 Tells me has had experience with use cases 

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 
language 

Explanation of links between use cases, table of 
actions and interaction spaces 

Explanation to confirm the structure of the UI-
pattern language – higher and lower level 

patterns 

I pointed out list of attributes was for 
completeness and this level of detail was not 

going to be covered in this exercise. 

Demo 37 

Much discussion on structure of the UI-pattern 
model and how it linked together 

 
After demo subject spent time reviewing the 

exemplar and checked the meaning of patterns 
13, 10 and 06 by browsing them 

Specific query on the role of pattern 14 – 
Convenient Environment Actions 

Role of pattern 03 as ‘parent’ to 04, 05 and 06 – 
particularly chain of 03 to 04 

We discussed the use of 04 for adding details for 
modelling course details. 

 

Intro to 
exercise 19 Just read carefully – some checking of 

interaction table against use case   

UI-pattern 
modelling 48 

At start of modelling made many references to 
the exemplar, then switched to using the list of 

patterns.  
When recording used pattern names and 

numbers. 
Pattern matched to exemplar for modelling 

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” 

Asked for confirmation of how pattern 07 
“Collection beside content” might be used 
Asked about the problem/solution pairs 

describing patterns – subject reviewed the 
example to check explanation 

 

  Subject began constructing the UI-pattern 
model upside down  I asked subject to explain their diagram 

  Subject self-corrected and  Asked for explanation of pattern list 
I 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  
o6 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.  I copied 
context list for both these patterns (14 & 10) 

under each other so intersection is more easily 
identified.  I found the patterns from pile so 

subject could review them and decide which 
created the context for their solution  

Questionnaire 23 

Referred to patterns list a couple of times when 
answering method questions  

Also examined exemplar UI-pattern model 
Suggested that schematic for method should be 

part of the questionnaire. 

Queried first question didn’t seem to understand 
difference between sections used and those that 

were most useful. 
Asked why many arcs into pattern 15 but pattern 

12 repeated in exemplar? 

 

After Questions 2  

Discussed use of patterns in commercial 
settings.  I referred subject to Yahoo site and 

also Tidwell’s book. 
I mentioned cooperative systems research 

 

 142 
minutes 2 hours twenty-two minutes   
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Appendix A27: Study Three – Observations of 
TUIC Modelling Sessions 
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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 UI-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 2 

Very quick browse through documents and then 
made the example and the UI-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 UI-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 UI-pattern model available. 
Confirmed development was by a group of 

designers. 

 

Discussion 5  

At end made the comment that having the UI-
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 

(mins) Observations Queries Interventions 

Intro and demo 18 

Examined UI-pattern model for example 
Watched and listened without interruption to 
demo other than confirm understood and I 

should proceed 

Participant made an aside comment that they 
preferred to learn by doing.  

Reviewed 
Requirements 7 Browsed requirements   I spent some time talking through UI-pattern 

model and related interaction spaces table 
Abstract 
prototyping 10 Quickly started by drawing an enclosing context 

and named Asked for clarification of requirements to logon We reviewed prerequisites for the use case 
“Register hotel room” 

 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 UI-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 
and did not complete ticking off nodes on the 

Noted that when subject asked questions used 
pattern names and correct TUIC terminology 

Prompted subject not to go into too much detail 
and they could consider adding comments and 

labels to complete diagram 
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UI-pattern model 
Questionnaires 22    

Discussion 5  

Subject enthusiastic about TUIC modelling said 
they really enjoyed doing this model and also 

could now see advantage of the UI-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 5  Quickly browsed document   

Abstract 
prototyping 17 

At beginning of exercise arranged example UI-
pattern model and abstract prototype together 

so they were easily visible. 
Quickly reviewed UI-pattern model for exercise 
and started selecting patterns for top 2 levels 

 I 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.   

I 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. 

 9 
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 – UI-
pattern model. 

Asked for explanation of statement 11 phrase “I 
felt in command of …” 
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Discussion 4 

Reported that they found some pattern names 
very confusing – couldn’t see why used the term 

collection rather than list for pattern 07.  And 
thought should use tabs rather than stacked 

surfaces, pattern 10 

Didn’t seem to be able to abstract away from the 
one implementation they preferred even when 

alternative examples from patterns where 
presented as also being examples of a collection 

or stacking. 

 

 93 One hour and thirty-three minutes   
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Appendix A28: Study Three – UI-pattern Models  

A28.1 Participant One 

 

Figure A28.1 - Participant One’s UI-pattern model overlying the exemplar UI-pattern 
model 

 
Figure 1 - Participant One's selected patterns and links overlaying the pattern map 
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A28.2 Participant Two 
 

 
Figure 2 – Participant Two’s UI-pattern model overlying the exemplar UI-pattern model 

 
Figure 3 - Participant Two's selected patterns and links overlaying the pattern map 
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A28.3 Participant Three 

 
Figure 4 – Participant Three’s UI-pattern model overlying the exemplar UI-pattern model 

 

  
Figure 5 - Participant Three's selected patterns and links overlaying the pattern map 
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Appendix A29: Study Three – TUIC Models 

