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Design Thinking and Other Approaches 1

1 Considering Disciplinary Approaches
A designer, an ecologist and an entrepreneur walk into a bar . ..

A joke that starts like this would later develop in ways that illustrate the different
approaches the three protagonists take to the world around them. The joke and its
punchline (normally at the expense of whoever is third in the list) hinge on these
distinctive differences being understood by the audience. So, what sort of diffe-
rences would be relevant to our three friends? Perhaps the designer sees everything
as a creative challenge; perhaps the ecologist sees everything as a system of
interacting parts; perhaps the entreprencur sees everything as a match between
changing opportunities and changing resources. Perhaps, and perhaps a joke of
some sort can be structured around these supposed differences in outlook or
mindset. However, note that for the joke to work, we must all implicitly understand
that these individuals each have an approach that will influence not just their
professional activities, but also their orientation to whatever scenario they are
about to encounter in the bar they are walking into.

Is that true? Do practitioners from individual disciplines have distinctive
approaches at such a general level? What kind of thing are these approaches,
what are they composed of and how are they related to each other? Are they
relevant even beyond the bounds of their originating disciplines? Can people be
effectively trained in those ‘disciplinary approaches’ and then apply those
approaches to other contexts? How would such people identify the approaches
of most interest to them, either individually or in combination? These are the
sorts of questions that I will address in this work, not for the purposes of joke
construction — as entertaining as that might be — but to inform how we think
about disciplinary approaches in general. This is important because these
approaches are central to many of the decisions that we make within and across
disciplines, including decisions about collaboration, education and training.

Many disciplines have already conducted and reported significant work in their
efforts to characterise the distinctive features of their own approaches. For
example, referring to our three friends again, the training and professional
experiences they each have might mean they are skilled in or inclined toward
what is sometimes called ‘design thinking’ (e.g. Kimbell, 2011), ‘systems think-
ing’ (e.g. M. C. Jackson, 2003) or ‘entrepreneurial thinking’ (e.g. Krueger, 2007).
Each of these approaches has been promoted as important to the disciplines that
they are most closely associated with, but also to many other domains and
applications. In recent years, this has been especially true for management
practices (e.g. Gharajedaghi, 2011; Liedtka & Ogilvie, 2011; McGrath &
MacMillan, 2000), and therefore management education (e.g. see Dunne &
Martin, 2006; Glen et al., 2014; Peschl et al., 2021; Seiler & Kowalsky, 2011).
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Consequently, each of these approaches has been reported across the general
business press, including in publications such as Business Week, Fast Company,
Forbes, Fortune, Harvard Business Review and the Financial Times." These
approaches have also been advocated by many local and national governments
(e.g. Kavanagh, 2021; Liedtka et al., 2020; UK Government Office for Science,
2022), and also by inter-governmental organisations such as the United Nations,
the World Bank and the World Health Organization (de Savigny & Taghreed,
2009; United Nations Development Programme, 2017; Valerio et al., 2014).% In
all cases, these forms of thinking are promoted for their potential to encourage
new perspectives, expand imagination and boost creativity.

Whilst design thinking, systems thinking and entrepreneurial thinking might
have received the most attention from those promoting problem finding, prob-
lem framing and problem solving, these are not the only approaches that are
relevant to how people understand, manage and change the world around them.
If our joke instead started with a computer scientist, an engineer and
a statistician walking into the same bar, then the generally applicable
approaches they each would be expected to take might be referred to as
‘computational thinking’ (e.g. Wing, 2006), ‘engineering thinking’ (e.g. Waks
etal., 2011) and ‘statistical thinking’ (e.g. Chance, 2002). Across a wide range
of literatures, many such disciplinary approaches have been defined, debated,
promoted, criticised and defended. A non-exhaustive list would include those
already mentioned but also many other approaches, which can be usefully (but
only approximately) grouped under conventional disciplinary categories:

= The professions — design thinking, entrepreneurial thinking and engineering
thinking (all cited above), technological thinking (e.g. Gorman, 2006), archi-
tectural thinking (e.g. Frascari, 2009), systems-architectural thinking (e.g. Aier
etal., 2015), policy thinking (Geva-May, 2005) and thinking like a doctor (e.g.
Loftus, 2018), nurse (e.g. Tanner, 2006) or lawyer (e.g. Rapoport, 2002).

