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CREATIVITY AND INNOVATION MANAGEMENT

Embedding a Threshold Concept in
Teaching and Learning of Product
Development Management

Paul Coughlan and Anne Graham

This paper uses insights from the literature on threshold concepts to develop a structure for
understanding teaching and learning in the area of managing product development. The paper
defines the threshold concept, outlines pedagogic principles and describes learning activities
that seek to enact these principles. The paper is based upon experience of an established

final-year university undergraduate course.

Introduction

[A] CAS (complex adaptive system) frame-
work is capable of facilitating interpreta-
tions of NPD (new product development)
reality that maintain a fit among descriptive
stance, system behaviour, and innovation
type (McCarthy et al., 2006, p. 441).

The research reported upon by McCarthy et al.
proposes and supports the notion that a CAS
framework of NPD has descriptive value in
terms of studying, classifying and defining
the attributes and relationships that govern
adaptive behaviour and outcomes in NPD pro-
cesses. This paper accepts that proposition and
explores the implications for curriculum
development and teaching. In addition, recog-
nizing that the process of product develop-
ment involves multi-disciplinary activity, the
paper explores these implications in the par-
ticular context of teaching business and engi-
neering students together. Here the challenge
facing teachers of such groups can be captured
in the following two statements:

¢ To the business student: I am not trying to
make an engineer out of you, but I would
like you to be able to talk to one.

¢ To the engineering student: I am not trying
to make a business manager out of you, but
I would like you to be able to talk to one.

Figure 1 illustrates this challenge. Our paper
examines this challenge using the two related
concepts: threshold concepts and troublesome
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knowledge. It illustrates a response to the chal-
lenge, drawing from an undergraduate course,
titled ‘Managing New Product Development’,
to move from learning theory, to teaching
principles, to learning activities. Course docu-
mentation, student survey data, student and
company communications were used in the
description and analysis of the teaching-
learning environment presented in this paper.

Encouraging Student Learning
through Threshold Concepts

Meyer and Land (2005) suggest that within
each discipline, field or profession there are
threshold concepts which integrate and define
the scope of the academic community with
which a student is engaging. These threshold
concepts can be considered like passing
through a portal, or conceptual gateway, thus
opening up a new and previously inaccessible
way of thinking about something (Meyer &
Land, 2003). Such concepts lead to a trans-
formed way of understanding, or viewing
something that may represent how people
‘think” or how they perceive, apprehend or
experience particular phenomena within a dis-
cipline. A single discipline-based threshold
concept may be nested within other concepts
and students may have to progress through
these in order to develop (Davies & Mangan,
2006). Such concepts have five attributes:
they are transformative, irreversible, integrative,
bounded and troublesome.
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Figure 1. Thinking and Talking: The Educational
Challenge

¢ The transformative character reflects how
threshold concepts can change a student’s
perception of themselves and the subject.

e Irreversibility makes it inconceivable that
(the student) would return to viewing, not
only the world around them, but also the
subject and themselves, in the way they did
before (Davies, 2006).

* The integrative quality is critical to the
transformative and irreversible attributes.
Once the ideas and procedures of a subject
make sense, it becomes possible to bring
together different aspects of the subject that
previously did not appear to be related.

e A threshold concept helps to define the
boundaries of a subject area because it clari-
fies the scope of a subject community.

¢ Finally, a threshold concept is likely to be
troublesome, not only because it operates in
an integrating way, but also because it is
taken for granted by practitioners and
therefore rarely made explicit. Knowledge
is troublesome when it is alien or counter-
intuitive (Perkins, 1999).

Where did the troublesome knowledge
concept come from? Perkins (1999) described
different types of troublesome knowledge
including tacit, alien, conceptually difficult,
ritual and inert. Troublesome knowledge,
troublesome language and the various thresh-
old concepts that sit within disciplines create
disjunction in the mind of the learner. The
resultant effect has been described as similar to
‘hitting a brick wall’ in their learning. Some of
this troublesome knowledge is predictable
and well known to business or engineering
academics as challenging areas of subject
matter, and some is unique to each individual
based on their previous knowledge, experi-
ence and aptitudes.
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As part of the British Government’s Teach-
ing and Learning Research Programme
(TLRP), the Economic and Social Research
Council (ESRC) funded a major research
project focused on the development of univer-
sity teaching and learning in five subject areas:
biology, economics, engineering, history, and
media and communications (Entwistle, 2003).
An outcome of this research has been the
development of a set of concepts in respect of
the quality of learning, focusing on the peda-
gogical concepts of troublesome knowledge
and threshold concepts.

