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ABSTRACT

This research focused on identifying the influence of conceptual understandings of
technological modelling on students’ ability to make informed decisions when
developing technological outcomes. It also explored the relationship between
student achievement in the components of Technological Practice (brief
development, planning for practice, and outcome development and evaluation) and

their concepts in technological modelling.

An emancipatory action research design was adopted for this study due to its
responsiveness to the context in natural settings, and focus on critical reflection
with intent to improve understandings and practice within social settings (Elliot,
1981; Poskitt, 1994). Quantitative and qualitative data were gathered using a mixed
methods approach, consisting of a questionnaire, portfolio evidence and interviews.
These data were gathered over three research cycles from 27 student participants
who were in years 12 and 13 in 2008 and 2009 respectively.

Category labels were developed from literature and an initial exploration of the
data, to describe the ‘nature of reasoning’ and the ‘nature of practice’ students
applied when engaged in undertaking technological practice to address a need or
opportunity. The category labels allowed exploration of the relationships between
the different forms of reasoning students employed when undertaking technological
practice. These labels also enabled exploration of how reasoning informed student
decision making and supported their justifying that the technological outcomes they

developed were ‘fit for purpose’.

The research found a positive connection between student understanding of
concepts underpinning technological modelling and their curriculum achievement
in the components of Technological Practice - brief development, planning for
practice, and outcome development and evaluation. That is, when student
understanding of technological modelling were enhanced their competency to

undertake brief development, planning for practice, and outcome development and
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evaluation also increased. The research also showed that students who held more
sophisticated understanding of technological modelling (Level 6 or above) could
discuss how practical and functional reasoning work together to identify risk, and
enable informed and justifiable design decisions to be made. In addition these
students could also justify the technological outcomes they developed as ‘fit for
purpose in their broadest sense’ (Compton, 2007; Compton & France, 2007b). In
contrast, those students who held low curriculum level understanding of
technological modelling (below Level 5) demonstrated a lack of ability to integrate
practical and functional reasoning to inform their decision making when
undertaking technological practice. As such, their decision making most often
centred on determining the physical description of a technological outcome, with
little apparent thought to social-technical considerations that underpinned its

development, and later implementation into its intended environment.

This research concludes that when teachers support students to develop their
curriculum understandings of technological modelling their ability in undertaking
technological practice becomes more sophisticated, and they are equipped to
develop technological outcomes that they can defend as ‘fit for purpose in their
broadest sense’ (Compton, 2007; Compton & France, 2007b). The research
findings therefore present a case for teachers to place an explicit emphasis within
their teaching programmes on enhancing student conceptual understandings of

technological modelling.
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CHAPTER ONE

INTRODUCTION

1.1 Overview of Chapter

Technology education in New Zealand is a compulsory part of school curriculum
for all students in years 1-10, and is an optional subject in senior secondary school
at years 11-13. First introduced as Technology in the New Zealand Curriculum
(Ministry of Education, 1995), it was reframed in 2007 as a part of a revision of the
total New Zealand Curriculum. This thesis reports on research that explored if
students were better able to justify the technological outcomes they developed as
‘fit for purpose’ when their understanding of technological modelling, a component
of technology introduced in the 2007 New Zealand Curriculum (Ministry of
Education, 2007), improved.

I had prior experience in conducting classroom based research (Compton &
Harwood, 2003; 2004a; 2005; Compton, Harwood & Compton, 2007; Harwood,
2007), and in contributing to the development of technology national curricula® and
resource materials to support their implementation into New Zealand classrooms.
This exploration was therefore of significance to me, particularly to see if placing a
focus on a specific Technological Knowledge curriculum component, technological
modelling, resulted in a change in student achievement when undertaking
technological practice. | was also motivated to gain a better understanding of how
students applied reasoning to support their decision making when undertaking
technological practice. In addition, my experiences in teacher professional
development initiatives (Compton & Harwood, 2001; 2004b; 2005; Harwood,
2005; Harwood, 2006; Harwood, 2009; Harwood, 2012) provided opportunity to
conduct this research using an action research methodology focused on supporting

and evaluating shifts in teachers’ pedagogical practices.

! Design and Technology (Department of Education, 1987); Graphics and Design (Department of Education,
1991); Technology in the New Zealand Curriculum (Ministry of Education, 1995 & 2007).
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Chapter 1
Introduction

The remainder of this chapter provides an introduction and background to my
thesis. Section 1.2 introduces the context in which the research was conducted. This
Section includes a brief overview of the New Zealand secondary school structure
and the history of technology education therein. An overview of technology
education in New Zealand is presented with a synopsis of the 1995 technology
curriculum, Technology in the New Zealand Curriculum [TiNZC] (Ministry of
Education, 1995) and a discussion of how technology is now defined in the revised
New Zealand Curriculum [NZC] (Ministry of Education, 2007). A description of
senior secondary (years 11-13) qualifications for technology are also presented in
this section. Section 1.3 provides a rationale for this research, Section 1.4
introduces the research questions, and Section 1.5 provides an overview of the

thesis structure and a discussion on the significance of this research.

1.2 Context of this Research

The New Zealand Secondary School

Secondary schools were established in New Zealand to educate students from
school years 9-13% In rural communities and schools of special character (for
example private schools, schools founded on religious ideologies) secondary
schools may also include students in years 7-8. Up to and including year 10,
secondary school students receive a compulsory core curriculum, defined by the
NZC (Ministry of Education, 2007). This includes study in each of the seven
Learning Areas [LA] — English, The Arts, Health and Physical Education,
Mathematics with Statistics, Science, Social Sciences and Technology along with
an option to study another language in an eighth LA - Learning Languages. From
years 11-13 New Zealand secondary schools offer a variety of specialist focused
subjects to prepare students for ongoing tertiary education and/or entry into the

workplace.

% New Zealand children begin their compulsory education at age 5. Prior to this they may enrol in Early
Childhood Education Centres [ ECEC]. Children usually enrol in ECEC from age 3.
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Chapter 1
Introduction

Senior secondary students (year 11-13) are provided access to qualifications listed
on the New Zealand Qualifications Framework® [NZQF]. The NZQF was
introduced to provide a “system for organising and understanding the relationships
between, and purposes of, qualifications across the education sector” (Ministry of
Education, 1999, p.4). As such, the NZQF offers a ‘seamless’ opportunity for New
Zealanders to be credited with qualifications in secondary schools that connect with

post-school education and training qualifications.

The New Zealand Qualifications Authority [NZQA], a government department that
is independent of the Ministry of Education [MoE], administers the NZQF. The
qualifications on the NZQF specifically available for secondary school students
include the National Certificate in Educational Achievement [NCEA] at Level 1, 2
and 3, and Scholarship. Students access these qualifications by demonstrating a set
of competencies that are described by either ‘achievement standards’ and/or ‘unit

standards’,

Technology in Secondary Schools

In 1999, Technology in the New Zealand Curriculum (Ministry of Education, 1995)
was gazetted as a compulsory learning area in New Zealand’s national curriculum
for all students from years 1-10, and as an optional subject for study in senior
secondary school (year 11-13). The aim of technology education as identified in the
TiNZC was that students would work towards attaining technological literacy
through developing their understandings and abilities within three inter-related

learning strands:

= technological knowledge and understanding
= technological capability

= technology and society (Ministry of Education, 1995).

* The NZQF is comprised of 10 levels — Level 1 is the least complex and Level 10 the most. Standards written
for Levels 1-3 of the NZQF are for senior secondary education and basic trades training. Levels 4 - 6 are for
advanced trades, technical and business qualifications, and Levels 7 and above for advanced qualifications
as graduate and postgraduate degrees.

* Achievement standards assess competencies which align with senior secondary school subject achievement
objectives and award students for either an achieved, merit or excellence achievement. Unit standards
assess competencies that align with either senior secondary school subject achievement objectives,
including those defined by the New Zealand Curriculum (Ministry of Education, 2007) Learning Areas, or
industry defined skills and knowledge. These standards predominantly only have one achievement level —
achieved.
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Chapter 1
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In 2004, TiNZC (Ministry of Education, 1995) was reviewed as part of a Ministry
of Education Curriculum Stocktake. This Stocktake reviewed all compulsory and
optional curricula taught in New Zealand schools. As a result of this review, the
New Zealand Curriculum and Marautanga Project® [NZCMP] was undertaken and
a revised NZC was released in 2007. The LA statement® for technology in the NZC
(Ministry of Education, 2007) reframed technology education into three inter-
related but distinct learning strands - understanding the Nature of Technology,
developing Technological Knowledge and understanding and undertaking
Technological Practice (Ministry of Education, 2007). The aim of these curriculum
strands was to provide opportunity for students to develop a deep, broad and critical
technological literacy (Compton, 2007; Compton & France, 2007a) so that they
may “participate in society as informed citizens and give them (better) access to
technology-related careers” (Ministry of Education, 2007, p.32).

In 2008, the Curriculum Alignment Project’ was initiated by the Ministry of
Education, in association with the NZQA to align earlier technology achievement
standards that had been developed for NCEA qualifications at Level 1-3 and
scholarship® to the NZC (Ministry of Education, 2007). Under this project the
technology achievement standards were reviewed and rewritten to align with the
2007 technology LA statement (Ministry of Education, 2007) at curriculum levels
6, 7 and 8. A number of these rewritten achievement standards require students to
develop a technological outcome. The assessment focus of these standards is on
students either being able to justify their technological outcomes as having the
‘potential to be fit for purpose’ (where students develop and modelled a concept of
a technological outcome), or ‘fit for purpose’ (for standards that require students to

implement a technological outcome).

’Marautanga is the Maori name for the Curriculum Framework which umbrellas the Essential
Learning Areas written in Te Reo Maori — New Zealand’s indigenous language.

% The New Zealand Curriculum Project reframed, refocused and revitalised the New Zealand
curriculum by clarifying what is important for student to learn within identified Learning Areas,
placing importance on quality teaching, promoting flexible approaches to curriculum and
explaining the curriculum to parents. The project released its revised curriculum in 2007 and was
implemented in 2010.

” This project reviewed and aligned all general education achievement and unit standards registered
on the NZQF with the NZC (Ministry of Education, 2007).

¥ These achievement standards were implemented beginning 2002; Level 1 in 2002, Level 2 in
2003, and Level 3 and scholarship in 2004.
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1.3 Rationale for this Research

Technology in the NZC (Ministry of Education, 2007) introduced three new strands
— Technological Practice, Nature of Technology and Technological Knowledge.
Understanding how students’ progress in the Technological Practice strand
components: brief development, planning for practice, and outcome development
and evaluation; and how these support learning in technology education were
researched inside New Zealand classrooms to inform the development of the 2007
technology LA statement and its objectives (Compton & Harwood, 2003; 2004b;
2005). An outcome of this research was the development of the Indicators of
Progression [loP] for Technological Practice (Compton & Harwood, 2010b).
These loP describe student competencies, and the nature of teacher support
required to ensure that students are provided authentic opportunities to engage with
the strand components, at achievement objective levels 1-8 of technology in the
NZC (Ministry of Education, 2007).

Research to develop similar understanding of progression for the components of
Technological Knowledge and the Nature of Technology strands was not conducted
until post the release of the NZC (Ministry of Education, 2007). This research,
funded by the MoE, called Technological Knowledge and the Nature of
Technology: Implications for classroom practice [TKNoT: Imps] was conducted
during 2008 and 2009°. The focus of this classroom-based research was on
identifying student understandings of the components of these two strands in order
to define their 1oP from levels 1-8 (Compton & Compton, 2010b). The components
for Technological Knowledge include: technological modelling, technological
products and technological systems; and for Nature of Technology. characteristics
of technology and characteristics of technological outcomes (Ministry of

Education, 2007).

The National Moderator Report [NMR] is an annual report written by the NZQA
National Moderator. This report discusses student achievement against the
internally assessed technology achievement standards listed on the NZQF. The

report describes the strengths and weaknesses found in the student evidence that

? For findings and discussion of this research see Compton and Compton, 2010a; 2010b; 2011, and
2012).
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has been assessed and moderated against technology achievement and unit
standards. It makes suggestions on areas that teachers should focus on, to better
support students to demonstrate the competencies expected to be awarded
achievement grades for internally assessed standards. The NMR has consistently
highlighted that student evidence presented for assessment against the internally
assessed technology achievement standards does not show how student decision
making, when undertaking technological practice, influenced their developed
technological outcome(s) (New Zealand Qualifications Authority, 2004; 2005;
2006; 2007; 2008). In addition, the Technology Scholarship Examiners Report, also
written annually, has commented on a weakness in the evidence students provide in

justifying that their technological outcomes are ‘fit for purpose’.

Therefore the research | have undertaken and report in this thesis sought to better
understand and improve student decision making and outcome justification. To do
this it specifically explored the relationship between students’ conceptual
understanding of technological modelling and their achievement in the components
of Technological Practice. It also investigated the link between students’
conceptual understanding of technological modelling and their decision making
when undertaking technological practice.

No research has been conducted to date in New Zealand that specifically looks at
the link between student conceptual understandings of technological modelling and
student achievement in the components of Technological Practice. Nor has there
been research undertaken that refutes or supports that when students have a sound
conceptual understanding of technological modelling that their decision making
and technological outcome justification is enhanced. This study therefore seeks to
address this gap in the literature. The findings of this research will be of interest to
technology teachers, and providers of technology teacher education (both pre-
service and in-service providers). Findings from the research will also be useful to
inform future planning and policy making for the delivery and assessment of
technology at senior secondary school by teachers, the MoE and the NZQA, as well

as offer a contribution to the international literature on technology education.
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Research Aim and Questions

This research sought to determine the relationship between students’ conceptual

understanding of technological modelling, their achievement in the components of

Technological Practice, and their decision making. To ascertain this relationship,

student achievement in the components of Technological Practice (brief

development, planning for practice, and outcome development and evaluation) and

their concepts in technological modelling were also explored over three cycles by

adopting an action research design. My research question was:

What is the relationship between student conceptual understanding of
technological modelling, their achievement in the components of
Technological Practice, and their reasoning and decision making when

undertaking technological practice?

To allow evidence to be gathered and valid conclusions to later be drawn that

answered this research question, a series of sub questions were developed. The sub-

questions were:

1.

What curriculum levels for technological modelling, brief development,
planning for practice, and outcome development and evaluation do students

exhibit in Cycle One?

What evidence of reasoning and decision making can be identified from

Cycle One student data?

What impact did interventions in Cycles Two and Three have on student
achievement in technological modelling, brief development, planning for

practice, and outcome development and evaluation?

What impact did interventions® in Cycles Two and Three have on student

decision making when undertaking technological practice?

What is the relationship between student achievement in technological
modelling, and their achievement in brief development, planning for

practice, and outcome development and evaluation?

1% post-intervention data were collected twice — once after the 2008 cycle (Cycle Two) and then
following the 2009 cycle (Cycle Three).

page 7



Chapter 1
Introduction

6. What is the relationship between student achievement in technological
modelling, and their reasoning and decision making when undertaking

technological practice?

1.5 Structure of the Research Thesis

Chapter One provided an introduction and background to my research, introduced
the aim and objectives of the research, and presented the structure of this report.

Chapter Two provides a review of relevant literature upon which my research is
based. This review of literature presents an overview of Technology Education in
the New Zealand Curriculum (Ministry of Education, 1995) and the revised
technology statement, as described in the 2007 NZC (Ministry of Education, 2007).
It also considers international and New Zealand research that supported the
inclusion of the technology curriculum strand: Technological Knowledge in the
revised NZC (Ministry of Education, 2007) and why technological modelling was

included as a component of this strand.

The chapter also discusses programme design that enables students to develop a
technological literacy that is liberatory in nature and concludes with a review of the
literature on decision making, and functional and practical reasoning. This review
explains how developing student understanding of these forms of reasoning
supports them to consider ‘social’ and ‘ethical’ factors when developing design
ideas, and to determine whether a conceptual design should be developed further

and if so, how to make it happen.

Chapter Three explores the literature concerning methodological approaches in
educational research. This literature establishes action research as the appropriate
methodological framework for this study. The chapter concludes with an overview
of the participants and discusses the ethical considerations that underpin my

research.

Chapter Four presents Cycle One research findings, obtained from 27 senior
secondary school student research participants from three secondary schools. Both

quantitative and qualitative findings are presented from data that were analysed
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using statistical analysis, and a pattern coding approach. Such coding allowed
common themes or patterns that emerged from student responses to a structured
questionnaire and portfolio evidence, to be identified categorised and labelled. This
chapter ends with a summary of the findings and answers sub research questions 1
and 2. It also discusses initial finding implications for sub research questions

5 and 6.

Chapter Five presents Cycles Two and Three research findings. Data from the
structured questionnaire, follow-up interviews with participants (Cycle Three) and
portfolio evidence were analysed to establish the findings, which were categorised
under the labels identified in Chapter Four. The chapter concludes with a summary

of the research findings and answers the remaining sub questions 3, 4, 5 and 6.

Chapter Six addresses the overall aim of my research; that is, what is the
relationship between student conceptual understanding of technological modelling,
their achievement in the components of Technological Practice, and their reasoning
and decision making when undertaking technological practice. It does this by
analysing the research findings in Chapter Four and Five in relation to the literature
presented in Chapter Two. This chapter presents a discussion on how the research
findings could influence the design of classroom based technology curriculum;
particularly those which emphasise supporting students to justify their decision
making when developing technological outcomes, and create defensible arguments
as to why their developed outcomes are ‘fit for purpose’. Chapter Six also discusses
the impact that these findings could have on future initiatives focused on enhancing
the delivery of technology education inside New Zealand classrooms and how
student learning outcomes can be enhanced. The chapter ends with suggestions for
future research and a concluding statement.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of the Chapter

This chapter will demonstrate that no research has been conducted to date in New
Zealand classrooms to determine the influence of the component technological
modelling on students’ ability to make informed decisions when they undertake
Technological Practice. This component is featured in the Technological
Knowledge strand of technology in the NZC (Ministry of Education, 2007). As of
2010, all technology programmes taught in New Zealand schools from years 1-10
are required to provide students opportunity to build conceptual understandings of
this curriculum component. It is expected that this component, when taught
alongside the other curriculum components in technology programmes from years
1-13, will allow students to develop their technological literacy (Ministry of
Education, 2007). This expectation is founded on a belief that student’s
technological literacy is enhanced when they develop sound philosophical insights
about technology, alongside robust understandings about technological knowledge,
and an ability to undertake technological practice. Compton and France (2007a;
2007b) promote this view when they suggest that whilst undertaking technological
practice is still seen as important, there is also a need to understand the philosophy
of technology as a domain and develop understandings of key technological
knowledge. Compton (2009) further promotes the inclusion of these components
when she states that they are “required for the development of a broad, deep and
critical technological literacy” (p.25). This stance is akin to international literature
that highlights the importance of students developing technological knowledge
alongside sound philosophical understandings about technology (Dakers, 2006; de
Vries, 2003a; Mitcham, 1987).
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Research conducted in New Zealand to date has not sought to understand the
relationship between student understandings of technological knowledge and their
decision making abilities when undertaking technological practice. Rather, it has
examined student’s initial conceptual understandings of the components of
Technological Knowledge (Compton & France, 2006b; Compton, Harwood &
Compton, 2007) and Nature of Technology (Compton & France, 2006b), and how
these understandings progress from curriculum levels 1-8 (Compton & Compton,
2011; 2012). The research has also explored how the curriculum components for all
three strands, Technological Practice, Technological Knowledge and Nature of
Technology, work together to support the development of student technological
literacy (Compton & Compton, 2011; 2012; Compton, Compton & Patterson, 2011;
2012). This study therefore sets out to address a gap in the literature and determine
if there are relationships between student achievement in technological modelling
and the components brief development, planning for practice and outcome
development and evaluations It also seeks to explore if there is a relationship
between student conceptual understandings of technological modelling and their

decision making when undertaking technological practice.