= The sciences — systems thinking, computational thinking and statistical
thinking (all cited above), mathematical thinking (e.g. Burton, 1984), scien-
tific thinking (e.g. Noll, 1935), physics thinking (e.g. Sayre & Irving, 2015),
chemical thinking (e.g. Sevian & Talanquer, 2014), evolutionary thinking
(e.g. Novick & Catley, 2016) and data-scientific thinking (e.g. Cao, 2018;
Gould, 2021).

! For example, for design thinking, see work by Higgins (2020), Nussbaum (2004) and Speicher
et al. (2022); for systems thinking see work by Praslova (2023) and Tank (2020); for entrepre-
neurial thinking, see work by Crudo (2020) and Hoberman (2015).

2 More generally, design thinking has been promoted as the means by which governments or
democratic systems could be developed (Saward, 2021).
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Design Thinking and Other Approaches 3

* The social sciences — geographical thinking (e.g. P. Jackson, 2006), sociological
thinking (e.g. Ruggiero, 1996), anthropological thinking (e.g. Tett, 2021, pp.
xiv—xv) and economic thinking (e.g. Mankiw & Taylor, 2014, pp. 3-29).

= The arts and humanities — historical thinking (e.g. Andrews & Burke, 2007),
craft thinking (e.g. Ings, 2015), literary thinking (e.g. Langer, 1998) and
artistic thinking (e.g. Sullivan, 2001).

Despite all the work that has been done to describe many specific disciplinary
approaches, they have not previously been drawn together for comparison and
integration, which is what I aim to do here. But why draw them together at all? If
these disciplines are independently going about the work of describing what
constitutes their distinctive approaches, why not just leave them to it? Well,
one reason is that if these approaches are distinctive to each discipline, then
they are at least implicitly distinctive in relation to something else, such as
other disciplines. For example, the individual approaches of our three friends
entering the bar — whatever disciplines they are now drawn from — would, we
hope, become better defined in contrast to each other as the joke unfolds: there
is clarity in comparison.

Another reason to draw the approaches together is that disciplinary divisions
are often rather arbitrary and can mask the similarities and overlaps between
what different groups of people are doing and how they are doing it. Just as the
disciplines are related to each other in interesting ways, so are their approaches.
Because of this, anyone wanting to learn or apply a specific disciplinary
approach (such as design thinking) would benefit from understanding how it
relates to any approaches they are already familiar with, given their own
disciplinary background. They would also benefit from understanding how it
relates to other contrasting or complementary approaches, approaches that they
might also want to discover. However, such understanding might be hard to
arrive at because descriptions of these approaches are scattered through a large
and confusing set of literatures that are barely connected by references that cut
across disciplines. Furthermore, the courses that teach the approaches largely do
so in mutual isolation (e.g. for reviews of design thinking syllabi, see Wiesche
et al., 2018; Wrigley et al., 2018; Wrigley & Straker, 2017). The result is that
individual disciplinary approaches are difficult to locate, and the relations
between them are difficult to establish.

Fragmentation of the literatures, courses and communities related to discip-
linary approaches acts as a barrier to innovation. For example, referring to the
introduction of design thinking into management, Boland and Collopy (2004)
explained that ‘[t]he more ways of thinking we have available to us, the better
our problem-solving outcomes can be’ (p. 11). However, as we have seen,
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design thinking is only one of many ‘ways of thinking’ that we might wish to
select and implement. If someone from management or elsewhere became
interested in design thinking, how would they identify other approaches that
might also be complementary, whether systems thinking, entrepreneurial think-
ing or something else? Alternatively, if someone recognised that empathising
with users and customers was a valuable feature of both design thinking and
entrepreneurial thinking, how would they become aware of the related features
of anthropological thinking and economic thinking? Finally, if someone found
that the application of systems thinking was a valuable way of expanding their
understanding of the situations they were trying to intervene in, how would they
come to recognise that evolutionary thinking and geographical thinking might
also be useful for this? At present, the answer to all these questions would
unfortunately be, ‘with great difficulty!’