It was during their work as part of the team
gathering data within Economics that Meyer
and Land (2003) realized that certain concepts
were seen by both faculty and students as
being difficult. This in itself was nothing new!
However, these difficulties were recognized
by faculty as presenting a predictable and an
ongoing challenge when creating a teaching-
learning environment to facilitate the students’
ontological shifts. Over the succeeding years,
the concept has been embraced by many dis-
ciplines outside of economics.

In summary, threshold concepts and
troublesome knowledge are central to encour-
aging students to engage in deep rather than
surface learning. This paper now examines
a university undergraduate degree course,
linking subject theory to teaching principles
and to learning activities with a view to pro-
voking reflection on curriculum and the art of
our teaching in this area.

The Managing New Product
Development Course

The Managing New Product Development
(MNPD) course has run each year at Trinity
College Dublin since 1997. The course objec-
tive is to enable final-year undergraduate stu-
dents to understand the contributing factors
to shorter lead times when developing mar-
ketable and manufacturable new products,
choices in structuring the development
process and the integration of differing func-
tional capabilities during the process.

The students are drawn from two separate
disciplines, each with their own unique ‘ways
of teaching and practicing’ (Entwistle, 2007):
business and manufacturing engineering. In
bringing these disciplines together in the same
classroom, the course creates an opportunity
to combine curriculum content and cross-
disciplinary teaching-learning. It also provides
an opportunity for students to work in the
cross-functional environment they will experi-
ence in their professional careers as graduate
engineers, accountants or marketers.
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Table 1. The Four Stages of the MNPD Project

Project Objectives

Stage

Stage I Describe the innovation process at the level of the firm, identify gaps relative to
‘best practice” and identify emerging issues using ‘Innovation Your Move’
(Voss, Coughlan & Chiesa, 1993)

Stage 11 Describe the development process in a recent product development project as

key informants experienced it, reflect upon that experience and identify
emerging issues using a protocol (Coughlan & Brady, 2002)

Stage I1I Compare and contrast the insights emerging from Stages I and II, develop
action plans to improve the development process in specific areas and present

these to the firms

Stage IV Consolidate Stages I-1II, incorporating lecturer feedback, new information from
the company and new insights from the course material

The course is designed to allow each
student, as an individual and as a group
member, to learn about the application of
product development theory to complex case
studies and to a major strategic issue in a real
organization. The cases challenge students to
analyse such product development issues as:

success and failure

the strategic dimension

the product development process
organizational interfaces

incorporating industrial design

design for manufacture

evaluating and improving the new product
development process.

Briefly, the year-long course is taught using a
combination of case studies, readings and
group project work. Some 14 cases challenge
students to analyse product development
issues in different industries and countries.
The readings provide a conceptual and theo-
retical underpinning for discussions of those
issues. As such, having prepared the readings
and case material before the 22 weekly two-
hour classes, discussion is open and helps to
advance understanding of the issues.

The group project (Coughlan, 2002) runs
over the entire year and details are sum-
marised in Table 1. The overall mark for the
course is made up of a combination of
marks for the project and the end-of-year
examination.

Working in groups, students assess product
development practice and performance in a
firm of their choice and develop recommenda-
tions for management. Their reports reflect
the issues and concepts which have been
addressed in the course.
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Viewing Product Development
as a Complex Adaptive System:
A Threshold Concept

Viewing product development as a complex
adaptive system (CAS) has the potential both
to provide a framework for helping managers
and engineers to manage and to improve this
area. Three related but different perspectives
on product development used in the MNPD
course together lead to the embedding of CAS
as a threshold concept. These perspectives are
illustrated in Figure 2 and each is discussed
below.