In Section 2.2 an overview of technology in the NZC (Ministry of Education, 2007)
is presented. It discusses the research undertaken during the development of
technology in NZC, and subsequent research to support its implementation. The
nature of student learning promoted by technology in the NZC (Ministry of
Education, 2007) is discussed along with its underpinning learning theory(s). This
section also discusses programme design and how this may enable students to
develop a technological literacy that is ‘broad, deep and critical’ in nature
(Compton, 2007; Compton & France, 2007a).

Section 2.3 presents an overview of ‘technological practice’ and discusses how this
is reflected in the Technological Practice strand of technology in the NZC (Ministry
of Education, 2007). It introduces the ‘indicators’ that enable improvements (or

not) in student technological practice to be judged, following intervention.

Section 2.4 outlines the literature on ‘technological knowledge’ and discusses how
this is reflected in the Technological Knowledge strand of technology in the NZC

(Ministry of Education, 2007). It places an emphasis on technological modelling,
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the component of Technological Knowledge that is the focus of intervention in this

study. Indicators for technological modelling are also introduced in this section.

Section 2.5 presents a discussion on ‘decision making’ and explores how this
influences students’ ability to justify design decisions in technology. The
relationship between decision making and theories on practical and functional
reasoning, and how these are exhibited by students in technology education will

also be explored to support this discussion.

Section 2.6 provides a summary of the emergent themes and issues identified from

the literature. These themes are used to justify the purpose for this research.

2.2 Technology Education in New Zealand Curriculum

2.2.1 Background

In 2007, technology in the NZC (Ministry of Education, 2007) was published and
released in its final form. Technology as described in this document was
implemented as a part of the compulsory New Zealand school curriculum for years
1-10 in 2010 to replace its predecessor, Technology in the New Zealand Curriculum
[TINZC] (Ministry of Education, 1995). The NZC was a result of the New Zealand
Curriculum and Marautanga Project, an initiative undertaken by the Ministry of
Education [MoE] to revise the previous New Zealand Curriculum Framework
[NZCF] (Ministry of Education, 1993a).

The New Zealand Curriculum Framework (Ministry of Education, 1993a)

The NZCF (Ministry of Education, 1993a) was the umbrella document for all
curricula taught in New Zealand schools, from years 1-13 from 1993 until 2010. It
contained seven interrelated Essential Learning Areas’* [ELA] (Ministry of

Education, 1993a) that were identified as important for all New Zealand students to

"' The Essential Learning Areas defined in the NZCF (Ministry of Education, 1993a) were Science,
Social Sciences, Mathematics, The Arts, Languages and Language, Health and Physical Well-
being, and Technology.
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study from years 1-10'2. Rather than prescribing the knowledge and skills teachers
were required to deliver to students, each ELA defined a set of achievement
objectives. These objectives described broad learning goals, providing teachers’
flexibility to develop student tailored learning programmes. The NZCF (Ministry of
Education, 1993a) therefore was underpinned by a post-modernist view of teaching
and learning, where curricula were presented as frameworks (Shearer, 1997) that
allowed teachers’ to develop classroom programmes to best meet their students
learning needs. This ‘learner-centred’ (Print, 1993) approach to curriculum design
enabled teachers to develop classroom curricula and adopt pedagogical delivery
strategies that were ‘outcomes based’, focused on the ‘learner’ and their learning

needs, rather than solely on the curriculum itself (Harwood, 2007).

The NZCF (Ministry of Education, 1993a) provided a guiding framework for the
development of the seven ELA curriculum statements. However, due to each of
them being developed individually over seven years*, and there being changes
over this period of time in interpretation of what an ELA curriculum statement
needed to contain, details within the statements varied. These variations led to there
being a considerable difference between the first ELA statements developed and
those which followed later. For example, the number of achievement objectives
listed significantly reduced from the first ELA curriculum statement developed to
the last. This reduction in the number of achievement objectives is highlighted
when the Mathematics in the New Zealand Curriculum [MINZC] (Ministry of
Education, 1993b) is compared with The Arts in the New Zealand Curriculum
[TAINZC] (Ministry of Education, 2000) which was gazetted'* seven years after the
MIiNZC. The MINZC (Ministry of Education, 1993b) contained 281 achievement
objectives that were required to be addressed within compulsory mathematics
education while TAINZC (Ministry of Education, 2000) had only four common

"2 Year 10 marks the end of compulsory education in New Zealand where all students must be
provided opportunity to study each of the seven ELA described in the NZCF (Ministry of
Education, 1993a). In years 11-13 students are offered an opportunity to specialise their
learning, and are offered a choice of subjects to study.

" The first ELA curriculum statement developed was Science, published in 1993. The last statement
developed was The Arts in 2000. The curriculum statement for technology under the NZCF
(Ministry of Education, 1993a) was drafted in 1993, released in its final form in 1995 and
gazetted to become a part of the compulsory school curriculum from years 1-10 in 1999.

¥ When curriculum statements for the ELA were ‘gazetted’ they became a part of compulsory
school curriculum from years 1-10. They also framed the delivery of school based curriculum
and assessment for qualification in years 11-13.
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generic achievement objectives that were contextualised across the four disciplines
of Art (e.g. visual art, drama, dance and music). Other notable differences included
later gazetted ELA curriculum statements reducing the amount of teacher advice
and guidance provided on how to deliver curriculum, and a removal of the section

that provided teacher’s guidance on assessment.

To address differences in ELA curriculum statements, and also gauge the
effectiveness of their implementation, a ‘curriculum stocktake’ was undertaken in
2001 by the MoE. This stocktake included a review of the ELA curriculum
statements, evaluations by international curriculum experts, and an analysis of
teachers’ experiences in delivering curricula aligned to the ELA curriculum
statements (Jones, Harlow, & Cowie, 2004). Teacher sampling was accomplished
through a National School Sampling Study [NSSS]. Key aspects were investigated
by the NSSS using national focus groups, questionnaires and case studies. These
aspects included: the background and experience of teachers; professional support
offered to teachers; the usefulness of the curriculum documents; general issues
related to curriculum implementation; practice; and impact and compliance issues
(Jones, Harlow, & Cowie, 2004). Along with other learning areas, the NSSS
provided an opportunity for teachers who had been involved in implementing
TiNZC (Ministry of Education, 1995) to share their experiences (Jones, Harlow, &
Cowie, 2004). The major outcome of this stocktake was a decision to develop the
NZCF (Ministry of Education, 1993a) and define new curricula for all learning
areas under the New Zealand Curriculum and Marautanga Project [NZCMP].

2.2.2 New Zealand Curriculum and Marautanga Project

The goals for redeveloping the NZCF (Ministry of Education, 1993a) under the
NZCMP included:
- clarifying and redefining the intended learning outcomes for each of the
ELA
- placing a focus on quality teaching

- strengthening school ownership of curriculum
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- better supporting communication and strengthening partnerships between
the education sector, and parents, whanau', and communities.

(Ministry of Education, 2005)

As a result of the redevelopment of the NZCF (Ministry of Education, 1993a), two
new curriculum frameworks were written — The New Zealand Curriculum (Ministry
of Education, 2007) developed for schools delivering curricula in the English
medium, and the Te Kaupapa Marautanga o Aotearoa [TKMoA] which set the
direction for teaching and learning in Maori medium primary and secondary kura'®,
The TKMoA curriculum followed the same goals and premise as the NZC, however
those perspectives pertinent to Maori, including key competencies, values and

attitudes were highlighted within this curriculum.

The NZC (Ministry of Education, 2007) incorporated:

- an ‘essence statement’ (descriptive statement) that encapsulated the
fundamental ideas and important student learning outcomes for each ELA.

- aneighth ELA called International Languages

- a revision of the previous Language and Languages ELA to only include
English and Te Reo Maori

_ the removal of the 1993 curriculum Essential Skills'” and inclusion of Key
Competencies'®

_a revision of the 1993 section on Attitudes and Values™ to provide a clear
expectation that schools and teachers will promote a broad set of values

identified as important to all New Zealanders (Ministry of Education, 2005).

'S Whanau is a term used by New Zealand Maori to refer to an extended family or group of extended
families living in the same area.

' A kura is a state school where the principal language of instruction is Te Reo Maori.

"7 The Essential Skills identified in the NZCF (Ministry of Education, 1993a) were Communication,
Numeracy, Information, Problem solving, Self-management and Competitive, Social and
Cooperative, Physical and Work and Study skills.

18 Key Competencies is a term that describes the desirable competencies all students should aim to
attain as a result of participation in learning. This term was first identified in an OECD project
called: Definition and Selection of Competencies: Theoretical and Conceptual Foundations
(DeSeCo).

" Attitudes and Values were not specifically defined in the NZCF (Ministry of Education, 1993a).
Rather attitudes were identified as “positive dispositions towards things, ideas or people” and
values as “internalised beliefs, or principles of behaviour held by individuals or groups”
(Ministry of Education 19933, p.21).

page 15



Chapter 2
Literature Review

In 2010, the NZC (Ministry of Education, 2007) was gazetted and so became the
compulsory framework for writing all school curriculum from years 1-10. Unlike
the 1993 NZCF post-modernist underpinning, the 2007 NZC emphasised a view of
teaching and learning focused on educating students for ‘democratic citizenship’
(Compton, 2007). This shift in focus was in response to contemporary learning
theories, such as constructivist and socio-cultural learning theories, that highlighted
the need for a re-conceptualisation of ‘knowledge and learning’ in educational
policies and practices to align with contemporary 2Ist century societies
(Chamberlain, 2008; Richard & Usher, 1994). This re-conception meant that the
NZC (Ministry of Education, 2007) developed as an ‘outcomes-oriented’
curriculum, placing emphasis on ‘substance’ (knowing) and ‘processes’ (doing).
As such, the NZC (Ministry of Education, 2007) did not prescribe content to be
taught, rather it provided teachers and schools flexibility so that students could
develop “a broad technological literacy that equips them to participate in society as
informed citizens and give them the access to technology related careers” (Ministry
of Education, 2007, p.32). The NZC (Ministry of Education, 2007) therefore was
positioned as the overarching framework for teachers’ to develop classroom
programmes to best meet their student learning needs. It did this by “set[ting]
direction for student learning” and providing “guidance to schools as they design
and review their curriculum” (Ministry of Education, 2007, p.6). To enable teachers
to enact this framework, the ELA defined in the NZC (Ministry of Education, 2007)
state “succinctly what each learning area is about and how learning is structured”
(Ministry of Education, 2007, p.4), and prescribes a set of achievement objectives
that describe broad learning goals.

2.2.3 Technology in New Zealand Curriculum

As part of the New Zealand Curriculum and Marautanga Project, TINZC (Ministry
of Education, 1995) was reviewed and a Learning Area Statement [LAS] that
redefined technology was developed. This LAS describes technology as providing
students opportunity to “learn to be innovative developers of products and systems

and discerning consumers who will make a difference in the world” (Ministry of
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Education, 2007, p.17). It further defines technology as:

Intervention by design: the use of practical and intellectual resources

to develop products and systems (technological outcomes) that expand

human possibilities by addressing needs and realising opportunities.
(Ministry of Education, 2007, p.32)

While seven technological areas® had previously been defined as important for
students to experience in the TiINZC (Ministry of Education, 1995), classroom
practice and research had showed that learning in technology often crossed a
number of these technological areas (Compton & Harwood, 2003). The defined
technological areas in TiNZC (Ministry of Education, 1995) were therefore
replaced in the technology LAS (Ministry of Education, 2007) with a list that
describes a broad range of related technology areas “associated with the
transformation of energy, information, and materials” (p.32). This list includes
control, food, information and communications technology, and biotechnology. To
allow students to develop technological literacy the curriculum requires that
student’s experience a wide range of these technologies in a variety of contexts
across the three technology LAS curriculum strands: Technological Practice,
Technological Knowledge, and Nature of Technology (Ministry of Education,
2007).

Changes to Curriculum Strands

The overall aim of technology as defined in TINZC (Ministry of Education, 1995)
was stated as allowing students to develop ‘technological literacy’ through
undertaking technological practice. This aim was retained in the technology LAS
(Ministry of Education, 2007) however, the concept of technological literacy, and
how it is attained, was extended so it was no longer solely related to technological
practice (Compton, 2009). This change was in response to limitations found during
implementation of the TINZC (Ministry of Education, 1995). TiNZC (Ministry of
Education, 1995) contended that supporting students to undertake technological
practice from a strong sociological focus enabled them to “move their technological

literacy away from a ‘functional’ orientation to a literacy that was ‘liberatory’ in

2 The seven technological areas were: information and communications technology, food
technology, materials technology, electronics and control technology, structures and
mechanisms, production and process technology, and biotechnology.
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nature” (Compton & Harwood, 2008, p.1). While this argument was in keeping
with contemporary sociological understandings of technology and technological
practice at the time (Barnett, 1995; MacKenzie & Wajcman, 1985; Pacey, 1983;
McGinn, 1990), evidence gained from senior secondary examination results?!
indicated that the nature of students’ technological literacy was limited (Compton,
2009; Compton & France, 2007b; Compton & Harwood, 2008). It was identified
that this limitation was due to student knowledge and skill development being
solely immersed within technological practice (Compton, 2010a; Compton &
Harwood, 2008). Research findings from the NSSS, across all year levels, also
suggested that students were not achieving the level of informed criticality that
TiNZC (Ministry of Education, 1995) had aimed for (Jones & Compton, 2009). It
was hypothesised that this situation was also due to technology programmes
focusing on “developing students’ understandings of and about technology almost
exclusively within the context of their own technological practice” (Compton &
Harwood, 2008, p.1). Therefore, it was argued that the TiNZC (Ministry of
Education, 1995) failed to support students to develop generic technological
concepts, and philosophical understandings about technology and the outcomes of
technological development. To redress this situation it was argued that a stronger
curriculum focus needed to be placed on the ‘philosophy of technology’ and on the
‘generic concepts’ underpinning technological practice (Compton, 2004; Compton
& Jones, 2004). The revised 2007 technology LAS (Ministry of Education, 2007)
therefore restructured the curriculum around three new strands: Technological
Practice and the newly defined Nature of Technology and Technological
Knowledge (Compton & France, 2007a)?; and eight new components were
identified with defined achievement objectives for curriculum levels 1-8. These
new strands and components were included to allow “students to develop a broad
technological literacy that will equip them to participate in society as informed
citizens and give them access to technology-related careers” (Ministry of

Education, 2007, p.32).

2! At senior secondary school (Years 11, 12 and 13) students participate in national examinations.
These examinations are administered by the New Zealand Qualifications Authority [NZQA], a
Crown Entity who are responsible for managing all nationally prescribed assessments and
examinations registered on the New Zealand Qualifications Framework.

22 An explanation of the research that informed the defining of the Nature of Technology and
Technological Knowledge strands for technology LAS (Ministry of Education, 2007) is
presented below.
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Achievement Objectives Changes

The ‘achievement objectives’ and their corresponding progression statements®
presented in the TINZC (Ministry of Education, 1995) document were written on a
‘projected belief” rather than ‘absolute knowledge’ of what students could achieve
in technology education (Compton & Harwood, 2000; Compton & Harwood,
2004b; Compton & Harwood, 2005). This was not the case for technology in the
NZC (Ministry of Education, 2007). The ‘achievement objectives’ and ‘progression
statements’ written for the Technological Practice strand of technology in the NZC
(Ministry of Education, 2007) were based on findings from twelve years of
research conducted inside New Zealand classrooms. This research had focused on
developing an understanding about what students could achieve in technology
when provided an opportunity to engage in technological activity (Compton &
Harwood, 2004b; Compton & Harwood, 2005; Moreland & Jones, 2000; Moreland,
Jones & Northover, 2001). The Indicators of Progression for technological practice
were developed out of the Technology Education Assessment in Lower Secondary
[TEALS] (TEALS 1999; 2000) research (Compton & Harwood, 2003; Compton &
Harwood, 2005), and provided to the MoE in 2005 to support the development of
Technological Practice strand achievement objectives. The ‘achievement
objectives’ for the Technological Knowledge and Nature of Technology strands
however were not informed by the same level of classroom research (Compton &
France, 2007a). Their Indicators of Progression were initially developed from
research undertaken inside New Zealand classrooms during the Technological
Knowledge and Nature of Technology (TKNoT) research project (Compton &
France, 2007b) and later refined by the Technological Knowledge and Nature of
Technology: Implications for teaching and learning (TKNoT Imps) research project
(Compton & Compton, 2011; 2012).

Technological Knowledge and Nature of Technology project

To identify the components and develop descriptors for the strands Nature of
Technology and Technological Knowledge for the technology LAS (Ministry of
Education, 2007), a research project was commissioned by the MoE. This project,

called the Technological Knowledge and Nature of Technology [TKNoT], was

3 Statements that describe eight levels of student competency for each achievement objective -
Level 1 being the lowest level of competency and level 8 the highest.
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conducted by Dr Vicki Compton and Dr Bev France from the Faculty of Education,

The University of Auckland.

The overall goal of the TKNoOT research project was to identify the key components
for Technological Knowledge and the Nature of Technology strands that were to be
included in technology in the NZC (Ministry of Education, 2007). Initial indicators
of how these key components progressed in terms of student achievement from
curriculum levels 1-8 were identified, and advice and guidance to inform the
writing of the technology LAS and achievement objectives for these two strands
was also provided. To achieve these outcomes, the researchers focused on three

research questions:

1. What are the essential components of Technological Knowledge and the
Nature of Technology critical for technology education in New Zealand?
2. How does technological knowledge progress across the New Zealand
Curriculum framework levels 1-8?
3. How does the nature of technology progress across NZCF levels 1-8?
(Compton & France, 2007b, p.164)

The TKNOT research was embedded in “contemporary theory - from the philosophy
of technology and technology education” and drew on “the knowledge located in
the New Zealand technology community of practice, and contemporary technology
education practice via teachers and teacher educators” (Compton & France, 2006b,
p.2). To ensure that technological sectors significant within New Zealand had an
opportunity to have input into identifying strand components, a mix of academic
and practising technologists from a broad range of technological areas (for
example, biotechnology, engineering, food technology, control technologies,
information and communication technologies, architecture, and creative design)
were consulted (Compton & France, with Pound & Archer, 2012). Recognised
international experts in the field of technology education were also asked for input
to ensure developing ideas could be discussed outside the New Zealand context.
The inclusion of these experts, in the consultation process, “ensured the research
outcomes were relevant to New Zealand but not so ‘insular’ as to render them
invalid in the wider global context” (Compton & France, 2006b, p.2). Primary,

intermediate and secondary teachers, and their students, also participated in the
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later phases of the research project. Their input allowed initial indicators of student
achievement and their likely progression from curriculum levels 1-8 to be
identified.

From the TKNOT research, three components of Technological Knowledge and two
components for the Nature of Technology were identified. Draft indicators of how
these components might progress across curriculum levels 1-8 were also written.

The components identified were:

Technological Knowledge: ~ Technological modelling
Technological products
Technological systems

Nature of Technology: Characteristics of technology

Characteristics of technological outcomes

The Technological Knowledge strand allows students to develop conceptual
understandings about knowledge that are generic to all technological undertakings,
regardless of the specific context they are studying, or the technological practice
they undertake (Compton and France, 2006b). Key understandings incorporated
into this strand are functional modelling and prototyping, material use and
development, and components of technological systems and how they interact.
Students learn:

e how functional modelling is used to evaluate design ideas, and how
prototyping is used to evaluate the fitness for purpose of products and
systems as they are developed

e the importance of understanding material properties and uses

e how materials can be incorporated or developed into products and systems
to allow them to achieve functional and physical requirements

e about constituent parts of systems and how these work together to enable a

system to operate the way that it does.

The three strand components, technological modelling, technological products,
and technological systems are based on a ‘functional’ epistemology that considers

conceptual knowledge belonging to the domain of technology; that is, knowledge
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judged as ‘key’ generic concepts that underpin technological practice and
technological outcomes (Compton, 2004; Compton & France, 2006b). Compton
and France (2006b) conceived that students who understand these concepts could
justify the ‘fitness for purpose’ of a technological outcome in terms of its physical
(e.g. size, colour, shape, chemical or electronic composition) and functional (e.g.
what it can do or how it functions) properties and establish the likely acceptance of
an outcome in a wider societal sense. Descriptions provided for the three
components of Technological Knowledge were:
Technological modelling: refers to modelling practices used to enhance
technological developments and includes functional modelling and
prototyping. Functional modelling allows for the ongoing testing of
design concepts for yet-to-be-realised Technological Outcomes.