To address the problem of fragmentation, I here survey many of the disciplin-
ary ‘thinking’ projects that have been conducted and are ongoing. This allows me
to draw out the connections and contrasts between the projects, between the
approaches they have defined, and between the components that they have used to
build those definitions. To achieve this, I first offer a discussion of terminology
and scope to allow disciplinary approaches to be described more clearly, both at
the level of the individual disciplines and at the level of a more abstract unifying
concept. I then focus on the overall descriptions of disciplinary approaches,
investigating what kinds of things these approaches are, the extent to which
they are agreed on and the motivations for describing them. This sets the context
for presenting a collection of disciplinary approaches and the components they
are made up of, tabulated for convenient comparison, both within and across
disciplines. I then shift focus from individual descriptions of disciplinary
approaches to the ways in which they overlap, and the gaps between them.
I assess what the approaches are defined in contrast to, the extent to which they
are discipline-specific, the ways in which they might be transferred to other
contexts, and how sub-disciplines and inter-disciplines are handled. All this
motivates calls for a more coordinated cross-cutting project to define disciplinary
approaches. These calls are supported by a sketch of the limited kinds of
comparison and consolidation that are possible at present, and suggestions for
the kinds of work required to achieve greater coordination in future.

Overall, this work is aimed at supporting those who want to research, teach,
learn or apply any particular disciplinary approach to also identify the comple-
mentary or contrasting approaches that other disciplines have to offer.’

3 For example, the design research community have for many years talked about ‘designerly ways
of knowing’ (Cross, 1982), but this is just one specific form of ‘disciplinary ways of knowing’
(Messer-Davidow et al., 1993).
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More ambitiously, I also intend to stimulate interest in the general concept of
disciplinary approaches, rather than just the specific approaches that have
seemingly dominated people’s attention so far. I hope that is useful, even if it
is not very funny.

2 Establishing Terminology and Scope

As we’ll see, it is characteristic of the projects that define disciplinary
approaches that the same words are used to mean different things, and that
different things are meant by the same words. These observations can be made
not just across disciplines but also within them. While I aim to remain faithful to
the intended meanings of the authors I cite, adhering to their terminology too
closely would sometimes lead to a proliferation of distracting terms. Because
a certain consistency is required here, I have tried to standardise the language
used and apply that language across disciplines and authors, even if this
sometimes requires deviating from the original terms. In addition, because we
will be looking across multiple disciplines, connecting and comparing different
bodies of work, it is necessary to have some new terminology for concepts that
are more general than those that are required when only focussing on any single
discipline. For example, the term ‘disciplinary approach’ is only necessary if
one is interested in the type of thing that design thinking, systems thinking and
entrepreneurial thinking are.
There are five key terms to focus on here:

= Disciplines —I’ll use the terms ‘disciplines’ and ‘disciplinary’ to refer to forms
of coordination and control related to knowledge and behaviour. This is very
broad, but disciplines are most often exemplified by academic subjects (e.g.
mathematics, history) and professional practices (e.g. design, entrepreneur-
ship). In many cases, the boundaries between such subjects and practices are
blurred, because those working within academic subjects are expert practi-
tioners (e.g. mathematicians, historians), and professional practices are studied
and taught academically (e.g. design research and entrepreneurship training).”