Product Development as a Linear
Conversion Process

The first perspective in Figure 2 sees product
development as a (relatively) simple transfor-
mation process, converting inputs to outputs.
Using the language of Slack and Lewis (2008),
the inputs are in two forms: transformed
resources and fransforming resources. The trans-
forming resources (such as staff and design
equipment) act on transformed resources
(technical, market and time information) to
convert an idea into a finished product, ready
for release onto the market. Recognizable
process attributes, drawn from Operations
Management, fit within this perspective. For
example, the task of converting ideas into
specifications, prototypes and finished prod-
ucts requires the flow of people, information
and materials. The information and materials
may be held in storage in raw or semi-
processed states as the process evolves.

On reflection, this perspective on product
development as a linear conversion process
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Figure 2. Three Perspectives on Product Development

is based upon relatively fixed, discrete and
sequential stages where the flows and out-
comes are relatively deterministic (McCarthy
etal, 2006). From the perspective of the
student, it provides a simple and effective rep-
resentation of the structural logic and flows
associated with a stable product development
situation. However, it leaves undeveloped the
dynamic behaviours and relationships associ-
ated with the notion of product development
as a process of discovery and translation into
tangible and marketable outputs.

Product Development as a Recursive
System

The second perspective in Figure?2 sees
product development as a process with con-
current and multiple feedback loops that gen-
erate iterative behaviour and outcomes that
are more difficult to predict (McCarthy et al.,
2006). This perspective builds on Chiesa,
Coughlan and Voss (1996) who proposed an
underlying process model at the level of the
firm that included core and enabling processes
of innovation. These core and enabling pro-
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cesses should result in improved innovation
performance, which in turn leads to increased
competitiveness.

Coughlan and Brady (1996, 2002) developed
a related process model, replicating the struc-
ture of the Chiesa, Coughlan and Voss model
at the level of the product development
project. As earlier, the concept of product
development is defined as a process rather
than a function. This process encompasses the
activities, decisions and responses required to
take a product from concept to market. In
order to explore product development as a
process, the framework defines its scope in
terms of core and enabling processes. The core
process of product development consists of
five areas: product development, teamwork-
ing and organization, process development,
market focus, and transfer to manufacturing.
Again, leadership, resourcing and the use of
appropriate systems and tools enabled the
core process of product development. A suc-
cessful product development process leads
to improved development performance,
which is evaluated in relation to goals set
for product launch, and measured both in

Volume 18 Number 3 2009



194

CREATIVITY AND INNOVATION MANAGEMENT

Table 2. Product Development as a Complex Adaptive System (CAS) — A Threshold Concept

Attribute Product Development as a CAS

Transformative The concept of product development as a CAS, defined in terms of core
and enabling processes which are non-linear, self-organizing and
emergent, rather than a function or a linear technical design task
challenges the students’ perception of themselves and of the subject

Irreversible Seeing product development as a CAS, the student does not return to
viewing the area as a function, a linear technical task or, even, a simply
recursive process, as they might have done before

Integrative The scope of the adaptive core and enabling processes brings together a
variety of discipline and functional areas to be managed that are now

understood to be related

Bounded Depending upon the context within which a new product is being
developed, the detailed management task will differ. However, the
scope of the adaptive core and enabling processes at the levels of the
firm or of the development project helps to define the boundaries of the
subject area and clarifies the scope of the communities of research and

practice

Troublesome Seeing product development as a CAS is taken for granted (if even
intuitively) by many practitioners. The associated knowledge is tacit,
alien to disciplinary-bounded students, and conceptually difficult

terms of product performance and customer
satisfaction.

From this perspective, product develop-
ment is a dynamic and fluid process and
radical innovations are possible. However,
even though the perspective allows for two-
way flows of communication, it does not
explicitly allow for structural or behavioural
instabilities in the process as the development
activity proceeds.