Prototyping allows for the evaluation of the fitness for purpose of the
Technological Outcome itself.

Through technological modelling, evidence is gathered to justify decision
making within Technological Practice. Such modelling is crucial for the
exploration of influences on the development, and for the informed
prediction of the possible and probable consequences of the proposed
outcome. Technological modelling is underpinned by both functional and
practical reasoning. Functional reasoning focuses on 'how to make it
happen' and 'how it is happening'. Practical reasoning focuses on 'should
we make it happen?' and 'should it be happening?’

Decisions as a result of technological modelling may include the:
termination of the development in the short or long term, continuation of
the development as planned, changing/refining the design concept and/or
the nature of the Technological Outcome before proceeding, or to
proceed as planned and/or accept the prototype as fit for purpose.

(Compton, 2010, p.49)

Technological products: are material in nature and exist in the world as
a result of human design. Understanding the relationship between the
composition of materials and their related performance properties is
essential for understanding and developing technological products.
Technological knowledge within this component includes the means of
evaluating materials to determine appropriate use to enhance the fitness
for purpose of technological products. It includes understandings of how
materials can be modified and material innovation. Understanding the
impact of material selection and development on the design,
development, maintenance and disposal of technological products is also
included. (Compton, 2010, p.56)
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Technological systems: are a set of interconnected components that serve
to transform, store, transport or control materials, energy and/or
information. These systems exist in the world as the result of human
design and function without further human design input. Understanding
how these parts work together is as important as understanding the
nature of each individual part.

Technological system knowledge includes an understanding of input,
output, transformation processes, and control, and an understanding the
notion of the 'black box' particularly in terms of sub-system design.
Understanding redundancy and reliability within system design and
performance, and an understanding of the operational parameters of
systems are also included. Specialised languages provide important
representation and communication tools and are therefore included to
support developing ideas of system design, development, maintenance
and troubleshooting.

(Compton, 2010, p.62)

The Nature of Technology strand provides opportunity for students to develop a
philosophical understanding about technology as a discipline and to gain an
understanding about how technology differs from other forms of human activity. In
studying this strand, students are supported to develop a critical understanding of
technology, especially in regards to ethics, values and reasoning. Compton and
France (2007a) argue, that when students possess a critical understanding of
technology they can undertake informed reflections on both their own and others
“technological development and outcomes, and justify their [own subsequent]
actions across a range of priorities including the rights and roles of those from
other socio-cultural positions and powerbases” (p.162). They hypothesised that
possessing such a critical understanding allows students to participate in informed
debate on historical and contemporary issues, and future scenarios about
technology (Compton, 2007; Compton & Jones, 2003; Compton & France, 2007a).
This stance is in keeping with the educational goals discussed by other technology
educators, of empowering students to become informed and critical citizens
(Dakers, 2006), that not only think about what is happening around them, but who
also have the capacity to take action (Keirl, 2006). There are two components to
the Nature of Technology strand - characteristics of technology and characteristics
of the technological outcomes. Description for the two components of Nature of

Technology state:
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Characteristics of technology: Technology is defined as purposeful
intervention-by-design. It is a human activity, known as Technological
Practice, that results in Technological Outcomes that have impact in the
world. Technological outcomes can enhance the capability of people and
expand human possibilities. Technological outcomes change the made
world, and may result in both positive and negative impacts on the social
and natural world. Technology uses and produces technological
knowledge. Technological knowledge is aligned to function, and
validation of this knowledge occurs within technological communities
when it is shown to support the successful development of a
Technological QOutcome. Technology is historically positioned and
inseparable from social and cultural influences and impacts.
Contemporary  Technological — Practices increasingly rely on
collaboration between people within the technology community and with
people across other disciplines.

(Compton, 2010, p.43)

Characteristics of technological outcomes: are products and systems
developed through Technological Practice for a specific purpose. A
Technological Outcome is evaluated in terms of its fitness for purpose.
Technological outcomes can be described by their physical and
functional nature. A Technological Outcome can only be interpreted
when the social and historical context of its development and use are
known. The term proper function is used to describe the function that the
technologist intended the Technological Outcome to have and/or its
socially accepted common use. If a Technological Outcome does not
carry out its proper function successfully it is described as a malfunction.
Alternative functions are successful functions that have been evolved by
end-users. Technological outcomes work together with non-
technological entities and systems in the development of socio-
technological environments.

(Compton, 2010, p.37)

To substantiate the draft indicators identified by the TKNoT research project for the
Technological Knowledge and Nature of Technology strand components, in
November 2007 the MoE funded an additional two years of research. This
additional research sought to gain classroom informed understandings on how
teachers could progress student abilities across curriculum levels 1-8 in these two
strands. Called, Technological Knowledge and Nature of Technology: Implications
for teaching and learning [TKNoT: Imps], this research was conducted by Dr Vicki
Compton and Angela Compton from the Faculty of Education, The University of
Auckland.
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Technological Knowledge and Nature of Technology: Implications for teaching

and learning project

The TKNoT: Imps research project set out to answer the following questions:

1) What does progression within the Technological Knowledge and Nature of
Technology strands look like?

2) What are appropriate and effective pedagogical strategies and associated
practies that support student learning in technological knowledge and
nature of technology in New Zealand schools?

(Compton & Compton, 2009, p.6)

The researchers employed a ‘critical social science’ methodology for the research.
This allowed them to “gain an understanding of complexities of the technology
education world in order to make changes in that world” (Compton & Compton,
2009, p.6). Critical social science’ upholds an epistemological view that
disciplines validate knowledge according to their own agreed criteria. This view
lends support to the application of both sociocultural and constructivist learning
theories. By employing a ‘critical social science’ methodology, the researchers
were able to change teacher’s current technology programmes, and the activities
embedded within these, in order to gather data that centred on the Technological
Knowledge and/or Nature of Technology strands of the curriculum (Ministry of

Education, 2007). The research was conducted in two phases:

e Phase One: adopted a non-interventionist approach and gathered baseline
data on student’s conceptual understandings about the components from the
strands Technological Knowledge and Nature of Technology. Understandings
gained from this phase were used to inform the re-writing of the component

indicators of achievement.

e Phase Two: teacher’s technology programmes were changed to include
specific activities that focused on enhancing student achievement in a
component(s) from the Technological Knowledge and Nature of Technology
strands. These activities were written, based on the student achievement
findings from Phase One, to provide opportunity for student progression

according to the revised component indicators of achievement.
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As a result of the TKNoT Imps research the previous draft indicators of
achievement for the strand component for Technological Knowledge and Nature of
Technology were significantly revised (Compton & Compton, 2011; 2012). A
follow on research project, called Technological Literacy: implications for teaching
and learning [TL: Imps], developed progression diagrams for the components of
Technological Knowledge and Nature of Technology to illustrate the relationship
between indicators and the nature of progression within and across curriculum
levels (Compton & Compton, 2010a). Similar diagrams were also developed for the
Technological Practice components (Compton & Compton, 2010a).

Technological Practice

The Technological Practice strand provides students opportunity to “examine iSSUes
and existing outcomes [including the practice of others] and use the understandings
gained, together with design principles and approaches, to inform their own
practice” (Ministry of Education, 2007, p.32). Technology in the NZC (Ministry of
Education, 2007) expects teachers to offer students opportunity to develop a range
of outcomes in technology education. This range includes: conceptual designs,
technological models, prototypes, and realised technological outcomes that can be
placed in situ and/or taken into multi-unit production. In developing these
outcomes, students are expected to consider ethical and legal requirements, and
protocols that may impact on the practice undertaken to develop the outcome, and
the outcome(s) itself (Compton & Harwood, 2005; Compton, 2007). They are also
encouraged to minimise any potential negative impact on stakeholders to the

outcome.

There are three components to the Technological Practice strand — planning for
practice, brief development and, outcome development and evaluation. These
components were established from earlier research (TEALS* 1999:; 2000)
conducted by Compton and Harwood (2003; 2005). Description for the three

components of the Technological Practice strand state:

* TEALS was a Ministry of Education funded research contract, called Technology Education
Assessment in Lower Secondary that was conducted by Compton and Harwood. When implemented
in 2010 it centred on lower secondary school, Years 9-10 and in 2011 was extended to cover Years
1-13.
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Brief development: is a dynamic process that reflects the complex
interactions within ongoing technological practice. A brief is developed
to clearly describe a desired outcome that would meet a need or realise
an opportunity, and takes into account the physical and social
environment. It is comprised of a conceptual statement that
communicates what is to be done and why it should be done.

It also includes specifications that define the requirements of a
technological outcome in terms of its physical and functional nature. The
specifications provide guidance for ongoing evaluation during the
development of an outcome, as well as serving as an evaluative tool
against which the final outcome can be justified as fit for purpose. Brief
Development can be thought of as the defining practices of technological
practice.

(Compton, 2010, p.18)

Planning for practice: effective planning techniques are critical for
informed and responsive technological practice. Planning tools must be
fit for purpose if they are to ensure the successful development of
outcomes. Planning allows understandings from past and current
experiences, as well as those that may be reliably forecast, to be taken
into account in a systematic and managed way. Efficient resource
management and accessing of stakeholder feedback relies on forward
planning. Planning for practice incorporates ongoing critical evaluation
and efficient and appropriate documentation. Planning for Practice can
be thought of as the organising practice of technological practice.

(Compton, 2010, p.24)

Qutcome development and evaluation: the development of a
technological outcome (product or system), or any other outcome of
technological practice (concepts, plans, models, etc.), involves the
creative generation of design ideas and the refinement of potential
outcomes. This is achieved through ongoing research, experimentation,
analysis, testing, and evaluation against the specifications of the brief

Developments should be based on the evaluation of the functional
modelling undertaken during practice, and prior to the realisation of the
outcome. Refinement of a realised technological outcome should be
informed by evaluations from prototype testing in situ, in order to
optimize its fitness for purpose. Outcome Development and Evaluation
can be thought of as the trialling and production practices of
technological practice.

(Compton, 2010, p.29)
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2.2.4 Nature of student learning in technology education

For students to meet the identified aim of technology education and develop
technological literacy, they need to be able to competently undertake and
understand technological practice within the contemporary technological
discourse/s in which they are situated (Compton & Harwood, 2003). Alongside
this, they also need to demonstrate understanding of both the nature of technology
and technological knowledge (Ministry of Education, 2007). It is recognised
however, that there are varying types of technological literacy that a person may
possess. This spans from a literacy that is more functional in nature (Barnett, 1994;
Custer, 1995; Layton, 1987) to one that is ‘deep, broad and critical’ in nature
(Compton, 2009; Compton & France, 2006b; Compton & Harwood, 2008). A
person who possesses a functional literacy is seen to create technological outcomes
(products, systems or environments) through undertaking technological practice
and demonstrating understanding of technological knowledge and the nature of
technology from within the boundaries of their current location (Compton, 2004;
Compton & France, 2006a; Compton & Harwood, 2003). Their outcomes,
including the technological practices used to develop them, most often replicate
that which has been done before. As such, the technological knowledge applied and
understandings of the nature of technology most often mimic prior conceptions
held within the technological discourse in which their outcome(s) is developed. A
person who demonstrates a literacy that is ‘deep, broad and critical’ in nature
however, extends beyond the boundaries of their current location and displays an
ability to critique and undertake comparative analysis of past and current
technologies, and the practices that developed them. They do this by taking apart
technologies in purposeful ways, to not only identify their component parts but also
expose the “intentions behind their designs, the unanticipated applications of
[these] technologies and the relationships between people and [the] technologies”
(Keirl, 2006, p.98). A person who possesses a deep broad and critical technological
literacy is therefore able to contribute to the determination of our future
technological society, through participating as an informed citizen (Compton &
Harwood, 2008; Dakers, 2006; Keirl, 2006). Providing opportunity for students to
develop a technological literacy of this nature has inherent implications for the sorts
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of pedagogical practices teachers adopt, as well as the learning contexts they

encourage students to access.

Teachers’ pedagogical practices and learning contexts

To support students to develop technological literacy, the classroom curriculum
needs to encourage students to employ diverse and creative practices that explore a
range of values, ethics and attitudes. A ‘transformative’ learning environment that
encourages and supports them to be critically aware of their own tacit
understandings, and the expectations of others, is essential, particularly for
supporting student decision making (Mezirow, 2000). When such an environment
is provided in technology education it creates opportunities for students to develop
‘intellectual skills’ rather than solely ‘factual knowledge’ (Johnson, 1997). In
contrast, a ‘transmissive’ learning environment encourages a focus on the recall of
‘factual knowledge’ through replication and is something to avoid, unless it is
created for the purposes of skill education that is “taught as empowerment, [and] as

a part of personal potential or cultural heritage” (Keirl, 2006, p.96).

Providing a ‘transformative’ learning environment in technology enables ‘problem-
centred” (Print, 1993) activities to be undertaken that emphasise ‘substance’
(knowing) and ‘processes’ (doing). When a learning environment is established that
uses ‘problem-centred’ activities bound within the classroom, but connected to the
world outside (Ministry of Education, 2007) it allows students to experience and
learn from “problems of living that are both individual and social in nature” (Print,
1993, p.101) that are of interest to them, and relevant to real-world settings (Print,
1993; Shepard, 2000). As demonstrated by Harwood (2007), when technology is
aligned with real-world settings and technologists work alongside students engaged
in problem-centred activities to explore and resolve genuine problems, their

learning is enhanced.

Providing opportunity for students to engage in individual and group technological
activity is also considered an important pedagogical tool for supporting student
learning in technology education (Harwood, 2007). These activities allow students
to gain insight into the “complex relationships involved in such things as

developing and combining (individual and shared) technological knowledge, skill
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and resources, assessing risk, accounting for stakeholder interests, ethics and
understandings, [and] adapting to current boundary conditions and challenging
these when appropriate” (Ministry of Education, 2005, p.1). To allow students to
progress their learning within and across technological activities, teachers need to
plan technology programmes that contain a set of coherent educational experiences.

Programme design

Technology taught under the NZC (Ministry of Education, 2007) framework
requires students to be presented with a balanced teaching and learning programme
that integrate all three technology curriculum strands. Programmes should also
provide an opportunity for students to concentrate learning on one or two strand
components at a time (Keith, 2007; Ministry of Education, 2007). Essential within
the design of a technology programme is space to incorporate the principles,
values, and key competencies identified in the NZC within authentic learning
activities that meet the learning expectations expressed by the technology LAS and
its achievement objectives (Ministry of Education, 2007). Contexts chosen as
suitable technological activities within technology programmes should be built
around available school's resources. These resources include the knowledge and
skills of teachers, and physical and consumable resources, including access to

specialist facilities and available community resources.

To allow student progress to be planned for and monitored across all three strands
(and eight components) of technology in the NZC (Ministry of Education, 2007),
technological activities presented to students must be coordinated within a coherent
programme plan. This means that technology programmes from vyears 1-10
typically span a two-three year time period to ensure full strand (and component)
coverage (Compton & Harwood, 2010b). Because of the need for this coverage,
programme links across transition points within and between schools need to be
established to enable seamless student learning in technology to be achieved. From
previous research conducted by Compton & Harwood (2003; 2005), it has been
demonstrated that when teachers possess a shared understanding of technology
education that includes an in-depth knowledge of the curriculum strands and their
components, and knowledge of how the components progress within and across

curriculum achievement levels, student progression in technology can be supported.
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The following section (Sections 2.3 and 2.4) review the literature on technological
practice and technological knowledge, and discusses its relationship to

technological education and technology in the NZC (Ministry of Education, 2007).

2.3 Technological Practice

2.3.1 Technological Practice: what is it?

Technological practice (or technological activity) refers to the ‘“actions people
undertake to create, invent, design, transform, produce, control, maintain, and use
products or systems” (Ribas, Kistmann & Trabasso, 2007, p.258). These actions
employ ‘creative activity’ to realise solutions to problems that often require
competing criteria to be addressed. Examples of such criteria include: aesthetic
demands, economic restraints and resource availability. When undertaking
technological practice, technologists draw knowledge from a wide range of sources.
Hughes (1986) describes technologists as being “no respecters of knowledge
categories or professional boundaries” (cited in Layton, 1993, p.26), rather he sees
them as drawing knowledge from a ‘seamless web’ of interactive components
within a complex ‘socio-technical’ system. This socio-technical system is explained
by Pacey (1983) when he states that technological practice relies on technical
aspects (knowledge, skills and techniques, tools, machines etc), cultural aspects
(goals, values and ethical codes, beliefs etc) and organisational aspects (economic
and industrial activity, professional activity etc) being brought together. He argues
that all three aspects need to be present when artefacts are created. Pacey (1983)

captures this diagrammatically in Figure 1.

CULTURAL A.SPECTS ORGANISATIONAL ASPECTS
goals, values and ethical codes, economic and industrial activity,
beliefs in progress, awareness of professional ~activity, users and
ELEUS consumers, trade unions
TECHNOLOGICAL o0 B
PRACTICE g ¥
s 9
SIS
=B
e
TECHNICAL ASPECTS
knowledge, skills and techniques, tools, machines,
chemicals, liveware, resources, products and waste

Figurel. Diagrammatic definition of technology and technological practice (Pacey 1983, p.6)
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Feng and Feenberg (2008) question the extent to which a designer’s intentions
shape the outcomes?®® of technological practice, and whether an outcome is in fact
not a compromise between what a designer wants and what the constraints enable.
They argue that outcomes of technological practice are socially constructed and
hence they are shaped through negotiation, persuasion, and debate; aimed at
achieving a rhetorical closure which has community consensus. Feenberg (1999 —
cited in Feng & Feenberg, 2008) explains this in terms of ‘instrumentalization
theory’, a version of constructivism that acknowledges that artefacts are “designed
to conform not to the interests or plans of the actors (alone), but to the cultural
background of the society” (Feng & Feenberg, 2008. P.112). This background,
providing ‘decision rules’ such as beliefs, codified knowledge and procedures that
shape the technological practice conducted and in turn influencing the ‘form’ and

‘function’ of its outcome(s).

Practicing technologists tend to partition their technological practice into stages. An
example of these stages include: clarifying the design task, devising conceptual
designs, symbolising a design and its design detail, realising a design and
evaluating its ‘fitness for purpose’ (Garbacz, 2009). While these stages can be
useful for describing the actions of a technologist during their practice, they follow
no standardised process; rather their practice varies depending on the size, scale
and nature of the problem(s) they are attempting to resolve. Best (2006) sums up

these differences in practice when she states:

Design processes are difficult to standardise, in part because of their
iterative, non-linear nature, and also because the needs of clients and
users are so different. In addition, real life, with its changing market
conditions and customer preferences, is much more dynamic, chaotic
and fuzzy than any standard model can fully accommodate and often,
stages of the design process overlap.

(Best, 2006 — cited in Design Council, 2007, p.3)

What is apparent is that in order to realise an outcome, through undertaking
technological practice, technologists need to ‘isolate’ and ‘reconnect’

understandings about the functional and aesthetic qualities individual components

(e.g. individual materials and/or component parts) offer to a problem’s resolution,

> Outcomes in this case refers to the products and/or systems that are developed as a result of
undertaking technological practice
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as well as cultural understandings about the society where the outcome is to be
developed and finally located. Such isolation and reconnection enables
technologists to determine how individual components may combine to enable a
realised outcome to meet required performance (including societal) specifications,

and therefore be judged as ‘fit for purpose’.