Approaches — T’11 use the general term ‘approaches’ to refer to how practi-
tioners in a particular discipline see the world, orient toward it and act upon it.
This includes how they think, but also what they think about, what they know,
what skills they have, what they are inclined to do and the personal qualities
they exhibit. This use of ‘approach’ is intended to be inclusive of terms like

See Sections 6.2, 6.3 and 6.4 for a much more detailed discussion of disciplines, including
consideration of sub-disciplines and inter-disciplines, and an examination of whether something
like systems thinking should be regarded as a specific disciplinary approach or a general higher-
order thinking skill.
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disciplinary ‘thinking’, ‘mindset’ and ‘habits of mind’, without being
restricted to only cognitive abilities or characteristics.

Components —I’ll use the term ‘components’ to refer to the different parts or
ingredients that make up any disciplinary approach (e.g. a collection of
different ways of thinking or different things to pay attention to). Lists of
such components are often central to descriptions of what characterises the
approaches. These lists are typically unstructured, but can also be presented
in order of importance, arranged in a hierarchy or presented in some other
diagrammatic form. Either way, components are here taken to collectively
describe, define or represent the disciplinary approach. For example, some
components of the disciplinary approach called ‘design thinking’ might
include empathy, visualisation and creativity.

Variants — I’1l use the term ‘variants’ to refer to the different proposals that
have been made for any particular discipline’s approach. These variants are
typically proposed by different authors focussing on the same discipline, and
they are typically distinguished from each other by their differing lists of
components. For example, in discussions of design thinking, two different
authors (or sets of authors) might each propose their own variant of design
thinking, with one of those variants emphasising empathy, and the other not.
Projects — I’ll use the term ‘projects’ to refer to the collected attempts that
have been made to define specific disciplinary approaches, possibly including
numerous variants. For example, I’ll refer to the distributed efforts to define
‘design thinking’ as though they are a single project, even if the authors and
communities engaged in this work have not seen it as such. To be clear, | am
retrospectively grouping different authors’ work together and referring to
those works as a single project, without meaning to imply that there was
necessarily a well-coordinated effort toward a common goal.” This has the
benefit of allowing related literatures to be grouped together and easily
referred to for comparison and analysis.

See Figure 1 for an illustration of how these terms relate to each other and are
combined.

While projects aiming to describe individual disciplinary approaches need

not use any of the terms I have defined here, there is one term that is nearly
ubiquitous, and which also requires some care: ‘thinking’.° Many authors
append that word to a (modified) discipline name to label a disciplinary

5 It is a project in the same way we could talk of ‘the project of science’, even though not all

scientist (across scientific disciplines) are acting in a coordinated manner (e.g. see Schroyer, 1984,
p. 720; Tollefsen, 2020, p. 279).

© See Athreya and Mouza’s (2017) work for a review of definitions of thinking (§3.1) and

a discussion of types of thinking (§3.2).


https://doi.org/10.1017/9781009498685

https://doi.org/10.1017/9781009498685 Published online by Cambridge University Press

general concept [

specific forms [

variant titles
and authors

component
labels

design thinking
(Micheli etal., 2019)

« creativity & innovation

- user-centeredness & involvement
« problem solving

« iteration & experimentation
«interdisciplinary collaboration

« ability to visualize

« gestalt view

« abductive reasoning

« tolerance for ambiguity & failure
« blending analysis & intuition

design thinking

design thinking mindset
(Schweitzer et al., 2016)

« empathetic towards people’s needs and context
« collaboratively geared & embracing diversity

« inquisitive & open to new perspectives

« mindful of process & thinking modes

- experiential intelligence

« taking action deliberately & overtly

« consciously creative

« accepting of uncertainty & open to risk

« modelling behaviour

« desire and determination to make a difference
« critically questioning

project to define a specific disciplinary
approach (comprising different variants)

systems thinking
(Capra & Luisi, 2014)

« from the parts to the whole

« inherent multidisciplinarity

« from objects to relationships

« from measuring to mapping

- from quantities to qualities

« from structures to processes

- from objective to epistemic science
« from certainty to approximation

disciplinary approaches

\

systems thinking

\

systems thinking skills
(Richmond, 2016)