Product Development as a Complex
Adaptive System

The third perspective illustrated in Figure 2
sees product development as a complex
adaptive system (CAS). From this perspective,
product development is non-linear, self-
organizing and emergent (McCarthy etal,
2006). The feedback loops in the process
produce sensitivity and potentially dispropor-
tionate outcomes seen in terms such as de-
velopment time, product quality, product
cost, manufacturing dependability or manu-
facturing flexibility. The process, as a whole,
self-organizes, independently adapting and
developing new configurations. Correspond-
ingly, emergence occurs because the process
allows experimentation, rule breaking and
exploratory actions.
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For example, for a new development, the
sequence of tasks and the associated relation-
ships between key players/actors may be
unpredictable, particularly in an open innova-
tion environment. Creating a climate, within
which development tasks and priorities can be
changed internally to match market forces and
innovation expectations, can be easier if there is
an appreciation that the complexity is manage-
able. To manage in this area requires process
managers who can span and integrate a variety
of areas of expertise. As proposed by McCarthy
et al. (2006), the benefits of the CAS perspective
are that it assumes that overall process configu-
rations and behaviours are malleable.

CAS as a Threshold Concept

The MNPD course introduces students to
all three perspectives sequentially, ultimately
embedding the concept of product develop-
ment as a complex adaptive system. This CAS
concept may be characterized in terms of the
five attributes of a threshold concept noted
earlier and now presented in Table 2.

The next section of the paper describes how,
in the MNPD course, the three perspectives on
product development described are combined
to help learners to identify CAS as a threshold
concept.
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Table 3. Product Development as a CAS — Pedagogical Issues and Principles

Pedagogical Issues

Pedagogical Principles and
Associated Types of
Activity

Application to the MNPD
Course

The threshold concept acts
as a keystone

The threshold concept is
distant initially from
direct experience and
can only be experienced
hypothetically

The threshold concept
becomes visible through
engaging in a new way
of practising and of
thinking

The acquisition of a
threshold concept

Highlight variation to ensure
that there is sufficient
foundation of basic concepts
to make it possible to work
towards acquisition of the
threshold concept

Help students to integrate their
understanding through
re-working their
understanding of previously
acquired concepts in the light
of the threshold concept

Expose the way in which
scholars in the discipline use
procedural thresholds by
highlighting variation in the
use of key procedures

Help students to regard their
understanding as provisional

Product development as a CAS
brings form and robustness
where previously there was a
collection of ideas

The hypothetical experience of
product development as a
CAS is experienced through
the comparative case analysis

The concept of product
development as a CAS
becomes visible through
engaging in the field project

The sequential presentation of
each of the linear and

transforms and to tolerate uncertainty.

understanding of
previously acquired
subject knowledge

recursive perspectives

illustrated in Figure 2
develops provisional subject
knowledge which is
subsequently obsolete when
the CXS perspective is
embedded

Helping Learners to Acquire a
Threshold Concept

Davies and Mangan (2006) have identified
some key pedagogical issues and principles
when supporting the students” acquisition of
threshold concepts. Table 3 summarizes the
expression of these issues and principles in the
MNPD course.

Making a threshold concept explicit in this
way for students poses an immediate problem
unless they have acquired sufficient subject
knowledge to develop and to practise an
integrated understanding. The transformative
nature (Mezirow, 1981) of the learning experi-
ence involved forces the student to re-evaluate
their previous ‘ways of knowing’, based on
prior learning, constructions of reality or per-
spectives that have served them very well to
date, so triggering a new learning cycle. Fol-
lowing Davies and Mangan (2006), the MNPD
course undertakes three types of activity:
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reflective exercises, problem-focused exercises and
threshold network exercises.

Reflective Exercises

As noted earlier, the formal content of the
course includes concepts, theory and frame-
works designed to assist in understanding
organizations, their environments, their pro-
duct development processes, their perfor-
mance and the role and responsibilities of
management. The readings are drawn from
journals and from the EIASM International
Product Development Management Confer-
ence papers.