2.3.2 Technological Practice within Technology Education

There has been much contention surrounding the teaching of ‘technological
practice’ in technology education. Much of this contention resides around the
pedagogical approaches used by teachers, to support students to develop
technological outcomes without losing the ‘creative’ aspects of design. A
traditional approach adopted by teachers in many countries to ‘teach technological
practice’ has been to provide a series of pre-determined steps that students follow
to develop outcomes that resolve ‘known’ problems. Williams (2000) identifies
some of these steps as including: identify-design-make-evaluate (UK Department
of Education, 1995), define problem-ideas-model-test (USA International
Technology Education Association, 1998), and design-make-appraise (Australian
Education Commission, 1994). In New Zealand, early design related curricula®
encouraged students to follow a design-and-make process (Harwood & Compton,
2007). These approaches to teaching technological practice meant that students
often systematically worked their way through given steps without thought to the
consequences of ‘what comes next’ and/or critical reflection on what ‘had gone
before’. Research within education has revealed that the “outcome of a design, or
the solution to a problem, involves more variables than can be represented in a
sequence of process steps” (Williams, 2000, p. 1). de Vries (1996) also raised
concerns of this nature when he stated that teachers must “.... avoid a naive use of
generalistic design prescriptions. As in the reality of the industrial practice, we will
find out that methods need to be adapted to the needs of the specific product that is
being designed ....” (p. 2). This understanding of the iterative ways in which
outcomes are designed, according to Williams (2000), does not however mean that

students cannot be provided with a framework to structure activities when

26 These curricula included: Workshop Craft (Years 9-10); Workshop Technology (Year 11) and
Design and Technology (Years 12-13). A focus on a design-and-make process shifted with the
introduction of technology in the New Zealand Curriculum (Ministry of Education, 1995;
2007) as describe further in Section 2.3.3.
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undertaking technological practice. Those activities used by students, when
engaged in technological practice, and the order in which they are used needs to be
determined with consideration to the character of the student and the nature of the
problem they are addressing (Williams, 2000). Williams (2000) identified such

activities as being:

o evaluation « research and investigation

o documenting e modelling

e generating ideas e communication

e producing Williams, (2000, p.3)

This ‘activities approach’ to technological practice therefore recognises that
different people will use different strategies for designing, often based on their
thinking preferences (in pictures or in words, more convergent or more divergent)
and that education “should not try to force them to use generalistic strategies that
may not fit their personality” (de Vries, 1996, p.2). Williams (2000) and de Vries
(1996) belief that there is no justifiable prescribed way of undertaking
technological practice, is aligned with Best’s (2006) observations that professional
technologists also follow no standardised process when undertaking technological

practice.

Both Williams (2000) and de Vries (1996) argue the need for scientific knowledge,
along with knowledge from other domains, to be integrated into technological
practice and not be separated as theory and practice. Knowledge from other
domains in this case referring to: knowledge about social phenomena (values,
ethical codes, beliefs, economics, market requirements, laws, patents, political
decisions, etc.) and technical knowledge (tools, techniques, material aesthetic and
functional qualities etc.). This argument aligns with Pacey’s (1983) construct of
technological practice, that draws knowledge on technical, cultural and
organisational aspects together in order to create solutions to problems that are ‘fit
for purpose’, and Hughes (1986 - cited in Layton, 1993) notion of knowledge being

drawn into technological practice from a ‘seamless web’ of interactive components.

Vincenti (1984) points out the need for knowledge to be mediated into technology
in order to ensure that it does not remain only at a theoretical level of

understanding. According to Lave (1988), ‘real’ design activity, to resolve
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authentic socio-technical problems, provides an ideal vehicle for this mediation to
occur, by enabling students to engage with knowledge ‘in practice’ rather than it
solely residing as an ‘in the head’ experience. A key challenge for teachers
mediating knowledge into such activity, or technological practice however, is
balancing offering students prescribed ‘chunks’ of knowledge teaching that
supports their engagement in the activity, and providing the unstructured freedom
which allows them to realise innovative and creative ‘fit for purpose’ outcomes.
Thompson (1990) suggests that when teachers impose their own “predigested
experience and expectations...” on students this leads to them displaying ... a lack
of creative and individual thought through the development of ‘uniformity,
dependence and acceptance” (p.104). On the other hand, when students engage in
technological practice without appropriate teacher interventions this can also “.....
result in ‘learner helplessness’ and the constrained and restraining use of
knowledge, skills and practices” (Compton & Harwood, 2001, p.42). If teachers
adopt Thompson’s (1990) suggestion and use ‘judicious questioning’, and are
discerning as to ‘whether, when and how’ to intervene in students technological
practice, then a balance between teacher prescribed and a laissez-faire approach to
supporting student practice may entice a display of informed creative and
individual thought.

2.3.3 Technological Practice and Technology in the New Zealand Curriculum
(Ministry of Education, 2007)

The Technological Practice strand, in technology in the NZC (Ministry of
Education, 2007), is focused on students undertaking their own ‘technological
practice’ to realise solutions to problems that require competing criteria to be
addressed. This strand also offers a chance for students to inform their own practice
by reflecting on the technological practice of others. The components of this strand,
brief development, planning for practice, and outcome development and evaluation,
describe ‘subsets’ of technological practice which have been shown to be relevant
to all technological contexts and areas, irrespective of the level of practice
(Compton & Harwood, 2004b). While these components are intrinsically linked in
the act of undertaking technological practice, akin to Hughes (1986 - cited in
Layton, 1993) ‘seamless web’ of interactive components, they each have an

identifiable ‘outcome’. For example: the outcome of brief development is a
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‘developed brief’, the outcome of planning for practice are ‘plans for undertaking
technological practice’ and the outcome of outcome development and evaluation is
a ‘developed outcome that is evaluated’. These component ‘outcomes’, are
explained by their Component Descriptor (for details see Section: 2.2.3). How these
outcomes are realised is not defined by a series of ‘pre-determined steps’, or a
defined process such as: identify-design-make-evaluate (Williams, 2000) or set
sequence of ‘activities’. Instead the ‘key ideas’ underpinning the component are
presented within Explanatory Papers?’ (Compton, 2010a). These papers offer
teachers (and students) a description of the ‘key ideas’ which define the
component, and an explanation of the nature of the practice that underpins it. For

example the ‘key ideas’ underpinning brief development include:

A brief in technology is defined as a succinct guiding document that is
comprised of a 'conceptual statement' that communicates, via any
appropriate means (e.g. through oral, written, graphical means), the
focus and justified purpose of the technological practice to be
undertaken to develop a technological outcome.

A brief also includes specifications that define the requirements of a
technological outcome in terms of such things as appearance and
performance ........ A brief may also include additional constraints on
both the outcome and the practice that must be taken into account
within the project work.

(Compton, 2010a, p.18)

The ‘key ideas’ underpinning the nature of the practice required to ‘develop
a brief” include:

The specifications of a brief are the result of extensive research and
reflect the prioritisation of factors that have arisen as part of key and
wider community stakeholder consultation, and understandings of the
physical and social environmental impacts and influences ........

As the brief is developed stakeholder feedback is essential, and the
media used to communicate the brief should be chosen to gain feedback
in the most effective and efficient manner.

(Compton, 2010a, p.18-19)

?7 Each strand components of technology in the NZC (Ministry of Education, 2007) has an
Explanatory Paper that defines the component (a component descriptor), and describes the key
ideas underpinning it. These papers also provide illustrative examples of the components from
technology and technology education. The Explanatory Papers were developed as teacher (and
student) support material for technology in the NZC (Ministry of Education, 2007) and can be
retrieved from : http://technology.tki.org.nz/Curriculum-support/Explanatory-Papers
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This approach to explaining strand components means that teachers and students
are not ‘told’ the specific sequence or steps to follow when undertaking
technological practice. Rather, they are encouraged to select, adapt and modify
their practice based on informed decisions so that the artefacts that result out of
technological practice can be judged as truly ‘fit for purpose’ in every sense. This
approach is therefore in keeping with Best’s (2006), de Vries (1994) and Williams
(2000) suggestion that the ‘processes’ underpinning technological practice cannot

and should not be prescribed.

The Technological Practice strand of technology in the NZC (Ministry of Education,
2007) provides an opportunity for students to “embed the philosophical ideas from
the Nature of Technology and generic Technological Knowledge [curriculum
strands] in order to better inform their practice” (Compton & France, 2007a, p.172).
This strand also provides an environment where knowledge from other disciplines
can authentically be brought in and used to support the development of
understandings, and the realisation of outcomes that are ‘fit for purpose’. As such,
the Technological Practice strand in the NZC (Ministry of Education, 2009) presents
a place to mediate knowledge into technology (Vincenti, 1984) from science and
other domains as an integral part of informing practice.

The Indicators of Progression for the components of Technological Practice
(Compton and Harwood, 2010b) that describe expected student levels of
achievement at curriculum levels 1-8 are presented in Appendix D: Indicators of
Progression for Technological Practice. These Indicators, developed through
classroom based research conducted by Compton and Harwood (2005; 2004b), and
subsequently revised in 2010, describe the nature of the practice that underpins the
component at increasing levels of sophistication; therefore allowing ... teachers
[and students] to develop a sense of what it is to become more ‘expert’ in one’s

technological practice ...” (Compton & Harwood, 2004b, p29).
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2.4 Technological Knowledge

2.4.1 Technological Knowledge: what is it?

There has been considerable debate internationally among technology educators as
to the existence of technological knowledge (Baird, 2002; Custer, 1995; Ihde, 1997,
Johnson, 1997; Layton, 1987; McCormick, 2004; McGinn, 1990; Ropohl, 1997)
and the ability to define its curricular elements (de Vries & Tamir, 1997;
Herschbach, 1995; McCormick, 2004; Rowell, 2004). This debate is largely centred
on what defines technological knowledge and how it is different from science
knowledge. Technological knowledge is considered to arise from and be embedded
in human activity (Herschbach, 1995; McCormick, 2004; Ropohl, 1997; Roth,
2009; Rowell, 2004; Stevenson, 2004; de Vries & Tamir, 1997). As such, it is
activity that “establishes and orders the framework within which technological
knowledge is generated and used” (Herschbach, 1995, p.33). Technological activity
therefore can be thought of as not only providing a means to change the world
through it developing technological outcomes, but also the instrument which
heightens human consciousness and knowledge, which allows them to control
and/or manipulate the physical world. In contrast, scientific knowledge is focused
on explaining the “physical world and its phenomena” (Herschbach, 1995, p.33)
through “observation and predicts in order to confirm theory” (Herschbach, 1995,
p.34). Scientific knowledge therefore focuses on establishing a relationship
between humans and the world, by connecting their thinking with the world. As a
result scientific knowledge provides a means to “assert a fact or develop a detailed
picture of how we think things are” (Baird, 2002, p.18). According to Layton
(1974), “science seeks to expand knowledge through the investigation and
comprehension of reality” while “technology seeks to use knowledge to create a
physical and organisational reality according to human design” (p.40). These
epistemological differences between scientific and technological knowledge are
further argued by Baird (2002) in terms of ‘truth’ and ‘function’. Baird (2002)
explains that an artefact, the material outcomes of technological activity, “bears
(technological) knowledge when it successfully accomplishes a function” and that
this knowledge becomes validated because of the “reliable, regular predictable

performances of the artefacts” (p.15). In contrast to his explanation of technological
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knowledge, Baird (2002) suggests that scientific knowledge is borne from theories,
aligned to ‘justifiable true beliefs’ or perceived ‘truths’. The efficacy of this
knowledge is its ability to be detached from context while still holding true until
such time that it is debunked. Baird’s (2002) contention that technological
knowledge is validated in relation to successful function, provides a useful means
for defining the curricula elements of technological knowledge; not based on ‘truth’

but on the materialist nature of artefacts (Compton, 2004).

2.4.2 Technological Knowledge within Technology Education

In a desire to legitimise technology education as an academic discipline
(Herschbach, 1995), that addresses wider perspectives of technology and cultural
phenomenon, and not solely “craft, skills-orientated school activity” (de Vries &
Tamir, 1997, p.4), technology educators have focused on identifying the curricula
elements that define technological knowledge (Baird, 2002; de Vries & Tamir,
1997; McCormick, 2004; Mitcham, 1999; Idhe, 1997; Jones, 1997; Rowell, 2004;
Stevenson, 2004). This desire has seen a number of categorisations for curricula
elements of technological knowledge suggested, that purport to capture the essence
of technological knowledge applicable to technology education. This section
provides a brief overview of some of the categorisations, and associated defining
constructs, that have been proposed. To do so, it first looks at some of the
categories which have been used to define technological knowledge within the
domain of technology. It then presents a description of categories that have been
identified specifically for technology education.

Categories of technological knowledge

Vincenti and Technological Knowledge

Vincenti (1984) identified three categories of knowledge which align to the domain
of technology: descriptive, prescriptive, and tacit. He made a distinction between

descriptive and prescriptive knowledge in terms of what they expressed:

o Descriptive knowledge: describing things as they are

e Prescriptive knowledge: prescribing what has to be done in order to achieve

a desired result.
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Vincenti (1984) envisioned descriptive knowledge as being focused on ‘truth’ or
‘fact’ and it being judged in terms of its “veracity or correctness” (p.573) whereas
prescriptive knowledge he identified as the knowledge of “procedure or operation”
and “judged in terms of effectiveness, of degree of success or failure” (p.573). He
identified these categories of knowledge as being different sorts of ‘explicit’
technological knowledge while his third category tacit knowledge being ‘implicit’
“... wordless, pictureless knowledge essential to engineering judgment and workers'
skills” (p.574). Vincenti (1984) considered tacit knowledge to be personal
knowledge that is specific to a context and not often able to be transmitted through
written or oral forms of communication, but rather transmitted from one individual
to another through contact. According to Vincenti (1984) tacit knowledge therefore
is mostly learnt when a person works side-by-side with an experienced technician
or craftsperson. Perrin (1990 — cited in Herschbach, 1997) suggests that operational
knowledge primarily "remains tacit because it cannot be articulated fast enough,
and because it is impossible to articulate all that is necessary to a successful
performance and also because exhaustive attention to details produces an

incoherent message" (Herschbach, 1997, p. 36).

Within technological practice, the tacit and prescriptive categories of technological
knowledge are closely related due to their focus on procedures. Vincenti (1984)
described them as being closely associated with ‘procedural’ knowledge and

captured this relationship in the following diagram:

explicit knowledge
A
- N
descriptive knowledge prescriptive knowledge tacit knowledge
— _/
~

procedural knowledge
(Vincenti, 1984, p.575)

Vincenti (1984) did not envisage that the categories of technological knowledge
were distinct, rather he saw there being cases where knowledge may not fit neatly
into just one category. For this reason he described his category labels as being
“more in the nature of a framework for thinking about the substantive structure of

technological knowledge” (p.575).
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Later work undertaken by Vincenti (1990), in the aeronautical engineering field,
identified that engineers who successfully develop new devices (artefacts) integrate
processes and knowledge in dynamic and complex ways. Vincenti (1990) found
that engineers not only needed to stay informed about new and emerging
technologies, but had also to be aware of knowledge and skills from other domains.
Vincenti (1990) concluded that knowledge is developed when “engineers spend
their time dealing mostly with practical problems, and [that] ‘engineering
knowledge’ both serves and grows out of this occupation” (p. 200). He reasoned
that all “engineering knowledge contributes in one form or another to the
implementation of how things ought to be, usefulness and validity being the key
criteria for assessing engineering knowledge” (Vincenti, 1990, p. 237). The
implementation of how things ‘ought to be’ however, require the use of both
procedural knowledge (know-how) and descriptive knowledge (know-that), some
of which comes from science, but much of it being generated through and within
engineering practice itself. From this work, Vincenti (1990) identified a further six

knowledge category labels:

Theoretical tools: this includes knowledge of: mathematical methods and

structured knowledge; scientific, engineering, and phenomenological theories

and intellectual concepts.

Fundamental design concepts: this includes operational principles and normal
configurations. Operational principles describe how the characteristic parts
which make up a device (or artefact) fulfil their special function(s) in
combination with the overall operation that enables the device to fully function,
and normal configurations describe the shape and/or arrangements of a device
(artefact).

Criteria and specifications: the technical criteria that describe the physical

and functional characteristics of a device (or artefact).

Quantitative data: are the physical properties and quantities required in a

formula(s) to enable a device (or artefact) to function. Important in quantitative
data are understandings of procedures and processes for producing such

properties and quantities.
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Practical considerations: tacit knowledge which is typically learnt on the job

and often not able to be codified. This includes knowledge such as: rules of
thumb, design practice, process-facilitating strategies, knowledge of tool use

and strategies for managing projects.

Contextual and normative knowledge: knowledge of values (personal,

professional, cultural), norms (what is acceptable, expected behaviour) and

contextual factors that describe a devices (or artefacts) qualities.

While these knowledge categories proposed by Vincenti (1990) are considered to
be ‘key’ knowledge for engineers, they do not exclusively belong to the domain of
technology (Ropohl, 1997). For example, the knowledge categories of theoretical
tools and qualitative data (Vincenti, 1990) are heavily reliant on scientific
knowledge (natural knowledge) and therefore cannot be specifically considered to

be technological knowledge (Compton, 2007).

Ropohl and Technological Knowledge

When critiquing the work of Vincenti (1984; 1990), and working on the premise
that “technology is not interested in scientific truth, but in practical success” (p.68)
Ropohl (1997) devised a framework for categorising knowledge used by engineers.
This framework was based on a “systems theory28 of technics” (Ropohl, 1997,

p.67) and identified five different knowledge categories:

Technological Laws: natural laws (scientific laws) which have been transformed

to ensure that they are expedient within application. An example of a technological
law derived from a natural law, Hooke’s law of elasticity, is the application of a
safety coefficient to ensure engineering members within a technological system
(artefact) do not fail when subjected to unpredictable eventualities. Technological
laws also include empirical generalisations that have been proven to be successful

over time within a community of practice, for example, the cutting angles which

8 Systems theory is used to describe a system. This description includes the relationships between
elements (subsystems) that make up a system and their function in relation to the overall system.
Four basic laws are used when describing a system: a system is comprised of more than the set of its
elements; the structure of a system determines its function; the overall function of the system may
be produced by different structures; and a system cannot be described completely on just one level
of hierarchy (Ropohl, 1999).
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are used on cutting devices such as saws and lathe tools. No coherent theory,
derived from natural law exists to explain why these angles are effective; rather this

has been determined through experimentation over a period of time to ‘best’ work.

Functional Rules: define what needs to be done if a “certain result is attained

under given circumstances” (Ropohl, 1997, p.68). Functional rules can be
expressed verbally, diagrammatically or as a set of instructions. They serve as a
‘recipe’ that can be followed successfully without necessarily understanding the

theory (natural law) that underpins it.

Structural Rules: define the assembly and interplay between components within

a technological system. Structural rules are helpful when creating “novel realities”
as they enable mental images to be used to “determine spatial and temporal detail
that cannot be observed” in “non-existing objects” (Ropohl, 1997, p.69). Structural
rules may be derived from natural laws (e.g. OHMs law underpinning how
electrical components are assembled) or from traditional or current experiences that
have proven to be successful (e.g. rules for reinforcing a framework, rules for

laying out a working or construction drawings).

Technical-Know-How: define the “psycho-physical and sensori-motor

coordination” (Ropohl, 1997, p.69) skills underpinning application (e.g. driving a
car, using a cellphone). Technical-know-how skills are gained through practice.
This knowledge either remains at an explicit level or sinks into the subconscious
and becomes tacit knowledge which is later referenced to solve problems, “often

without (the user) realising explicitly just what is happening” (Ropohl, 1997, p.69).