A29.1 Participant One 
 

 
Figure 6 – Participant One’s TUIC model overlying the exemplar 
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A29.2 Participant Two 

 
Figure 7 – Participant Two’s TUIC model overlying the exemplar 

 

Room details 
synchronised to 
room selected

Room availability
[display]

Next

[display]
Payment details

Check-in details

[display]

Room Reservation System
Quit

Staff details [display]

Reservation

Check-out

Check-in

Transaction details

Submit

Suspend

Cancel

ClearRetrieve

Payment

Client details

[display]

Check-out details

Reservation
information 
synchronised 
with client infoFind room

Room Details

Reorder Room history

Rooms

Reorder

Each Room

Room attributes

BackNew sort

Room Reservation

[display]

Room details 
synchronised to 
room selected

Room availability
[display]

Room details 
synchronised to 
room selected

Room details 
synchronised to 
room selected

Room details 
synchronised to 
room selected

Room availability
[display]

Room availabilityRoom availability
[display][display]

NextNext

[display]
Payment details

[display][display]
Payment detailsPayment detailsPayment details

Check-in details

[display]

Check-in detailsCheck-in detailsCheck-in details

[display][display]

Room Reservation System
Quit

Staff details [display]

Room Reservation System
QuitQuit

Staff detailsStaff detailsStaff details [display][display]

Reservation

Check-out

Check-in

Transaction details

Submit

Suspend

Cancel

ClearRetrieve

Payment

Client details

ReservationReservation

Check-outCheck-out

Check-inCheck-in

Transaction detailsTransaction details

Submit

Suspend

Cancel

ClearRetrieve

SubmitSubmit

SuspendSuspend

CancelCancel

ClearClearRetrieveRetrieve

PaymentPayment

Client detailsClient details

[display]

Check-out details

[display][display]

Check-out detailsCheck-out detailsCheck-out details

Reservation
information 
synchronised 
with client info

Reservation
information 
synchronised 
with client info

Reservation
information 
synchronised 
with client infoFind room

Room Details

Reorder Room history

Rooms

Reorder

Each Room

Room attributes

BackNew sort

Find room

Room Details

Reorder Room history

Room DetailsRoom Details

ReorderReorder Room historyRoom history

Rooms

Reorder

Each Room

Room attributes

RoomsRooms

ReorderReorder

Each Room

Room attributes

Each Room

Room attributesRoom attributes

BackNew sort BackBackNew sortNew sort

Room Reservation

[display]

Room ReservationRoom Reservation

[display][display]



Appendix A29: Study Three – TUIC Models   249 

 

A29.3 Participant Three 

 
Figure 8 – Participant Three’s TUIC model overlying the exemplar 
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Appendix A30: Study Three - Exercise Protocol  
Name:   _________________________________  Ref #   ___________  

Preparation 
Introduction to the research 1 mins ________   
Participant asked to study information sheet 10 mins _______   
 
If participant agrees to take part in the research then: 
*Complete ethics form 2 mins ________   
*Complete Background questionnaire 5 mins ________   
*Give pattern set to review 

(18 mins) 

Date & time:   ___________ 
 Place:  _____ 
  

Introduction 
Give subject a copy of the Introductory manual and discuss content 3 mins ________   
*Study introduction & Initial requirements 25 mins _______   
*Demonstrate creation of the UI-pattern model 15 mins _______   
Discussion to clarify proposed methods and worked example 5 mins ________   

UI-pattern modelling 
Introduction to the design exercise 3 mins ________   
*Study the Hotel Reservation Requirements 30 mins ___   
 
*Subject creates UI-pattern model 40 mins ___   
 
*Complete UI-pattern modelling questionnaire 10 mins _______   
Ask for explanation of observed behaviours 5 mins ________   
 
*Participant given study material, patterns and CAP paper to read 

(136 mins – 2hrs 16mins) 

Date & time:   ___________ 
 Place:  _____ 
  

TUIC modelling 
*Review example requirements and example UI-pattern model 10 mins _______   
* Demonstrate creation of an TUIC model 15 mins _______   
Discussion to clarify proposed methods and worked example 5 mins ________   
 
*Review requirements and introduce example UI-pattern model 10 mins _______   
*Subject creates TUIC model 40 mins _______   
 
*Complete TUIC modelling questionnaire 10 mins _______   
*Complete Pattern questionnaire 5 mins ________   
Ask for explanation of observed behaviours 10 mins _______   

(105 mins – 1hr 45mins) 
Thank participant 
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Lists of required artefacts 

Preparation 
 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 

UI-pattern modelling 
 Hotel Reservation requirements for the modelling exercise. 
 Set of UI 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. 
 UI-pattern modelling questionnaire. 

TUIC modelling 
 Introductory manual (part 2) 
 UI-pattern model exemplar 
 Exercise. 
 Patterns. 
 Paper, pencils and rubber for modelling. 
 TUIC modelling questionnaire. 
 Patterns questionnaire 

 
 

For Researcher – use reference number to identify observations 
 Introductory manual – to annotate 
 Exercise – to annotate 
 Pattern list. 
 TUIC components 
 Paper, pencils and rubber for recording observations. 
 Protocol 
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