Problem-Focused Exercises

Students are assisted towards acquiring
deeper subject knowledge through analysis of
some 14 case studies. These problem-focused
exercises provide a basis for conceptual analy-

Volume 18 Number 3 2009



CREATIVITY AND INNOVATION MANAGEMENT

sis of practice and linkages among these prac-
tices in differing industries and countries.
Here, students develop a more extensive
understanding of the underlying complex
system through analysis of the case situation
rather than just through review and reflection
on theoretical papers. The class discussion
includes a description, detailed analysis,
evaluation and development of a plan of
action. There is appropriate and creative use
made primarily of course material, and also of
some additional material relevant to the issues.
Recommendations for action are of a specific
nature and include consideration of cost, time,
responsibility, impact and outcome.

Threshold Network Exercise

The readings provide the concepts and theory
relevant to describing and explaining the
world of organizations and their management;
the case studies and class discussions pro-
vide practice in aligning theory with practice.
These reflective and problem-focused exer-
cises are complemented by the major field
project — a threshold network exercise — which
runs throughout the year-long course and
involves the students in a number of company
visits.

The central objective of the project is to assist
students in the course to apply theory to
understanding practice with a view to making
recommendations to management. The second
objective is to develop holistic competencies in
the conduct of diagnosis and the making of
judgements in relation to the management of
the product development process. The third
objective is to support, in so far as is realistic,
the process of organizational and strategic
development in the firms in which projects are
undertaken. The final objective is to act as a
feedback mechanism, internal to the course,
through which both students and faculty can
observe the extent to which coursework is and
can be applied to thinking and practising. The
projects are not consultancy projects. They are
clinical educational endeavours with which
firms co-operate based upon an interest in the
content and outcome of an analysis of strategi-
cally significant products.

Examination

The overall mark for the MNPD course is
made up of a combination of marks for the
project and for the end-of-year examination,
each accounting for 50 per cent of the overall
mark.

The end-of-year examination consists of a
case study and a question paper. The case
study is available to each student individually
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ahead of the exam in order to facilitate famil-
iarization with the issues. The examination is
closed book. The questions require the student
to use the case study as a basis for their
answers. In addition, the student is encour-
aged to apply concepts, techniques and illus-
trations from the course in the development
and presentation of their answers. There
are four main criteria for evaluation of the
examination:

* an understanding of management issues

* substantiation, primarily by course material

e critical evaluation and insight into the man-
agement situation

e clarity in structure and presentation.

Feedback

Feedback on the achievements of the MNPD
course comes from a number of sources. First,
student feedback is gathered systematically
and independently at year-end by the uni-
versity’s Centre for Academic Practice and
Student Learning (CAPSL). The survey invites
students to rate and to comment on course
planning, content, evaluation and delivery. The
survey administered in May 2009 is illustrative
of the feedback received. A total of 68 out of 80
students responded. In brief, 92-95 per cent
indicated that the lecturer stimulated them to
think critically about the subject. All 68 stu-
dents rated their satisfaction with the assess-
ment approach highly (90%) or very highly
(10%). Some 99% found the course good or
excellent. Additional anonymous comments
included the following:

e ‘Overall, this [course] has been one of the
most enjoyable and worthwhile in a practi-
cal sense, not just this year, but in my entire
college career’.

¢ ‘The course is trying to give the students
something no other business course offers’.

¢ ‘Liked the project because it gave [a] practi-
cal dimension to the theory’.

¢ ‘Ifound the assessment a positive challenge
which allowed us to use our knowledge in a
different manner than previous years. [ also
feel it worked well doing the project over
the course of the year’.

Second, the project also provides a source of
feedback. For example, two of the 27 projects
completed in May 2009 noted:

¢ ‘The project enabled us to gain tremendous
insight into the practical application of the
theory we had studied throughout the
course. Many of the issues that we identi-
fied within (the company) were similar to
those we had seen in the case studies in
class and the experience complemented our
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learning greatly. Likewise, it was helpful to
have covered cases beforehand which aided
us in understanding the kinds of issues
facing [such companies]’.

¢ ‘In completing this project, we have
managed to apply theory to practice and in
doing so have gained a more complete
understanding of new product develop-
ment and innovation within firms. Through
our interviews and analysis of the informa-
tion gathered in these, we have developed
competencies in formal methods of con-
ducting research and auditing companies’.