Socio-Technological Understandings: define the “systematic knowledge about

relationships between technical objects, the natural environment, and social
practice” (Ropohl, 1997, p.70). Possessing socio-technological understandings
enables engineers to not only optimise their technical outcomes (artefacts), but also
consider the “ecological and psycho-social context within which the[ir] artefact is
located” (Ropohl, 1997, p.70).
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McCormick and Technological Knowledge

McCormick (1997) drew on the work of cognitive psychologists and learning
theorists to identify two categories of knowledge applicable to technology
education: procedural knowledge and conceptual knowledge. He distinguished
between these two categories of knowledge in terms of the contrast between
‘knowing how’ (procedural knowledge) and ‘knowing that’ (conceptual
knowledge). McCormick (1997) argues that due to the nature of “technology
education being primarily rooted in physical action, and in the physical
manifestation of thoughts” (McCormick, 1997, p.150) that these two categories of
knowledge are intrinsically linked. He sees conceptual knowledge playing an active
role in the process, giving “power to thinking about technological activity”
(McCormick, 1997, p.143), and procedural knowledge being underpinned by
understandings that are conceptual in nature. McCormick (2004; 1997) describes

these categories of technological knowledge as:

Conceptual knowledge: relates to the links between knowledge items, to such an

extent that when learners identify these links, they can be considered to possess
conceptual understanding. This category of knowledge includes knowledge
“...drawn from other subjects, such as science, and that unique to technology”
(McCormick, 1997, p. 153). Conceptual knowledge according to McCormick
(1997) is not simply a “collection of unrelated facts” (p.143), but rather it is
concerned with the relationships that exist between ideas in order that meaning
within technological activity can be attained. Individuals, according to McCormick,
(1997) develop conceptual knowledge that becomes schemata®® through experience
and instruction. Conceptual knowledge in technology is often linked to knowledge
of devices or systems (Gott, 1988). An understanding of concepts as they relate to
devices and systems (artefacts) enables technologists to apply them to something
which is ‘concrete’ rather than to abstract generalities, which is often the case in
science (McCormick, 2004). Possessing conceptual knowledge of artefacts enables
technologists to design, repair and interact with them as they exhibit within and

across particular contexts.

*? Schematic refers to knowledge structures that exist in memory.
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Procedural knowledge: is concerned with technical ‘knowing how’ or knowing
‘how-to-decide-what-to-do-and-when-to-do-it> knowledge. McCormick (1997)

identifies “design, modelling, problem solving, systems approaches, project
planning, quality assurance and optimisation” (p.144) being technological
procedural knowledge. Stevenson (1994 — cited in McCormick, 1997) suggests that
there are three hierarchical levels associated with the use of procedural knowledge,

these being:

Level One: these are directed to known goals and are automatic, fluid
and algorithmic, and include specific skills such as hammering a nail

Level Two: these achieve unfamiliar goals, and operate on specific
procedures and include strategic skills such as problem solving [e.g.
baking a cake by following a recipe]

Level Three: this switches cognition between the other two levels and
hence it is the controlling function
(McCormick, 1997, p.145)
McCormick (2004) argues that in contrast to conceptual knowledge, procedural
knowledge cannot be learnt through theoretical generalisations; rather he stresses
the importance of constructing procedural knowledge within contexts that are
domain specific. This argument supports Ropohl’s (1997) concept that the
knowledge of skills and their application, “technical know-how, can be gained by
thorough practice only” (p. 69). Success in problem solving, the application of
procedural knowledge is according to McCormick (2004), dependent “on knowing
a lot about the area within which the problem requires solving” (p.26). Procedural
knowledge, which is validated by a community of practice and remains explicit,
can manifest into standards or rules. An example of this includes “recipe or

cookbook engineering” knowledge (Pitt, 2001, p.11).

Rowell and Technological Knowledge

Drawing on the work of Aoki (1979 — cited in Rowell, 2004), Rowell (2004)
identified three categories of technological knowledge that she considered
important to technology education — knowledge-for-technological practice,
knowledge-in-technological practice and knowledge-of-technological practice. She

described each of these as:
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Knowledge-for-technological practice: describes what a person needs to know to

undertake technological practice. It places a focus on the discrete concepts or skills
that are applied when solving a particular type of problem. Knowledge-for-
technological practice therefore concentrates on the “practical, conceptual and
procedural dimensions of technological knowledge” (Rowell, 2004, p.49) that
define and enable ‘technological capability’ (Kimbell, 1994). As a result, this form
of knowledge can be defined and formalised within the context of the technological

practice to be undertaken.

Knowledge-in-technological practice: recognises the tacit knowledge applied

within practice when resolving problems. Such knowledge, often personal in
nature, includes the mental conversations that take place when: defining the nature
of a problem; distinguishing the features that require attention and; deciding on the
actions and their sequence that will be used to address the situation. Schon (1992)
identifies this problem resolution as a design situation that is material in nature
which is apprehended through mental conversations directed by ‘deliberative
inquiry’. He describes the knowledge applied by practitioners when engaged in
design and the iterative nature of moving forward using the metaphor “reflective
conversations with materials” (Schon, 1983, p.172). A feature of knowledge-in-
technological practice is that the actions adopted to address a design problem are
not only shaped by the desired features required in the resultant solution
(technological outcome) but also by the constraints of the situation in which the
problem resides. Knowledge-in-technological practice is therefore situational,
which underpins the “interpretive interaction of an individual with materials”
(Rowell, 2004, p.51) and treats every problem as “a new problem by virtue of its
context” (Rowell, 2004, p.50).

Knowledge-of-technological practice: is focused on knowledge that is “mediated

by the use of tools, resources and language within an active community” (Rowell,
2004, p.51), where a community is defined as a group of practitioners engaged in
the resolution of a common problem. Being that, knowledge-of-technological
practice recognises the knowledge gained from technology as social practice.
Knowledge-of-technological practice includes knowledge of the practices that

individual members of a community (and the community as a collective) adopt to
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such things as: the use of tools and material; the way they devise and articulate
strategies (their technological practice) for developing solutions to problems and;
the means that they use to assess the worth of their practice and its resulting
outcome(s). Undertaking a critical inquiry into knowledge-of-technological practice
according to Rowell (2004) affords the use of “authentic discursive practices in

technological activity” (p.52) within one’s own technology practice.

De Vries and Tamir, and Technological Knowledge

De Vries and Tamir, (1997) in identifying the importance of connecting learning
about technological concepts with the learning of process skills, identified two
concept categories for technological knowledge - those which focus on the ‘nature
of technology’ (concepts of technology) and those concerned with the ‘theoretical
concepts underpinning technological activity’ (concepts in technology). They

described each of these as:

Concepts-of-technology: categorises learning focused on the “general

characteristics that determine when something can properly be called technology”
(de Vries & Tamir, 1997, p.5). It places a focus on the concept of technologies
being socially constructed and the need for ‘technology’ to be considered as both
product and process. Learners are asked to consider the differences between the
roles and influences of rational and non-rational factors in technological
development. Understanding these differences allows learners to realise that in
technology both ‘instinct’ and ‘reasoned decision-making’, are often used by

technologists when developing new knowledge, products and/or processes.

Concepts-in-technology: acknowledge that ‘“conceptual knowledge is an

essential component in technological design and problem solving processes” and
that design processes “combine knowledge about concepts [conceptual knowledge]
and processes knowledge [procedural knowledge]” (de Vries & Tamir, 1997, p.7).

De Vries and Tamir’s (1997) category of concepts-in-technology has a close
affiliation to Rowell’s (2004) knowledge-of-technological practice, particularly in

relation to ‘process knowledge’. Their category definition however also
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acknowledges that ‘conceptual knowledge’ is shared by a community engaged in

technological activity.

De Vries and Technological Knowledge in Technology Education

Later work undertaken by de Vries (2003a; 2003b) set out to identify categories of
technological knowledge significant to technology education. To accomplish this,
he drew on understandings put forward by Vincenti (1990) and Ropohl (1997). De
Vries (2003a; 2003b) proposed four categories of technological knowledge:
Physical Nature Knowledge; Functional Nature Knowledge; Means Ends
Knowledge; and Action Knowledge. De Vries’s starting point for establishing these
categories was to focus on the dual nature of technological artefacts which Kroes &
Meijers (2000) identified when they described artefacts as “...designed physical
structures which realise intentionality-bearing functions” (p. Xxv — cited in de
Vries, 2003a, p17). The premise for de Vries (2003a) work was that technological
artefacts could not be completely described within their physical conceptualisation,
because it left no place to explain their functional characteristics. Underpinning this
premise was a belief that an artefact could not be described in detail conceptually,
because their function needed to be realised within an appropriate physical
structure. De Vries (2003a) four categories for propositional knowledge describe
the conceptual knowledge (“knowing that”) which technologists use when
developing artefacts and/or describing the artefact itself. The propositions described

by de Vries (2003a) within each of these four categories are:

Physical Nature Knowledge: describes propositions about the physical

properties of the artefact. While these properties require scientific understandings,
within the category physical nature knowledge, they only need to do so in terms of
how they are operationalised. De Vries physical nature knowledge category links to
Ropohl’s (1997) technological laws and to Vincenti’s (1990) theoretical tools and
descriptive quantitative data categories for describing technological knowledge
(Compton, 2007; de Vries, 2003a). An example of knowledge of a physical nature
is: X knows that an artefact has physical characteristics (i.e. X knows that a cork
screw is made out of stainless steel and consists of a helix with a sharp point (de
Vries, 2003b))
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Functional Nature Knowledge: describes propositions about the function that an

artefact can fulfil. This category of technological knowledge links to Ropohl’s
(2997) functional rules in terms of knowing what to do to ensure function and
Vincenti’s (1990) fundamental design concepts and practical considerations
categories for describing technological knowledge (Compton, 2007; de Vries,
2003a). An example of knowledge of a functional nature is: X is able to propose
what an artefact, which may not as yet exist, is capable of doing (i.e. X knows that
a cork can be removed from a bottle using a cork screw to grip the cork and pull it
out (de Vries, 2003b))

Means Ends Knowledge: describes propositions specifically about the

relationships between physical and functional attributes of an artefact. Means end
knowledge is used to determine if a material and/or artefact is “fit for its intended
function” (de Vries, 2003a, p.13). This category of technological knowledge links
to Rophol’s (1997) structural rules in terms of knowing ‘how’ and ‘why’ things
would need to come together, and to Vincenti’s (1990) criteria and specifications,
and prescriptive quantitative data (Compton, 2007; de Vries, 2003a). An example
of knowledge of a means end nature is: X knows that a physical property of artefact
(combination of properties) enables an artefact to perform a specific action (i.e. X
knows that the sharp end on the helix of a corkscrew allows it to pierce into the
cork when it is turned and that the helix helps to grip the cork (de Vries, 2003b))

Action (or Process) Knowledge: describes propositions in terms of “how to

perform actions that lead to desired outcomes” (de Vries, 2003a, p.14). This
category of technological knowledge links to Ropohl’s (1997) technical know-
how and Vincenti’s (1990) design instrumentalities (Compton, 2007; de Vries,
2003a). An example of knowledge of an action nature is: X knows that a specific
action (or set of actions) will lead to a change (i.e. X knows that the cork can be
removed from the bottle, if the helix of the corkscrew is wound into it and the
corkscrew handle is then pulled (de Vries, 2003Db)).

The categories for knowledge proposed by philosophers and technology educators,
as described above, were reviewed and considered by Compton (2004) to inform

the selection of those components of Technological Knowledge that were later
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defined by Compton & France (2006a; 2007b) and included in the LAS for
technology in the New Zealand Curriculum (Ministry of Education, 2007).

2.4.3 Technological Knowledge and Technology in the New Zealand
Curriculum (Ministry of Education, 2007)

The Technological Knowledge strand components of technology in the NZC
(Ministry of Education, 2007), technological modelling, technological products and
technological systems, as argued by Compton (2010Db), supports students to develop
understandings about ‘key’ generic concepts that underpin technological
development, and the outcomes of such developments. According to Compton and
France (2006b), when students understand these concepts they are equipped to
discern the feasibility of developing technological outcomes and make predictions
about their desirability within a wider societal sense. For this to occur however,
McCormick (1997) argues that students need to possess conceptual understandings
about “relationships among items of knowledge” (p.143). He also argues that
allowing students to solely develop conceptual understandings (or knowledge)
without procedural knowledge, and an appreciation of the interrelationship between
procedural and conceptual knowledge hinders their preparation to engage in
problem solving activity (McCormick, 1997). In upholding McCormick’s (1997)
argument, if students are to be enabled to present justifications and predictions on
developing technological outcomes in ways which are discerning (Compton &
France, 2006b) they need to not only possess understandings bound within the
curriculum components of technology in the NZC (Ministry of Education, 2007)

but to also appreciate the cross component links as well.

For this reason, the components of Technological Knowledge defined in
technology in the NZC (Ministry of Education, 2007) also place emphasis on
students understanding and connecting the ‘key’ concepts within and across
components, with the knowledge that informs and underpins technological
developments (Compton & France, 2006b). For example: a ‘key’ conceptual
understanding identified in the component technological products is that all
materials can be described by their performance properties, and that it is these
properties that define how a material can be transformed and manipulated. When

this concept is understood and interconnected with procedural understandings
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(within technological practice) about how materials are selected for use in
technological developments, students are empowered to be able to select
material(s) that ‘best’ offer the ability to be manipulated and/or transformed into

“fit for purpose’ technological products.

The conceptual knowledge that underpins the components of Technological
Knowledge; in particular the components technological products and technological
systems (Ministry of Education, 2007); has links with Gott’s (1988) device
knowledge. When students hold understandings of these concepts, they are able to
‘read’ devices and systems (artefacts) (Compton, Compton & Patterson, 2012), and
design, repair and interact with them as they exhibit within and across particular
contexts (McCormick, 2004). Understanding the concepts that underpin
technological modelling supports students to comprehend when ‘fit for purpose’
technological outcomes are designed and when they are not. Possessing these
understandings also supports students to defend (justify) the outcomes that they
produce (Compton & France, 2006a). In keeping with the aims of this thesis, to
identify if Compton and France’s (2006b) belief that students’ who understand
concepts underpinning the curriculum component technological modelling can
better justify the ‘fitness for purpose’ of their technological outcome(s), the
following section provides an in-depth look at the concepts that underpin

technological modelling.

2.4.4 Technological Modelling in the New Zealand Curriculum (Ministry of
Education, 2007)

Technological modelling

A ‘model’ is used to represent reality. In technology, modelling is used to represent
the physical and/or functional qualities of an outcome that is yet to be fully
realised. The use of technological models therefore enables technologists to ‘test’
an “outcome’s potential and probable impact in the world, as it moves from a
conceptual idea through to being fully realised and implemented in situ” (Compton,

2010 p.49). For this reason, technological modelling is considered a key concept
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underpinning technological development across all domains® of technology
(Compton & France, 2006b). While the specific knowledge base underpinning the
use of a technological model may be particular to a domain, the generic concepts of
technological modelling are considered to remain the same across domains
(Compton, 2010a; Compton & France, 2006a). Hence, technological modelling was
incorporated as a ‘key’ curriculum element of the Technological Knowledge strand
for technology in the NZC (Ministry of Education, 2007).

The application of concepts of technological modelling in the ‘act’ of modelling
assists students to develop an understanding of knowledge in technological practice
(Rowell, 2004). Such action provides evidence obtained from ‘testing’ that
validates or revokes mental conversations that have taken place. These
conversations include those which help to: define the problem being resolved,
determine the physical and functional features required in a fit for purpose
outcome, and the actions and their sequence required to develop such an outcome.
Possessing concepts of technological modelling also supports students to develop
understandings of the knowledge of technological practice which supports them to
justify the need to refine and/or undertake additional practice when developing
technological outcomes.

Technological models can be grouped into two categories: those that are used to
test a ‘design idea’ called functional models, and those which are used to test and
refine a ‘technological outcome’ called prototypes (Compton & France, 2006b).

Functional modelling is used to test and evaluate a design idea(s) so that a

justifiable decision can be made regarding its future ongoing development. Such
tests include determining the appropriateness of known specifications, suitability of
selected material and technique, and the likely socio-cultural acceptance and impact
should the idea be realised as a technological outcome. Using functional models
therefore, “enhance(s) risk mitigation by providing the means to minimise the
unknown or unintended consequences of possible technological outcomes before

they are realised” (Compton & France, 2006b, p.8). The medium used for

3% The term domains in this case has been used to distinguish between of specialist technological
areas such as: biotechnology, digital technology, process technology, control technology etc.
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functional modelling may include simply discussing a design idea with someone
who can provide critical feedback, conceptual drawings and/or written

explanations, and three dimensional solid and/or virtual (digital) mockups.

Prototypes are representations of a technological outcome that can be trialled in
situ in order to inform further development decisions (Ministry of Education,
2009). Prototyping allows the ‘fitness for purpose’ of a technological outcome to be
determined prior to it being further developed for market and/or accepted as the
final design solution (Compton & France, 2006b). To ensure that any further
development decisions made when prototyping are fully informed, a prototype
needs to exhibit the physical and functional qualities that are being proposed for the
final design solution. Media and techniques therefore used to produce prototypes
need to be those which are being considered for use in the final solution, or as

similar as possible to them.

The Indicators of Progression for technological modelling for technology in the
NZC (Compton and Compton, 2010b) that describe expected student levels of
achievement at curriculum levels 1-8 are presented in Appendix E: Indicators of
Progression for Technological Modelling. As outlined earlier, these indicators were
developed through classroom based research conducted by Compton and France
(2006b), and subsequently revised during 2008 and 2009 by Compton and
Compton (2010a).

Since the development of the New Zealand Curriculum (Ministry of Education,
2007), a research study has been completed that established a set of “...

2

overarching, unifying concepts that cut across domains ...” of engineering and
technology (Hacker, de Vries & Rossouw, 2009, p.6). This study, a Delphi Study
titled Concepts and Contexts in Engineering and Technology Education gained a
consensus of international ‘expert’ opinions, from technologists, technology
educators and philosophers of technology, on concepts (and context) they

considered ‘foundational’ to engineering and technology education.
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Concepts and Contexts in Engineering and Technology Education Project
[CCETE Project, 2009]

Concepts that the CCETE Project (2009) deemed foundational for engineering and
technology education curriculum included: design (as a verb), system, modelling,
social interaction and optimization. Other concepts identified as important were:
innovation, specifications, design (as a noun), sustainability, energy, materials,
resource, trade-offs, technology assessment and invention. Concepts recognised by
the experts as belonging to domains of engineering and technology but of lesser
importance were: function, technological trajectory, practical reasoning, tolerance,
intellectual property, complexity, algorithms, working principle, modularity, and
quality assurance. The CCETE Project (2009) concluded that some concepts
identified allow a higher level of abstraction and generality than others. This
abstraction was however not attempted by this study. It also acknowledged that
numerous connections existed between the concepts, which meant that the concepts
could potentially be further categorised into concepts and sub-concepts. This study
did not attempt to explore this categorisation due to limitations in the Delphi

research method®..

The experts however noted that not all concepts identified were specific to
engineering and technology and therefore some of these concepts were rejected as
not being ‘foundational’. Due to this occurring, some concepts identified in the
study may have been lost or categorised as being of lesser importance. For
example: while practical reasoning, which others have identified as a ‘key’ concept
underpinning normative dimensions of technology and engineering (de Vries &
Tamir, 1997; Compton & France, 2006b; Compton & Jones, 2004; Keirl, 2009),
was identified as belonging to the domains of engineering and technology, it also
featured in other disciplines such as science and social science, so was deemed to
not be foundational. Similarly, the relationship between practical reasoning and
constructs of student decision making, and how this may impact on normative

dimensions of technology and engineering was not considered. These non

3! The Delphi research method seeks to gain a consensus on experts’ opinions. This form of research
has both strengths and weaknesses. Its main strength is that a statistical means can be
employed to establish whether or not a consensus exists, therefore the study can be objective
(even though the choice for the criteria and criterion values are based on expert preference). A
weakness of this form of study is that it is totally reliant on opinions rather than facts (Hacker,
De Vries & Rossouw, 2009).
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identifications, being a less important concept in the CCETE Project (2009),
therefore brings into question whether relevant concepts may have been lost “not
because they were less important but because they were less specific for

engineering and technology” (Hacker, de Vries & Rossouw, 2009, p.47).

De Vries (2012) identifies that concepts underpinning technological knowledge are
often “context-bound and generalizable only to a limited extent” (de Vries, 2012,
p.44). While this difficulty to generalise concepts underpinning technological
knowledge may account for concepts being overlooked in the CCETE Project
(2009), in education however, understanding concepts that underpin technological
knowledge is important (de Vries, 2012). According to de Vries (2012), when
concepts are defined within curricula, this supports students to capture the essence
of technology, and locate context-bound concepts underpinning specialist

technological developments within a bigger framework of understanding.