« dynamic thinking

« system-as-cause thinking
« forest thinking

« operational thinking

« closed loop thinking

- quantitative thinking

« scientific thinking

another project to define
another disciplinary approach

Figure 1 Diagram showing how the main concepts used in this work are related and combined. Starting at the top, there is a general concept

of disciplinary approaches, which design thinking and systems thinking (etc.) are specific forms of. Each form of disciplinary approach is

given different titles by different authors, and each author also typically lists a set of components that collectively make up the variant being

described. These variants collectively make up the project that the discipline is undertaking to describe its approach.
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approach, such as ‘design thinking’ or ‘mathematical thinking’. This is the case
even if those authors are not necessarily only discussing thinking, strictly
considered (we’ll return to this later). So, when I use terms like ‘design
thinking’ and ‘mathematical thinking’, I am referring to the labels commonly
applied to particular disciplinary approaches, rather than making a claim about
the cognitive basis of that approach. Also, for consistency, I generally refer to
specific disciplinary approaches in the form of ‘[discipline] thinking’, such as
‘geographical thinking’ and ‘anthropological thinking’, even if some authors
use alternative forms, such as ‘thinking geographically’ (P. Jackson, 2006) and
‘think like an anthropologist’ (Engelke, 2019). Furthermore, I use this standard
form to include descriptions of disciplinary approaches that are not always
labelled with the word ‘thinking’ at all, because other prefixes and suffixes
are also prominent, but are used with similar meanings:

= ‘mindset’ is used to characterise the approaches taken in entrepreneurship and
design, as in ‘entrepreneurial mindset’ (e.g. Daspit et al., 2023; Haynie et al.,
2010), ‘design mindset’ (Lavrsen et al., 2023) and ‘design thinking mindset’
(e.g. Schweitzer et al., 2016);

= ‘habits of mind’ is used to characterise the approaches taken in engineering
and mathematics, as in ‘engineering habits of mind’ (e.g. Lucas et al., 2014)
and ‘mathematical habits of mind’ (e.g. Cuoco et al., 1996);

= ‘attitude’ is used to characterise the approaches taken in science, as in
‘scientific attitude’ (e.g. Gardner, 1975; Gauld & Hukins, 1980; Noll, 1935)7;

= ‘logics’is used to characterise the approaches taken in entrepreneurship, as in
‘effectuation logics’ (e.g. Sarasvathy, 2021).

Just as something needn’t be called ‘[discipline] thinking’ to be included in my
analysis, it is also the case that something can be named in that way and still be
excluded. The main reason for such exclusions is where a reference to ‘[discip-
line] thinking’ is really a reference to a stage-based process, such as with
a ‘design thinking process’ (e.g. see Razzouk & Shute, 2012)." Similar distinc-
tions could be made between systems thinking and a systems modelling process
(e.g. see Meadows, 2008) or between scientific thinking and the scientific

N

Although they sound similar, I do not find work on ‘styles of thinking” (Crombie, 1988) and
‘styles of reasoning’ (Hacking, 1994) directly relevant here. This is because those terms are being
used to characterise different approaches taken in the history of science, rather than (for example)
the different approaches of different sciences.

Note that much of the confusion or disagreement in the design thinking discourse could be
resolved, or at least reduced, by specifying whether any description of, or claim made about,
design thinking is directed at a design thinking mindset, at a design thinking process or at design
thinking tools (other similar distinctions are discussed later). The same can be said for discourse
on the other disciplinary approaches.

%
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method (Gauld & Hukins, 1980). Such process descriptions are excluded here
even though disciplinary processes could influence disciplinary approaches,
and even though disciplinary approaches could involve practitioners having the
inclination to adopt certain processes. I still exclude such processes from my
analysis because descriptions of the stages that a practitioner follows, and the
activities performed at each stage, are quite different to descriptions of the
components that make up a practitioner’s thinking abilities, habits of mind,
attitudes, and so on. Examining the relationships between processes and
approaches is no doubt interesting, but I place that outside the scope of the
present work.”