A final source of feedback comes from the
project companies. Company support for the
course is evident in the ease with which stu-
dents gain access, the incidence of repeat
projects, and management comments. The fol-
lowing comment from one of the 27 projects
completed in May 2009 is illustrative:

¢ ‘The management team are very impressed
with the assessment of the company by [the
students]. They showed a great understand-
ing of our Company and provided us with
detailed and accurate feedback. ... Cer-
tainly as the company grows the recommen-
dations could enhance our New Product
Development. [Flormalized methods could
greatly improve NPD by getting more input
from a wider group. Benefits would also be
reaped by others learning from [named
manager] if they were brought into the
development process’.

Reflections and Recommendations
to Others Responsible for Teaching
and Learning of Product
Development Management

The ability of teachers and faculty to create
effective teaching-learning environments is
critical to student success. However, in order
for students to develop to their true potential
they must have a solid understanding of both
their own learning strategies and style, and the
challenges their chosen course poses for them.
Given the identified difficulty of this type of
course, the challenge for faculty is to consider
how and in what ways we can create teaching-
learning environments that enable and
empower students to deal with the stress and
anxiety these difficult areas of curricula engen-
der in them.

There is nothing special about the readings,
case studies or project tools used in the MNPD
course to facilitate a useful learning experience
for students. Such elements have been in exist-
ence for years. In addition, the project-based
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approach to enhancing the learning experience
of students is not new. What is of note,
however, is the way these elements are com-
bined within the course to embed a threshold
concept. Stated differently, the course creates
particular conditions of learning and imple-
ments pedagogical principles to support stu-
dents in their understanding of the threshold
concept and in arriving at the kind of transfor-
mational thinking aimed for.

From a pedagogical perspective, embed-
ding a threshold concept requires that it
becomes visible through engaging in a facili-
tated way of practising and of thinking where
students accept that, at each stage in their
learning, their understanding is provisional.
While threshold concepts pose difficulties for
students, they can spur their learning interac-
tions with fellow students (Marton & Tsui,
2004; Entwistle, 2007). They also beg a learning
space which facilitates a process of meaningful
understanding and learning in a deeper way
(Graham, 2008). In this space, the student’s
‘taken-for-granted’ nature of their own experi-
enced ways of knowing is challenged. In the
particular learning space of a course, the
student takes a journey within a relatively ‘safe
zone’ created by the facilitation of a scaled
learning experience.

In the MNPD course, the sequence of learn-
ing and the iterative nature of the process have
developed particular ‘conditions of learning’
described earlier. These conditions include the
combination of the core disciplinary and cross-
disciplinary reflective exercises and course
materials, the use of particular types of case
work as problem-focused exercises, which
consolidate the connections between knowl-
edge and practice, and the project which
challenges students in an iterative cycle to
link knowledge, experience and practice. This
‘learning space” offers the required safe zones
where the supportive teaching-learning envi-
ronment is consistent with the traditional
pedagogical orientations of the university as a
whole.

Summary and Conclusions

New product development management
practice continues to move towards a multi-
functional and cross-disciplinary focus which
means that university graduates need to be
able to deal with non-linearity, emergence and
self-organization. Expressed differently, they
need to be able to practise with the benefit of
an embedded threshold concept of product
development as a complex adaptive system.
Such a concept integrates a way of thinking
and operates at a high level of abstraction.
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From a pedagogical perspective, a threshold
concept has potential to encourage students
towards deep rather than surface learning
and is best introduced when students have
acquired sufficient subject knowledge to
develop and to practise an integrated under-
standing. Embedding the concept requires that
it becomes visible through engaging in a facili-
tated way of practising and of thinking where
students accept that, at each stage in their
learning, their understanding is provisional.

This paper has examined how students of
product development come to understand and
cope with a threshold concept and trouble-
some knowledge. Further research opportuni-
ties exist in the identification of further
threshold concepts and the nature of the
‘learning space’. For example, what level of
prior subject knowledge is required by stu-
dents in order to be capable of acquiring a
threshold concept? Further, how might we
measure empirically the acquisition of a
threshold concept in relation to product devel-
opment teaching and learning at third level?
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