While functional and practical reasoning, were not considered by the CCETE
Project (2009) to be foundational concepts for technology, technology in the NZC
(Ministry of Education, 2007) includes these forms of reasoning as key to
sophisticated conceptual understanding related to the technological modelling
component. This is due to the concepts underpinning functional and practical
reasoning not being context-bound, and the role they can play in informing decision
making and supporting students to justify the fitness for purpose of their evolving
design ideas and outcomes.

2.5 Decision Making and Reasoning

This section introduces decision making, the nature of decision problems, and
discusses how these connect with technology education. It also reviews the
literature on practical and functional reasoning to discuss the links between the
broader decision making process and more specifically, the process of reasoning

within the context of technology education.
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2.5.1 Decision making

Decision making is often referred to as a mental process that deliberates on
multiple options (or alternatives) to select one that best meets the goals of the
decision-maker (Hardy-Vallée, 2007; Milkman, Chugh & Bazerman, 2008). The
outcome of decision making manifests itself as a conscious action or “opinion of
choice” (Bohanec, 2009, p.24), that may in turn lead to a change in a decision
maker’s disposition towards a certain topic (Ferrand, 2007). While the deliberation
on alternatives may be “explicit and complex or implicit and rapid, ... without
consideration of alternatives, no decision making can be said to have taken place”
(Galotti, 2002, p.2). Considering alternatives within an informed decision making
process is therefore important for determining which alternative or decision to

follow.

Several activities (or stages) are involved in a decision making process. Bohanec
(2009) defines these as:

— identification of the decision problem

— collecting and verifying relevant information
— identifying decision alternative

— anticipating the consequence(s) of decisions
— making decision (p.24).

While a ‘key’ stage of any decision making process is making the decision, the
outcome(s) of this stage will be affected if the ‘decision problem’ is not well
understood in terms of; likely consequences due to a decision(s); what alternatives
and potential uncertainties exist; and what outcome(s) need to be achieved
(Bohanec, 2009). Collecting and verifying information relevant to the decision
problem, to enable alternatives to be identified and sufficiently interrogated so that
consequences are uncovered and understood, are therefore key stages in the

decision making process.

Decision problems can be classified into routine and non-routine. Routine
decisions are frequently repeated by decision makers, and therefore their
underpinning problem(s) is often well defined, with potential uncertainties
understood. Non-routine decisions however, due to their lack of regularity, often

possess unknown consequences for a decision maker and therefore “tend to be
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more difficult, particularly because of the lack of [a decision-maker’s] knowledge
and experience in taking such decisions” (Bohanec, 2009, p.25). According to
Bohanec (2009), the goal for non-routine decisions, which by their very nature tend
to be one-time decisions, should be focused on finding and implementing the ‘best’
alternative. However with decisions that are routine or recurring within a decision
makers practice, while it is still important to find the ‘best’ alternative, a focus
needs to also be placed on “finding the most effective method or procedure for
choosing alternatives” (Bohanec, 2009, p.26). Identifying if student decisions in
technology education are routine and therefore recurring, or non-routine and
therefore a one-time decision, may have implications on how the outcomes of
student decision making is viewed. For example, when selecting a material and/or
technique to use in a specific application within a product is a ‘non-routine’
decision, the focus will likely be placed on finding the ‘best’ material and/or
technique to achieve the functional and aesthetic qualities desired of the product.
However, making decisions about the nature of the technological practice required
to achieve an outcome that is ‘fit for purpose’ is more likely to be a ‘routine’
decision for students. This is due to their prior experiences in technology and their
decision making on the ‘best’ technological practice approach to follow, when
setting out to develop a technological outcome, being informed by a decision(s)
they have previously found useful. Equally they can use their understandings about
the practice(s) that other students or practicing technologists have found to be
useful to inform their decision making. Routine decisions of this nature therefore
tend to follow a pattern or process that is known to the decision maker (Klein,
2008). Due to the uniqueness of non-routine decisions, such patterns or processes
are not apparent to decision makers. Where patterns are followed the decision
maker may intuitively adopt an alternative based on tacit (implicit) knowledge,

rather than following a more analytical process of determination.

Klein (2008) describes decision making as following a “blend of intuition and
analysis” (p.458) or as occurring when System 1 (intuitive) and System 2
(analytical) cognitive functioning frameworks (Stanovich & West, 2000) are
combined. Decisions based on intuition, according to Klein (2008) are formed by
aligning the problem situation to patterns (or alternatives) already learnt, while

analysis requires a deliberate comparison of alternatives, and mental simulations, to
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determine how these may enact on the outcome(s) itself or the process undertaken
to develop it. In technology it is important that students are encouraged to make
intuitive decisions, especially when a decision problem has a similar pattern to
those they have previously experienced. For example: when scoping an initial ‘plan
of action’ to address an issue a student may, through past experience, instinctively
decide the key stages required to be undertaken and their likely timeframes.
However, when determining the ‘optimum’ material and/or technique to use in a
product, then a more analytically informed decision making process may be
required. Encouraging students to substantiate their intuitive decision making with
more analytical approaches, particularly when confronted with non-routine
decisions, may support them to justify why their outcome(s) are ‘fit for purpose’,
and ensure that any intuitive personal bias, due to familiarity, are negated
(Milkman, Chugh & Bazerman, 2008). Equally, adopting an analytical approach to
routine decisions may mean that a focus is placed on ensuring that the most
efficient technological practice is adopted for a specified context, and not just a
decision made to follow a practice due to it being successful when followed in the
past. Where decision problems contain multiple variables, decision making will
often require an analytical process to be followed, whether for a routine or non

routine decision, to ensure that the most ‘fit for purpose’ alternative is selected.

The number of criteria (variables) bound into a decision problem that need to be
considered may also influence the outcome(s) of decision making. Whether a single
variable requires consideration or multiple variables are considered can influence
the nature of the decision making undertaken to determine the ‘best’ alternative
(Bohanec, 2009). In technology, consideration of a single-variable most often
requires a yes/no decision to be made. In contrast, decision making with multi-
variables requires a prioritisation of potential alternatives to ensure an outcome(s)
evolves that is ‘fit for purpose’. For example: when considering the ‘most’ suitable
material to use in a product, consideration of factors such as a material’s
availability; sustainability; functional and aesthetic qualities; and cost may all need
to be considered. These factors need to be measured in relation to the physical and
functional qualities required of a product that is considered ‘fit’ for its intended

purpose. This measurement will often require relationships between factors to be
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explored and prioritised in order to decide the ‘most’ suitable material (alternative)

to use in the product.

While decision-making is the process of determining what to do or selecting an
alternative (Beyth-Marom, Fischhoff, Jacobs-Quadrel, & Furby, 1991), it is
reasoning that enables considered alternatives to be assessed in terms of their
probable success (Fischhoff, Crowell, & Kipke, 1999).

2.5.2 Reasoning

Reasoning’ is a process that allows humans to change (or not change) their views
and conclude a proposition that is reflective of their present-day understandings
(Harman, 2009). As such, reasoning allows beliefs and desires to be integrated into
intentions or actions (Carruthers, 2003). Reasoning is an important aspect of
rational thought, in that it leads people to a place where a ‘reasonable’ belief can be
perceived (Pollock, 1998) and a decision made. These beliefs however, may not

always remain infallible as their ‘truth’ may not always be guaranteed.

In technology in the NZC (Ministry of Education, 2007) two forms of reasoning,
functional and practical reasoning, have been highlighted to underpin rational
decision making when students undertake technological practice, and critique the
practices and outcomes of others (Compton, 2010a). Students are supported to
develop conceptual understandings about the importance of these two forms of
reasoning by the curriculum component technological modelling (Ministry of
Education, 2007). As detailed earlier (p.51) this component of Technological
Knowledge is focused on developing student’s appreciation of how evidence can be
gathered that justifies decisions about the potential of a design idea, and/or the
‘fitness for purpose’ of a prototype, through using technological modelling within
technological practice (Compton, 2010b; Compton & Compton 2012).

Functional reasoning

Use of functional reasoning within technology enables the technical feasibility of
design ideas and outcomes to be explored (Compton, 2010a). As a consequence
both the practice of 'how to make things happen' and an understanding of 'how it

happens' can be captured in a physical description. In design engineering, and
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therefore it is proposed in this thesis, physical descriptions can be used to describe
the function of a design concept and its potential to be a solution that is ‘fit for
purpose’. Such a physical description exposes the ‘intended function’ of the design
problem that a solution needs to address (Chakrabarti & Bligh, 2001). According to
Chakrabarti and Bligh (2001), knowledge of intended functions should guide and
shape any design activity (including technological practice) focused on identifying

a physical description of a potential solution.

To enable knowledge of intended function to be communicated within design
activity and decisions to be made, technologists need to adopt a common language
that allows both the design problem(s) and solution(s) to be described, compared
and modified. Chakrabarti and Bligh (2001) propose that functional reasoning [FR]
approaches provide this common language, through offering a ‘functional

description” of both the problem and its solution.

FR is used to explore conceptual design ideas in order to determine their
‘functional’ potential. Use of FR allows the ‘behaviour’ and ‘purpose’ of a design
idea to be determined and described, prior to its realisation or manufacture into a
solution (artefact). Far and Elamy (2005) explain FR as enabling “people to derive
and explain (the) function of artefacts in a goal-orientated manner” (p.75), through
the application of a range of connected theories and techniques. These theories and
techniques include those used in ‘design’ to provide a ‘representation format’ that
describes the functions desired in an artefact (functional representation), and
explain how such functions contribute to the overall performance of an artefact
should it be realised (Far & Elamy, 2005). When describing ‘functional
representations’ Chakrabarti and Bligh (2001) identify two types of depictions:
natural-language-like representation and/or mathematical representation of

function.

Natural-language-like representation: use ‘verbs’ to describe what an artefact (or

its component parts) does or should do. For example, a functional description of a
gear train (artefact or component part) is to increase the output speed (function).
Whilst this form of representation allows designers to communicate ideas verbally
or in written text, it often lacks the degree of precision required to accurately define

the verb (increase) (i.e. for this example, what is the increase in the output speed?)
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Mathematical representation of function: express the transformation between an

‘input’ and an ‘output’. As this form of functional representation can be formalised
and expressed using numerical figures and/or formula, it is more suited to a
computational environment that requires precise and unambiguous information to

be communicated.

When developing artefacts to resolve a problem, both of these ‘functional
representation’ depictions are often employed during FR to ensure sufficient
information is available and allow successful decision making (Chakrabarti &
Bligh, 2001). For example, using the gear train example introduced above, the

transformation between input and output can be represented in two different forms:

Natural language gear train increases input speed revolutions per minute (rpm) so that the
representation output rpm is faster than the input rpm
Mathematical Artefact characteristics Input Characteristics ~ Output characteristics
representation
gear train 100 tooth gear 20 tooth gear rotates
rotating at 30 rpm at 150 rpm

or Output gear/Input gear x input speed =y (output speed)
(100/20 x 30 = 150 rpm)

There have been a number of approaches to FR that have been historically defined.
Those which focus on engineering (and technology) typically focus on analysing
the function-behaviour-structure (or state) of artefacts (Chakrabarti & Bligh, 2001;
Far & Elamy, 2005). This approach to FR explains the overall “function of an
artefact in terms of the structure or behaviour of its components and their
functions” (Far & Elamy, 2005, p.79). Ideally any approach to FR should support
decision making and the selection of alternatives that range from the ‘conventional’
to ‘innovative’, and allow such alternatives to be described as solutions with the
potential (or not) to be ‘fit for purpose’. According to Far and Elamy (2005),
traditional FR approaches applied in engineering (and technology) can be grouped

into three types:

Planning and design approach: allows engineers (and technologists) to determine

how to ‘make things work’ by screening design ideas/concepts against their
knowledge of the functional needs of the design problem and its solution, and

evaluating the potential of a design idea/concept against these needs. This approach
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to FR centres on the ongoing composition, decomposition and verification of ‘plans
of action’*? and ‘design ideas/concepts’ within a finite set of constraints. These
constraints can be defined by the technologists evolving understandings about the
functional needs of a solution, as well as any limitations established by the design
problem itself (for example: the resources available to realise a solution, including
component parts that can be accessed and used and/or time constraints). A FR
planning and design approach enables the functionality of components that offer
potential to contribute to a fully realised solution to be abstractly and practically
explored, through functional modelling and prototyping. Exploration to gain
understanding of the functional offerings of individual components, and uncovering
how their performance may change due to component interactions should they be
combined within a fully realised solution, is an essential part of a planning and
design approach to FR.

Conceptualisation approach: in this approach engineers (technologists) explore

how to ‘make things work’ by defining a hierarchical classification scheme that
categorises conceptual ideas (including component parts) according to their
potential to contribute to the overall functionality required in a solution to a design
problem. The success of this approach to FR is dependent upon a technologist’s
ability to objectively describe the intended functions required of a solution and its
design problem, and then break these down into categories that have a hierarchical
order in terms of their overall importance to the realisation of a solution. To allow
this hierarchical categorisation to occur, functional primitives that describe the
required behaviours, including appearances, of identified functions need to first be
defined. An example of a conceptualisation approach to FR is where a design
problem such as a hand tool for a bicycle (a solution or technological outcome)
requires functional attributes such as: able to undo/do-up nuts and bolts on a
bicycle; be lightweight, compact, adjustable and ergonomic; be easily identifiable.
Category labels that could be used to classify and later determine the potential of a
concept for and/or a component part to contribute to the overall functionality

required in the hand tool include: materials; adjustability; ergonomics; torque;

32¢ Plans of action’ is a collective term used to capture the planning undertaken that supports the
generation of design ideas and concepts of potential solutions to a design problem , as well as
the planning that is required in order to develop such ideas and concepts into a realised solution
to the problem.
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colour. How these categories are prioritised in terms of their importance to
resolving the problem, and functional primitives established for each category, is
dependent upon the overall functional needs of the solution and the design problem
itself. For example if the size and type of nuts and bolts found on bicycles is
Hexagonal M6, M8 and M10 then the functional primitive for the category:
‘adjustability to fit different types and sizes of nuts and bolts” will be: adjustable to
fit hexagonal M6, M8 and M10 nut and bolt heads.

Explanation-based approach: uses FR to explain ‘how things work’ in terms of
the functionality of existing or yet to be realised artefacts and/or their components.
This approach to FR is often employed when diagnosing faults in devices or
determining failure modes (i.e. under what circumstances/environment is the device
likely to fail) and/or explaining how ‘high-tech’ devices (i.e. electronic circuits)
function. Engineers (and technologists) who use this form of FR rely on their
ability to transfer abstract relationships and understandings, often learnt within a
specific case or context, into the new context that requires explanation. An
explanation-based approach to FR is closely associated with explanation-base
learning techniques (Ellman, 1989 — cited in Far & Elamy, 2005) in that it
deductively draws on prior understandings and reasoning to arrive at conclusions
that explain the current (or likely) situation/outcome. Pazzani (1991) explains this
approach to reasoning using the following example: if you already know that A
results in B when P is true; and B will result in C when P2 is true, then it can be
reasoned that A results in C when P, and P2 are true (p.167).

These three FR approaches identified by Far and Elamy (2005) are presented to
support informed decision making and the selection of ‘best’ alternative(s) as
physical descriptions of a potential solution. In technology education, FR
approaches may allow students to make informed decisions about alternatives as
they explore concept ideas and designs, and evolve them into realised solutions to
authentic (or theoretical) problems using technological modelling (functional
modelling and prototyping) practices. The use of such practices may also assist
students to argue the potential of alternatives, including those which are discarded,
against held beliefs and/or understandings about physical descriptions through

using technological modelling to determine their technical feasibility.
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Ullman (1992) points out a focus on technical feasibility alone is inadequate, and
highlights the importance of deliberating on social considerations such as ‘form
features’ and ‘life cycle’ when testing physical descriptions for their potential

contribution to a solution(s) for an intended function.

Practical reasoning

Practical reasoning [PR] within technology is focused on addressing social
considerations such as moral, cultural and ethical viewpoints surrounding a design
idea, and the testing of outcomes (Compton & France, 2006b; Compton, 2010a).
This form of reasoning uses normative understandings to regulate action (Railton,
1999). Any actions (or intentions) resulting out of practical reasoning are therefore
dependent upon a person’s concept of ‘reasonableness’ or what is ‘appropriate’ (or
inappropriate). As a consequence, when normative beliefs are considered by

practical reasoning there is no ‘right’ or ‘wrong’ conclusion (Hitchcock, 2002).

Avristotle is credited with first articulating a model for PR (Broome, 2001;
Hitchcock, 2002). His model of reasoning centred on defining ‘what ought to be
done’ and concluded with a decision to perform an ‘act’ to accomplish it.
Aristotle’s model of PR therefore required “a desire for some end [point] to initiate
it” (Hitchcock, 2002, p.249). More recently philosophers such as Bratman (1991),
Broome (2001) and Pollock (1995) have questioned Aristotle’s model of PR,
suggesting that this form of reasoning need not always conclude with an ‘act’.
Rather, due to reasoning being a “mental process or mental event” (Broome, 2001,
p.1) it is more likely to conclude in an ‘intention’. They argue that while a resulting
intention from PR may be an act being performed, the actual act itself is not a part
of the reasoning process. This view of PR explains that even if the process of
reasoning draws a conclusion which does not immediately lead to (or ever lead to)
an action, this non-action is not the fault of the reasoning process, but rather a

failure to act on what was reasoned (Streumer, 2007).

Therefore, when normative beliefs are deliberated over and the outcome of this
deliberation leads to an intention, then according to Broome (2001) PR has taken
place. Broome (2001) describes such normative practical reasoning as being

“reasoning that has a normative belief ineliminably amongst its premise-states, and
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concludes with an intention” (Broome, 2001, p.4). This concluding intention, which
may simply result in a change in belief with no intended consequence, therefore
distinguishes practical reasoning from simply being a theoretical reasoning

paradigm (Broome, 2001; Streumer, 2007).

When technologists use normative practical reasoning, in the act of developing
outcomes that are ‘fit for purpose’, it provides them with a framework from which
to consider opinions, and the potential impact on, immediate and wider community
stakeholders to the outcome under development. When such considerations are
deliberated upon through normative practical reasoning technologists are able to
determine and implement a “...rational structure to justify ‘what ought to happen’

...” and determine “.... if it ‘should happen’...” (Compton & France, 2006b, p.8).

2.5.3 Decision making and reasoning in Technology Education

According to Fisher (2008) and Ullman (1992) the determination and realisation of
the functional needs of a design solution needs to not only address the technical
aspects of the solution, but also ensure its social acceptance. A ‘physical
description’ of both the design problem and its solution therefore should not only
consider the technical feasibility of a yet to be realised design solution, but also
recognise and address socio-technical considerations that underpin a solutions
development. To support informed decision making towards a design solution
(technological outcome) in technology education, and ensure that both the technical
feasibility and appropriateness of a developing design solution are considered, both
functional and practical reasoning should be apparent when students undertake
technological practice (Compton, 2010a; Compton & France, 2006b). Justifications
for the outcomes of such decisions are supported when both of these reasoning
types are used to determine, using data obtained from functional modelling and
prototyping, alternatives (design ideas and conceptual designs) that offer potential
contribution to a realised technological outcome. In technology education, how
students utilise practical and functional reasoning and therefore make decisions on
prioritising alternatives, impacts on the nature of the technological practice they
undertake and the potential ‘fitness for purpose’ of resulting technological

outcomes.
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2.6 Summary of the Emergent Themes and Issues

Identified from the Literature

This literature review comprised five sections. The first section provided an
overview of technology in the New Zealand curriculum. It introduced the NZCF
(Ministry of Education, 1993a) and technology curriculum, 7iNZC (Ministry of
Education, 1995), and discussed the NZCMP (Ministry of Education, 2005) project
that reviewed both of these documents. An outcome of the NZCMP (Ministry of
Education, 2005) project was the re-conception of the NZCF (Ministry of
Education, 1993a) into a new NZC (Ministry of Education, 2007). This new
curriculum no longer prescribed ‘content’ to be taught, but rather within integrated
Learning Area statements, placed an emphasis on ‘substance’ (knowing) and
‘processes’ (doing). To support teachers to enact the NZC (Ministry of Education,
2007), Learning Area statements, succinctly stated learning intentions, described
the structure for learning aligned to the Learning Area and prescribed a set of
achievement objectives. The Learning Area statement for technology in the NZC
(Ministry of Education, 2007), introduced three newly defined strands along with
their eight components. This change in strands and components was to address
limitations found during the implementation of the TINZC (Ministry of Education,
1995). These limitations included student technological literacy holding to a
‘functional’ orientation when student knowledge and skill development were solely
immersed within technological practice (Compton & Harwood, 2008). The new
strands and components, and defining of a broad range of related technology areas
were introduced in an endeavour to develop student technological literacy that is

‘broad, deep and critical” in nature (Compton, 2007; Compton & France, 2007a).

The second and third sections of this chapter reviewed literature on two strands of
technology in the NZC (Ministry of Education, 2007). These strands, Technological

Practice and Technological Knowledge are a focus of this thesis.

Section Two reviewed the origins of technological practice, discussing Pacey’s
(1983) conceptualisation of how technological practice brings cultural,
organisational and technical aspects together to create artefacts that address

problems which often have competing criteria. The extent to which a designer’s
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intentions shape the outcomes (i.e. products and/or systems) of technological
practice (Feng and Feenberg, 2008) was also discussed as was practising
technologists’ tendency to partition their practice into stages when developing these
outcomes (Garbacz, 2009; Best, 2006). This section reviewed how technological
practice embeds within technology education, exploring pedagogical approaches
traditionally adopted by teachers to ‘teach’ technological practice to their students
and the limitations of these approaches (Williams, 2000). It highlighted the
importance of teachers providing supportive frameworks that enable students to
enact their technological practice in response to the specific outcome(s) being
developed (de Vries, 1996; Williams, 2000), and concluded by introducing the
Indicators of Progression for the Technological Practice strand of technology in the
NZC (Ministry of Education, 2007). These Indicators, developed through classroom
based research by Compton and Harwood (2010b, 2005, 2004b), describe expected
student achievement and teacher pedagogical practices in increasing levels of
sophistication from curriculum levels 1-8 for the Technological Practice strand

components for technology in the NZC (Ministry of Education, 2007).

Section Three reviewed the origins of technological knowledge, providing insight
into the debate that exists amongst technology educators as to its existence (Baird,
2002; Custer, 1995; Ihde, 1997; Johnson, 1997; Layton, 1987; McCormick, 2004;
McGinn, 1990; Ropohl, 1997) and the ability to define its curricular elements (de
Vries & Tamir, 1997; Herschbach, 1995; McCormick, 2004; Rowell, 2004). The
Section introduced categories for knowledge proposed by philosophers and
technology educators which included those presented by de Vries (2003a, 2003b),
McCormick (1997), Ropohl’s (1997), Rowell (2004) and Vincenti’s (1990). These
were reviewed as they informed the identification of the Technological Knowledge
strand components for technology in the NZC (Ministry of Education, 2007).
Section Three also reviewed concepts included in the Technological Knowledge
component: technological modelling (Ministry of Education, 2007). These concepts
include an understanding of how different forms of technological modelling enable
technologists to ‘test’ the potential of a design as it evolves from a conceptual idea
through to an implemented technological outcome (Compton & Compton, 2012).
The forms of technological modelling include functional modelling and
prototyping. This Section also introduced the Indicators of Progression for the
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technological modelling component of technology in the NZC (Ministry of
Education, 2007). These Indicators, developed from classroom based research
undertaken by Compton and France (2006b) and Compton and Compton (2010b),
describe expected student achievement and teacher pedagogical practices in
increasing levels of sophistication from curriculum levels 1-8 for the technological
modelling component for technology in the NZC (Ministry of Education, 2007).
This section concluded by reviewing the Delphi research study titled Concepts and
Contexts in Engineering and Technology Education [CCETE Project, 2009] that
was conducted by a consensus of international expert technologists, technology
educators and philosophers of technology to identify overarching, unifying
concepts that are considered ‘foundational’ to enginecering and technology
education (Hacker, de Vries & Rossouw, 2009). It discussed the importance of
clarifying overarching concepts for technology education (de Vries, 2012) and why
the concepts of practical and functional reasoning were included in technology in
the NZC (Ministry of Education, 2007).

Section Four of this chapter discussed decision making, the nature of decision
problems and how these connect with technology education. It reviewed the
literature surrounding the decision making process (Beyth-Marom, Fischhoff,
Jacobs-Quadrel, & Furby, 1991; Bohanec, 2009; Hardy-Vallée, 2007; Milkman,
Chugh & Bazerman, 2008; Stanovich & West, 2000), and how this breaks down
into several activities or key stages to enable decision problems to be interrogated,
alternatives considered, and decisions made (Bohanec, 2009). The means of
classifying decision problems (Bohanec, 2009; Klein, 2008; Milkman, Chugh &
Bazerman, 2008) was also discussed along with how reasoning is used to assess the
probable success of considered alternatives (Carruthers, 2003; Harman, 2009;
Pollock, 1998). This section concluded with a review of the two forms of
reasoning, functional and practical reasoning, which are highlighted in the
technological modelling component of technology in the NZC (Ministry of
Education, 2007), and an examination of how these support consideration of both
the technical aspects and social acceptance of a design solution, when the needs of

a technological outcome are explored (Fisher, 2008; Ullman, 1992).
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The research presented in this thesis sought to determine the influence of the
component technological modelling on students’ ability to make informed
decisions when undertaking technological practice. To ascertain this influence,
student achievement in the components of Technological Practice (brief
development, planning for practice, and outcome development and evaluation) and
their concepts in technological modelling were explored, along with the decision
making type(s) and forms of reasoning they drew on when engaged in
technological practice. While the literature presented in this chapter showed that
technology in the NZC (Ministry of Education, 2007) has embraced students
developing conceptual understandings about technological modelling, and practical
and functional reasoning, there has been no specific research undertaken to date
that identifies the influence that these understandings have on their decision making
when developing technological outcomes. The literature reviewed in this chapter
suggests that when student conceptual knowledge of technology is enhanced, this
contributes to students developing technological outcomes that are fit for purpose
in their broadest sense, and a technological literacy that is ‘broad, deep and critical’
in nature (Compton, 2010a; Compton and France, 2007a; Compton and France,
2007b). This research sets out to verify if this suggestion in the literature can be
confirmed and how this might be linked to student decision making. Exploration of
students’ understandings about the components of Technological Practice, concepts
of technological modelling, and the nature of their decision making and reasoning
thus form the research questions for this thesis as detailed in Chapter One
Section 1.4.
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METHODOLOGY AND RESEARCH METHODS

3.1 Overview of the Chapter

This chapter describes the methodology employed for this research. The chapter
begins with a general discussion about educational research, and a description of
educational research methods and methodological approaches. This is followed by
an outline of methods used to collect data in educational settings. Section 3.3
describes and justifies the research design adopted for this research, the research
tools used to gather student data and measures taken to ensure their trustworthiness.
It also discusses the category labels used to analyse student data for the
components: brief development, planning for practice, outcome development and
evaluation and technological modelling; and for decision making and reasoning.
An overview of the research participants and their schools is provided in Section
3.4. Section 3.5 explains how the research was conducted, along with a description
of the measures taken to enhance the validity and reliability of the data gathered,
and how relevant ethical considerations were addressed. Section 3.6 presents a

summary of this chapter.

3.2 Educational Research
3.2.1 Methodological approaches

Research in its broadest sense may take on a variety of meanings and be employed
across a range of contexts. Mouly (1978) states that “research is best conceived as
the process of arriving at dependable solutions to problems through the planned and
systematic collection, analysis, and interpretation of data” (p.12). Research
conducted within the domain of education (educational research), is primarily
focused on the identification and clarification of issues and concepts concerned
with teaching and learning within formal educational settings. As such, educational

research predominantly centres on activities and undertakings aimed at developing
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understandings of people and their actions within their social setting. It is
concerned with identifying and understanding learning behaviours from both
normative and/or interpretive perspectives (Cohen, Manion & Morrison, 2002).
Educational research is therefore conducted in a systematic and scholarly manner,
and is grounded within a research methodology.

Research methodology describes the process(es) that guides research rather than
just the products of the research itself (Cohen, Manion & Morrison, 2002).
Explicitly stating the methodology applied to research is important in defining the
way a researcher goes about proving what they believe they know and/or
identifying what they come to understand (Guba & Lincoln, 1989). By its very
nature, research methodology is bound within a paradigm, or set of common beliefs
and shared agreements. Davidson and Tolich (1999) describe these beliefs and
shared agreements as “philosophical assumptions about what the world is made of
and how it works” (p.26), which are bound within one’s perception of reality
(ontology) and its relationship to knowledge (epistemology). Two major research
paradigms have traditionally been identified in Western scientific research -
positivist and interpretivist. Over the years, these two paradigms have largely been
perceived as polar. For example, in certain disciplines interpretivists are labeled as
being antipositivists (Galliers, 1991) and vice versa. In more recent years, critical
social science has emerged as a third paradigm. Critical social science is often seen
as being quasi-interpretive due to researchers operating within this paradigm also

sharing an interpretive viewpoint of the world.

Ontology and Epistemology of a Positivist Paradigm

Positivists believe that human behaviour is fundamentally governed by a set of
universal laws based on their knowledge of known facts, establishing scientific
truths and observable objective phenomena (Horton & Hanes, 1993). Within a
positivist paradigm, objective reality is considered to exist beyond the human mind
(Weber, 2004) and therefore independent of anyone’s attitudes, perceptions or
feelings. Positivist researchers therefore see reality as external in form, and
objective or independent of their own perception or mental state. To achieve this
they set out to maintain a separation between themselves and those that they

observe. Their research is based on a grounded hypothesis concerned with
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establishing the cause and effect on an empirical phenomenon through fragmenting
and compartmentalising it until it is understood, predictable and controllable
(Horton & Hanes, 1993; Cohen, Manion & Morrison, 2002). Within positivist
research, subjectivity is therefore completely mitigated; with knowledge being
derived solely from proof or deduction. Deduction in this case begins with a
universal truth or a “connected view of a situation” (Dewey, 1910, p.82) and works
backwards to isolate details of the empirical phenomena through tests, refutations,
modifications and/or confirmations, with the intent of interpreting “isolated details
into a unified experience” (loc. cit.) so that generalised concepts and theories can

be derived.

Positivist paradigms are often associated with scientific inquiry, particularly in the
natural and physical sciences where empirical phenomena concerning physical
matter, biological entities and/or chemical elements afford repeatability and
isolation when subjected to investigation. The nature of the phenomena, which
characterise the physical and natural sciences, is attributable to the success of
positivism in these sciences, rather than the ontological and epistemological
underpinnings of a positivist paradigm itself. When an empirical phenomena that is
socially focused attempts to uncover human behaviour, a positivist paradigm is
usually less successful. This is due to a positivist paradigm not valuing processes
such as intuition and insight (Cohen, Manion & Morrison, 2002), disregarding tacit
knowledge, and not taking into account the value system and beliefs of the
researcher. Moral, ethical, political, and economic implications are therefore often

not taken into account, when a positivist paradigm is employed in human inquiry.

Ontology and Epistemology of a Interpretive Paradigm

An interpretive paradigm is characterised by its concern for the individual. It
focuses on gaining an understanding of the “subjective world of human experience”
(Cohen, Manion & Morrison, 2002, p.22) from within. To achieve this, an
interpretive paradigm recognises ‘reality’ as intrinsically linked to an observer’s
(researcher’s) feelings and mental state, and therefore determined by their
experiences, culture and other sociological factors that shape them. The ontology of
an interpretivist paradigm therefore, is based on a belief that the researcher and
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reality are inseparable (Weber, 2004). This view of reality is therefore in direct

contrast to that held by those who work within a positivist paradigm.

Knowledge in an interpretivist paradigm is considered to be socially constructed,
and based on a subjective interpretation of everyday concepts and meanings
(Sanghera, 2005b). As a result, interpretive researchers uphold that knowledge is
“intentionally constituted through a person’s [researcher’s] lived experiences”
(Weber, 2004, p.iv). According to Lincoln and Guba (1990) the challenge for
interpretive researchers’ is to maintain objectivity and ensure that the research
remains trustworthy. This has led to many positivists questioning the scientific
essence of interpretivism. They claim that if the aim of scientific research is to
advance knowledge, and hence derive generalised and objective knowledge, then
general theories cannot be developed and consequently validated based on
subjective interpretations. This concern however can be mitigated when interpretive
researchers use a two-leveled process of interpretation - understanding and
interpretation and ‘bracket’ their personal value theories to ensure that they do not
introduce their own subjective practices into the research site (Berg, 2004; Cohen,
Manion & Morrison, 2002).

In the first level process of interpretation, interpretive researchers seek to
understand, through data collection, the empirical phenomena and to make sense of
the world that the subject(s) under study lives in. Subjective interpretations made
during this process are used to determine the belief systems and interpretations held
by the subject(s), and to establish the objectified parameters for continued study.
The second level process focuses on the interpretation of analysed data in order to
identify patterns of human activity and action, and to determine theoretical
explanations grounded in the research site (Berg, 2004). Shutz (1954) suggests that
“scientific constructs formed on the second level, in accordance with the procedural
rules valid for all empirical sciences, are objective ideal typical constructs and, as
such, of a different kind from those developed on the first level of common-sense
thinking which they have to supersede” (p.270). According to Shultz (1954)
therefore, interpretations made during the second level process are a part of the
scientific knowledge being investigated, and therefore can be scientifically

validated through scientific induction. Scientific induction in this case is referring
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to the method by which all processes are observed and data regulated to formulate
explanatory ideas and theories (Dewey, 1933). As a part of this regulation,
empirical data which is often fragmented and incoherent can be realised to describe
coherent ideas or emergent theory by the gradual insertion of universal facts and
their properties. Due to the nature of this process, multiple realities can often
present themselves to researchers in an interpretive paradigm. In such cases it is a
researcher’s responsibility to emerge theories from these realities that explain the
“purposes of those people who are their source” (Cohen, Manion & Morrison,

2002, p.23) through ascertaining and debating their truthfulness or fact.

Ontology and Epistemology of a Critical Social Science Paradigm

A critical social science paradigm is characterised by a belief that research should
be conducted to “critique and transform social relations” (Neuman, 1997, p.74).
Critical social science researchers therefore are often dissatisfied with the way
things are, and undertake research in order to make dramatic improvements through
uncovering myths and hidden ‘truths’ that exist within a situation (empirical
phenomena) that is not overtly obvious (Cohen, Manion & Morrison, 2002;
Neuman, 1997). Researchers within a critical social science paradigm understand
that knowledge often possesses multiple realities within social, cultural, political
and historical situations (Belbase, 2007). Consequently, to gain an understanding of
knowledge, researchers need to reveal the underpinning constructs of the social
relationship within the empirical phenomena. The epistemological stance of critical
social science therefore, identifies knowledge as a form of self-reflection that
requires both an understanding and a theoretical explanation in order to reduce or
overcome entrapment in systems of domination or dependence. When an empirical
phenomenon is understood and theoretically explained, critical social science
researchers are then able to establish emancipative knowledge that is not bound to
restrictions and oppression (Cohen, Manion & Morrison, 2002; Neuman, 1997). To
gain understandings of the social relationship within empirical phenomenon,
researchers who adopt a critical social science paradigm often need to ask the
embarrassing questions which expose inequalities and hypocrisies within social
settings (Cohen, Manion & Morrison, 2002).

page 75



Chapter 3
Methodology and Research Methods

The ontology adopted by critical social science shares much in common with an
interpretivist paradigm, that is, “social reality is socially constructed” (Sanghera,
2005c, p.1) within a real world and therefore can only be understood within the
limitations of its own constructs. What critical social science, however, also
upholds is that this reality should be examined and empirically tested before
suggesting change (Cohen, Manion & Morrison, 2002). Researchers who adopt a
critical social science paradigm, cannot undertake objective observation due to the
preconceived assumptions and interests that they bring to the research site, and
their desire to initiate change. Such a desire for change means that researchers who
work within a critical social science paradigm are often criticised for their
involvement due to a perception that they influence the research process. Ensuring
trustworthiness of research findings needs to therefore be an integral part of critical
social science researcher practice as they gather and interact with data, and draw

conclusions from it.

Guba (1979) points out that research paradigms are embodied by assumptions and
therefore in selecting which paradigm to apply to a research site the researcher needs
to answer the following question: “which set of assumptions is best met by the
phenomena to be investigated” (p.4). In a similar vein Cohen, Manion and Morrison
(2002) point out that some research paradigms are better suited to research purposes
and questions than others. Therefore selection of a research paradigm needs to be
done on the basis of a ‘best fit’ between the empirical phenomenon under
examination and the questions that seek explanation. Likewise, the research methods
or instruments that are used to gather data, and the guidelines by which data are
interpreted and explained also need to be fit for their intended purpose (Cohen,
Manion & Morrison, 2002).

3.2.2 Research methods

Research methods are traditionally grouped into two distinct categories. These cover
a wide range of approaches that are used to access data focused on the empirical
phenomenon under investigation. The two categories are labelled quantitative and

qualitative methods.
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Quantitative research methods collect data in the form of numbers, to test theories or
hypotheses that comprise variables about social or human problems (Creswell, 1994;
Neuman, 1997). In quantitative research, data are analysed using statistical
procedures in order to “determine whether predictive generalisations of the theory
hold true” (Creswell, 1994, p.2). As such, quantitative methods are traditionally
aligned to positivist research methodology and therefore uphold to an ontology
where “reality is objective and singular” and “apart from the researcher” (Creswell,
1994, p.5). As a result, quantitative researchers can adopt an independent, valueless
distance from the research site with their only influence being to “attempt to control
for bias, select a systematic sample and be objective in assessing a situation”
(Creswell, 1994, p.6). Many problems studied using gquantitative research methods
have previously either been selected for study, or have had component parts
previously scrutinised. As a consequence of this, there is often a body of existing
literature which can assist in determining variables and/or establishing hypotheses
for examination of new quantitative study. Data collection methods most commonly
used for quantitative research include experiments and surveys that comprise closed

questions, which often demand a multiple-choice or rating scale response.

Qualitative research attempts to understand social or human problems within their
natural setting, by building a ‘holistic picture’ that can be expressed by words which
often incorporate research participant views (Creswell, 1994). In qualitative
research, data are analysed using inductive logic to identify category labels that
allow patterns or theories to be derived to explain empirical phenomena (Creswell,
1994; Neuman, 1997; Cohen, Manion & Morrison, 2002). Qualitative methods are
traditionally aligned to interpretative research methodology and therefore uphold an
ontology where “reality is subjective and multiple and seen by participants in the
study” (Creswell, 1994, p.5). Qualitative researchers therefore, assume that the only
reality that exists is that which is constructed within the research site. As a result
they adopt an interactive, collaborative bond with research participants to minimise
the distance between themselves and those being researched (Creswell, 1994). A
consideration for qualitative researchers is the need to “acknowledge the value-laden
nature” of their study, and accurately report their “values and biases, as well as the

value nature of the information gathered” (Creswell, 1994, p.6).
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Unlike quantitative research, most problems studied using qualitative research
methods are usually exploratory studies, containing unknown variables that have
little to no existing literature or theory base to draw on (Creswell, 1994). Data
collection methods most commonly used for qualitative research include surveys
that comprise open-ended questions that demand a written and/or pictorial response;

observation and interviews (Neuman, 1997).

Where combinations of quantitative and qualitative methods are used within the
same research, this is called a mixed methods approach to research. A mixed
methods approach to a single research study can allow:
- data to be triangulated to determine if there is a convergence of results
- an overlapping or difference in the phenomenon under investigation to be
identified
- findings from the first method to be used to inform the second method that
follows
- the study to expand in order to add breadth and depth where needed
- contradictions found to be viewed through a fresh lens by use of an
alternative method.
(Creswell, 1994)

Models for combining research methods include: a two-phase design where the
researcher conducts a qualitative phase of the study and a separate quantitative
phase; the dominant-less dominant design where one of the methods is more
dominant in use within the study than the other; and the mixed-methodology design
where both methods are mixed at all or many of the phases undertaken in the

research (Neuman, 1997).

In light of the above discussion, details of the research methods used for this

research are discussed in detail in Section 3.3.

page 78



Chapter 3
Methodology and Research Methods

3.3 Approaches used for this Research

3.3.1 Methodological approach

As discussed in Chapter Two, the hypothesis underpinning this study is a hunch
that students are more likely to be equipped to justify their developed technological
outcomes as ‘fit for purpose’ if their knowledge of technological modelling is
enhanced. This hunch, which is currently untested, was highlighted during the
development of the LAS for technology (Ministry of Education, 2007) as needing
explanation (Compton & France, 2006a).

In my previous role, as the contracted facilitator for the Beacon Practice
Technology Initiative®® and in my current role as the National Technology
Professional Development Manager, | have had opportunity to work closely with
two of the three teachers who indicated a willingness to offer students (student
participants) as subjects for this study. Whilst having had previous close association
with research participants (teachers and their students) may be seen as a
disadvantage to the trustworthiness of the research findings (Lincoln & Gubba,
1990), it can also be beneficial. This is due to the opportunity that this association
provided me, as a researcher, to make explicit any beliefs and concepts | brought to
the site that may have influence on the research process (Neuman, 1997). Having a
previous close working association with two of the participant teachers also
allowed me to ask the ‘difficult’ questions that may not have otherwise been asked
until well into the research, when a mutual trust between researcher and

participants had been established.

Bassey (1995) identified three categories of research that are commonly applied in
education: theoretical research, evaluative research and action research. These he

describes as:

e Theoretical research: focused on describing, interpreting and explaining

events without making any judgements about them

33 The Beacon Practice Technology Initiative was a resource development project that was
conducted by the New Zealand Ministry of Education under the GIF Technology Initiative in
2004-2007.
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o Evaluative research: focused on describing, interpreting and explaining
events so that the researcher or others can make evaluative judgements
about them

e Action research: focused on describing, interpreting and explaining events

while all the time seeking to change them for the better.

With a desire to improve practices currently undertaken in the research sites around
technological modelling to enable students to better justify their outcomes of
technological practice as being fit for purpose, Bassey’s (1995) description of
action research, although somewhat instrumental, was considered a useful design

for this research.

3.3.2 Action research design

There are many definitions of action research available. Carr and Kemmis (1986)
describe action research as:

Action research is simply a form of self-reflective enquiry undertaken by

participants in social situations in order to improve the rationality and

justice of their own practices, their understanding of these practices, and

the situations in which the practices are carried out. (p.162)
While Carr and Kemmis (1986) definition captures the overall intent of action
research, to bring about improvements through self-reflective enquiry, it does not
acknowledge that improvements are often the result of systematic and deliberate
actions informed by reflections on previous activity. Such improvements rely upon
the scaffolding of deliberate cycles where planning, acting, reflecting and analysing
are repeated over a period of time, so that action is followed by research which in
turn is followed by further action. This cyclical framework allows the practice
applied in action research to respond to situations uncovered within the research
site, and for understandings to grow through the active involvement of all
participants to the enquiry. Carr and Kemmis (1993) state that “action research
helps practitioners to theorize their practice, to revise their theories self-critically in
the light of practice, and to transform their practice into praxis (informed,
committed action)” (p.23). Unlike other forms of scientific research, where
theoretical beliefs are often formulated by the researcher independent of the
research site, and then later applied at the site (Elliott, 1991), action research is
reliant on there being a partnership between researcher and research participants, to
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uncover and validate theoretical understandings through practice. Action research is
therefore regarded as research in partnership with, rather than on participants. This
participatory element of action research, Carr and Kemmis (1993) argue, “...
extends beyond (a) mere presence in the exercise to collaborative involvement ...”
and therefore requires “... all participants to be partners of communication on equal
terms” (p. 238). For such equality in partnership to be attained, the researcher and
the participants (in my case teachers and students) need to be on equal footing
(Kyle and McCutcheon, 1984). This view of participation is argued by Greenwood,
Whyte and Harkavy (1993) as being something which cannot be imposed on the
research process but rather a desirable goal which should be aimed for. They state
that:

Participation is a process that must be generated. It begins with
participatory intent and continues by building participatory processes into
the activity with the limits set by the participants and the conditions. To
view participation as something that can be imposed is both naive and
morally suspect.
(Greenwood, Whyte & Harkavy, 1993, p.176)
Participation within action research can therefore be seen as being a continuum that
ranges from “expert researcher to participatory action research” (Greenwood,
Whyte & Harkavy, 1993, p.176). According to Greenwood et al (1993), action
research which employs an expert researcher model, places the researcher in full
control of the research process. However in a fully implemented participatory
action research model “authority over and execution of the research is a
collaborative process” (p.176) between the researcher and all participants
associated with the enquiry under study. For a researcher to move towards full
participatory action research, they need to continually evaluate the way their
activities serve to allow participatory practices to be cultured in the research site.
Such evaluation requires the researcher to interrogate their own personal values
(ontological presumptions), the process they adopt to analyse such presumptions
(epistemological analysis) and examine any discrepancies identified between these.
They also need to be willing to change the way in which they conceptualise issues
(Heikkinen, Huttunen, & Syrjala, 2007; Lomax, 1994). Action research therefore is
bound by ethical enquiry and consequently needs to be undertaken within an agreed
framework of ethics, to ensure that justification of the research itself along with any

resulting findings, stand up to examination. Within the literature on action research,
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a number of writers have identified a set of guiding principles to characterise action
research and provide validity to this praxis of research (Cohen, Manion &
Morrison, 2002). These guiding principles can be broadly categorised in to three
headings; those concerned with the natural setting, rigorous procedures, and effects
(Poskitt, 1994).

Natural setting: action research takes place within naturalistic settings and as such
does not set out to control variables within the research site, but rather examine the
realities of a site as it presents. Discoveries (findings) identified within the site are
theorised and used to plan future directions through the application of deliberate
actions, rather than being informed by perceptions theorised outside the research
site (Cohen, Manion & Morrison, 2002; Poskitt, 1994). Although planned,
deliberate actions need to be responsive to surprises and opportunities that present
themselves in the research site. This ensures that each research cycle is able to
build on the practice which has gone before. For this response to occur, all
participants in the research site should be acknowledged as being researchers in
their own right, and empowered to experiment freely and examine their own
practices (Poskitt, 1994). Such an approach to research can result in tensions
between a researchers’ desire to impose and test theoretical ideas, and the need to
for them to remain open and responsive to developing and evolving practices.

These tensions can be minimised when all participants:

¢ have ownership of the problem or practices under investigation
e are committed to finding improvements

e are encouraged to be objective in their resolve to finding improvements.

Rigorous procedures: action research is reliant on critical reflection of empirical
evidence; both in-action and on-action. To allow for this, researchers need to be
disciplined in recording observational data, hunches and opinions (Poskitt, 1994),
and in obtaining data that sheds insight into actions that instigate improvement. An
essential part of this evidence is the recording of the deliberate actions that are
embedded in the research site. Triangulating data from different sources, to confirm
their validity, and enable theoretical conclusions to be derived and invoked into
actions, helps to authenticate action research as a legitimate research methodology
based on a scientific enquiry approach.
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Effects: the intent of action research is to improve understandings, problem
definition and practice within a social setting (Elliot, 1981; Poskitt, 1994). When
data interpretations are a sense-making process, that conceptualise experiences
through explaining research participant’s unique knowledge base and their personal
reflection (Dehler & Edmonds, 2006), then subsequent actions have an opportunity
to effect improvement within the research site. The cyclic nature of action research
allows the outcomes of ‘sense making” to be reformed through repeated

interpretations of cause and effect.

A criticism which has often been leveled at action research is that its findings are
often presented in narratives which report on the evolving experiences of those who
participated in the research. Heikkinen, Huttunen and Syrjala, (2007) argue

however that where action research reports:

— acknowledge the past events that have shaped the present practices;
— are reflexive
— allow a story to be elaborated dialectically

— provide useable practices that can be regarded as useful, and

evoke emotions and mental images

then such reports allow the ‘quality’ of the action research undertaken to be

interpreted.

The research practices adopted by action researchers are often seen as different to
those used by other research categories. This difference is due to the diverse range
of contexts and fields where action research is applied, and also the varied
philosophical and psychological beliefs held by action researchers (Reason &
Bradbury, 2001). These differences have resulted in action research being openly
debated by academics for its legitimacy as a form of ‘scientific’ research. When
action research is undertaken within educational contexts this debate often centers

on factors such as:

— the validity of having practitioners (teachers) involved in research for their
own personal professional and/or for organisational improvement (McNiff,
2002)
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— the ability of teachers to understand the complexities of doing research: ...
research and teaching are significantly different roles which depend on
different types of knowledge, skill and disposition. Expecting teachers to
take over the task of doing educational research underestimates the
difficulty of that task and the expertise it requires ...” (Foster, 1999, p.395)

— the apparent separation that exists between theory and practice (Levinson,
1972)

— the validity of the theoretical understandings elicited from research findings
and their ability to be generalised beyond the research site (Githens, 2007)

— the loose use of the term ‘action research’ and how it is often misapplied to

types of inquiry that are not really action research (Kemmis, 1988).

While there is not one coherent history of action research (Reason & Bradbury,
2001), most academics credit Kurt Lewin (1890-1947), a social psychologist, as the
“father of action research” (Kemmis, 1993, p.l1) for social psychology and
education. Lewin’s research within social science was primarily centered on
resolving social conflict. He believed that research should be used constructively
to address problems of exploitation and poverty in minority groups. His interest
was in “how people could, through self-education learn to enable themselves to
improve their situation” (Kemmis, 1993, p.1). Since Lewin’s first introduced action
research there have been “several waves of advocacy for educational research” that
have resulted in a variety of educational action research approaches, each with their
“own potential and limitations, and increasingly with its own literature” (Kemmis,
1993, p.1). Several writers (Grundy, 1988; Hart & Bond, 1994; Kemiss, 1993;
Masters, 1995; McKernan, 1991) classify these approaches for action research in
educational contexts into three main forms:

e Technical Action Research

e Practical Action Research

e Emancipatory or Critical Action Research.

Technical Action Research

This form of action research, first promoted by Lewin, uses a positivist, scientific
frame of reference to solve perceived problems. Research projects conducted under
a technical action research model, tend to be instigated and managed by an external
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researcher who is positioned as being the ‘skilled expert’. Management of the
project by an expert is perceived to enable efficient and productive research
practices to be undertaken. Technical action research usually focuses on
experimental action research (Hart & Bond, 1994) that leads to an accumulation of
predictive knowledge that can be used, through deductive process, to refine existing
theories. As such, technical action research is often structured around four distinct

actions:

— anplan of action to improve what is already happening
— anact to implement the plan
— observations of the effect of the action in the context in which it occurs
— reflection on these effects to inform further planning and subsequent action
through a succession of cycles.
(Kemmis & McTaggart, 1982)

The application of these actions needs to be flexible so that the researcher can
respond to any unforeseen effects and unexpected constraints identified at the

research site.

Practical Action Research

Practical action research takes a pragmatic approach to solving practical problems
that often arise within professional practice. This form of action research may
employ an expert researcher to collaborate with a person (or group of people) who
‘own’ the problem or situation to be investigated or the research can be undertaken
by a professional to research their own practice. As such, practical action research
allows practitioners to gain new insights into their actions, and promotes the
development of autonomous and reflective practitioners. To ensure that practical
action researchers are able to gain personal interpretive understandings about
practical problems and draw valid theoretical understandings, a series of cycles of
deliberately planned and reflective actions is essential (Elliot, 1987). Following an
initial exploration of the research site to clarify the problem(s) to be studied,
subsequent actions performed in each cycle need to be informed by the findings
from the previous cycle. When practical action research is used to help improve
professional practice, McNiff, Lomax, & Whitehead (1996) warn that emphasis

must go on the praxis rather than just the practice in order to ensure that informed
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and committed actions will “gives rise to knowledge rather than just successful
action” (p.8 — cited in McNiff, 2002).

Emancipatory or Critical Action Research

Emancipatory action research often employs critical inquiry to address issues of
social change and emancipation. This form of action research is reliant on
participants working collaboratively together. Emancipative action research

projects often have twin goals:

e to reduce the gap between the problems experienced by disadvantaged
people in specific settings

¢ to develop local theoretical understandings which explain the situation.

The aim of emancipative action research is to enable and empower people to take
strategic and effective action to improve their lives. Emancipative action research is
highly participative and often informed by critical theory. This form of action
research, the ‘Deakin’ model, promoted by Kemmis, Carr and McTaggart allows
participants to develop interpretative meanings and organise collective action to
overcome constraints (Poskitt, 1994). For participants to develop such meanings,
and undertake collective action, they all need to be fully engaged in the research
and communicate openly with one another. Within education, emancipative action
research tends to focus on enabling “rational, just and democratic forms of
education” (McKernan, 1991, p.27) rather than trying to address the “everyday
practical concerns of practitioners” (Poskitt, 1994, p.65).

The research methods used to collect and analyse data do not differ for the three
types of action research described above however, the purposes of the research, and
the social and power relationships that exist between the participants and
researcher(s) do. A continuum of participation exists across the three types, from
the differentiated roles and recognition of the researcher as ‘expert’ in technical
action research, to the highly participative and shared roles of empowering
research captured by emancipative action research. Differences in these action
research approaches stem from “cultural traditions, national and local situations,
intellectual traditions in universities and schools, professional knowledge and

practices, and also because action research can be emergent” (Hughes, Ndonko,
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Ouedraogo, Ngum & Popp, 2004, p.2). When action research is owned by
participants, they will often evolve their own means of doing research which is
specific to their situation (Coughlan & Collins, 2001) and personal understandings.
As a result, new models for conducting action research continue to emerge that
reflect the diversity of the local character, where action research projects are

undertaken.

3.3.3 Rationale for using Action Research for this study

An emancipative action research design, underpinned by an interpretive paradigm,
was adopted for this study for its empathy to research conducted in natural settings;
focus on critical reflection; and intention of improving understandings and practice
within social settings (Elliot, 1981; Poskitt, 1994). In an interpretivist paradigm
knowledge is socially constructed and intentionally constituted through a
researcher’s lived experiences (Sanghera, 2005b; Weber, 2004). Adopting this
research design therefore meant that the researcher and realities of the research site,
in terms of researcher and teachers actions and resulting student outcomes, were
inseparable (Weber, 2004). It also meant that an open design attitude to data
analysis could be adopted to allow subsequent data collection and analysis to profit
from everything learnt prior to that point (Guba, 1979). Within this design
therefore, the researcher and teachers could observe both the “cause and effect”
(Cohen, Manion & Morrison, 2002, p.181) of selected systematic actions used to
develop student concepts of technological modelling. These actions, informed by
understandings gained from data from the prior research cycles.

Lewin’s cyclic model of action research, as seen in Figure 2, was used as a
framework for the emancipatory action research adopted for this study. Four cycles
were undertaken, as seen in Figure 3, to ensure that sufficient data were collected

and interacted with, to enable research conclusions to be drawn.
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Figure 2: Lewin’s scheme of action (cited in Cardino, 2003)

Each of these cycles required planning in which the researcher and the teacher
participants devised a ‘plan of action’. This ‘plan of action’ was based on an
understanding of the research goals for that cycle of the research, and an
understanding of the issue(s)/barrier(s) to improve student achievement in the
component technological modelling. A part of the ‘plan of action’ was the
identification of the specific knowledge that was to be taught during this cycle and
pedagogical strategies to be used to do this. Enacting this plan involved teacher
delivery of the unit and observing in order to evaluate changes in student
conceptual understandings and any improvements in their ability to justify their
developed technological outcomes as “fit for purpose’. Through reflecting on any
observed changes (or not) and implications of these changes, a reconsideration of

the cycle’s research goals was also able to be undertaken.
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Identifying differences between
first and second intarvention

CYCLE FOUR
Evaluation

CYCLE THREE
Second Intervention

CYCLE TWO
First Intervention

CYCLE ONE
Reconaissance

Figure 3: Cycles of the research

As illustrated in Figure 3, there were four cycles applied in this research. A
description of each research cycle that includes: timeframes, actions undertaken

and factors that influenced the cycles follows in Table 1.
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Table 1 Research Cycles

Timeframe | Actions

Factors Influencing Cycle

CYCLE ONE: Reconnaissance

April, Obtain ethics approval from Massey University
2008 Human Ethics Committee.

Explain project to teacher research participants (and
principals) including expected outcomes and their
required contribution to the research. Confirm student
participants and obtain signed consent forms.

May, 2008 | Collect baseline data (Baseline Data). This data
comprised observation, portfolio evidence and a
technological modelling questionnaire,
student/researcher conversations.

June, 2008 | Initial analysis of Baseline Data —identify
implications for planned interventions for teaching
units for Cycle Two and discuss with teachers.

Assist teachers to plan teaching units/activities for
Cycle Two with learning interventions that reflect
understandings gained from Baseline Data.

end June, | Secondary analysis of Baseline Data — identifying
2008 emergent themes to inform planning/teaching for
Cycle Two interventions.

Students confirmed as research
participants were those most likely
to study Technology in Years 12
and 13.

Student portfolio evidence
examined was developed by the
research participant students in
Year 11 and used for assessment
against Level 1 NCEA internal
and external Achievement
Standards in 2007.

No Year 11 technology
programmes in the research
schools had focused teaching
activities/units on developing
student conceptual understandings
of technological modelling.

CYCLE TWO: First Intervention

June — Deliver Cycle Two units/teaching activities.

Oct, 2008 | Researcher classroom visits to observe and interact
with participating students.

Collect student artefacts — portfolio evidence
(documentation of technological practice, photographs
of technological outcomes, mock-ups, records of
researcher/student conversations).

Redistribute technological modelling questionnaire for
students to complete.

Nov- Dec | Initial analysis of available data from Cycle Two —
2008 compare findings from Cycle One data with initial
findings from Cycle Two.

Jan — Feb, | Secondary analysis of all data from Cycle Two —
2009 compares Cycle One findings with those from Cycle
Two and emergent themes to inform next
intervention.

April Assist teachers to plan teaching units/activities for
2009 Cycle Three with learning interventions that reflect
understandings gained from Baseline Data.

Student portfolio evidence
submitted for assessment against
external Level Two Technology
Achievement Standards could not
be gathered from students until
January 2009. A secondary
analysis of Cycle Two data was
undertaken in late Jan- Feb 2009.

Researcher observations during
classroom visits were used to
ensure that activities delivered
offered opportunity for student
change.

Where identified that students
failed to engage with technological
modelling concepts taught and/or
respond positively, further
interventions were introduced.

Cycle Two provided opportunity
for the researcher to establish a
working rapport with the student
participants (and teachers).
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Timeframe

Actions

Factors Influencing Cycle

CYCLE THREE: Second Intervention

Feb, 2009 | Confirm students research participants for 20009.

June — Deliver Cycle Three units/teaching activities.

Sept, 2009 | Researcher classroom visits to observe participating
students.

Collect student artefacts — portfolio evidence
(documentation of technological practice, photographs
of technological outcomes, mock-ups, records of
researcher/student conversations).

Redistribute technological modelling questionnaire for
students to complete.

Oct, 2009 | Initial analysis of available data from Cycle Three —
compare findings from Cycle One and Two with
those from Cycle Three.

Nov, 2009 | Interview  research  participant  students to
validate/clarify conceptual understandings identified
from initial analysis of Cycle Three data.

Jan — Feb, | Secondary analysis of all data from Cycle Three —

2010 compares findings from Cycle One and Two data with

findings from Cycle Three, and emergent themes.

Student portfolio evidence
submitted for assessment against
external Level 3 Technology
Achievement Standards could not
be gathered from students until
January 2010. A secondary
analysis of Cycle Two data was
undertaken in late Jan- Feb 2010.

Researcher observations during
classroom visits were used to
ensure that activities delivered
offered opportunity for student
change. Where identified that
students failed to engage with
concepts taught and/or respond
positively, further interventions
were int