Even having placed certain topics out of bounds, it is probably clear that the
scope of this work remains rather broad. This is because it is disciplinary
approaches — in general — that are of interest, rather than any specific disciplin-
ary approach. With so many disciplines to consider, it is difficult to know where
to start one’s investigations, and also difficult to know where to start in
illustrating one’s findings. However, I’ll begin with design thinking because
that might be expected to be of most interest to readers of this series, given that
design is so closely associated with creativity and imagination. Design thinking
is also, conveniently, one of the most prominent disciplinary approaches (see
Figure 2), and so for many readers, it will provide an accessible route into the
broad landscape of other approaches.

Having considered design thinking first, I’ll then move onto the other discip-
linary approaches that are most easily associated with it, or are thought to
complement it, such as systems thinking and entrepreneurial thinking. Next,
I’1l progress onto a range of other disciplinary approaches, including computa-
tional thinking, engineering thinking, statistical thinking, scientific thinking,
mathematical thinking, geographical thinking, historical thinking, anthropo-
logical thinking, and so on. Where possible, I’ll loosely follow that general
order with the aim of providing some consistency and permitting some antici-
pation of how and when disciplines will be referred to. However, this ordering is
not intended to imply some hierarchy of importance or relevance, and I hope
that readers who have interests in disciplines that appear later in the list — or
other disciplines altogether — are able to read this work in a way that easily
connects with their concerns. My intention is to emphasise the types of things
that disciplinary approaches are, and the types of relationships they have to each
other, irrespective of which particular disciplines are being considered.

 What is also out of scope is how disciplinary approaches are developed and applied. That might
sound strange, but I take the phenomenon of interest here to be the emergence of discussions
about disciplinary approaches in numerous disconnected literatures. It would be another study
entirely to understand how a person or group develop and adopt a specific disciplinary approach.
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Scientific thinking’ - 2102 scientific thinking

OR scientific attitide

Mathematical thinking I 62
Entrepreneurial thinking? . 1128

Economic thinking . 912

Historical thinking . 891

Statistical thinking B sss

Evolutionary thinking I 422

Engineering thinking? I 3% OR engiecting haiteof mind
Policy thinking | 365 Oftengineering mindset

Figure 2 Bar graph showing the relative prominence of twelve forms of
disciplinary approach in the scientific literature. The numbers represent the
count of documents returned when searching the Scopus database for each term
(title, abstract and keywords from 1954 until the search date of February 2023).
Where other similar terms accounted for more than 10 per cent of the documents
returned (or were determined to be significant from narrative review), these
were included. In total, the literatures associated with twenty-seven disciplinary
approaches were reviewed, and those returning the highest document counts are
presented here. See online Appendix A for the underlying data
(www.cambridge.org/Crilly).

3 Describing Disciplinary Approaches

Having made some clarifications about terminology and scope, let’s turn our
attention to the projects that seek to describe individual disciplinary approaches.
Why are those projects undertaken? Are the resulting descriptions consistent
with each other? And just what kind of thing is being described? We’ll look at
each of these questions in turn, before examining descriptions of individual
approaches in detail.

3.1 Why Describe Disciplinary Approaches?

A common feature of many of the projects describing individual disciplinary
approaches is an effort to direct attention away from the specifics of
a discipline’s practice and toward its intellectual or practical essence. In con-
trast, the disciplinary specifics — such as subject matter, tools and techniques —
are described as a distraction that misleads people as to what really characterises
or constitutes that discipline, especially the thinking involved. For example,
Brown (2008) famously contrasted the integrative and innovative role of
designers with the public’s perceptions of design as a merely stylistic activity:
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Historically, design has been treated as a downstream step in the development
process—the point where designers, who have played no earlier role in the
substantive work of innovation, come along and put a beautiful wrapper
around the idea [ ... but] design thinking can lead to innovation that goes
beyond aesthetics (pp. 2, 7).

What’s especially interesting is that it seems many disciplines feel misunder-
stood in the way Brown describes. This is stated particularly clearly in discus-
sions of geographical and historical thinking, approaches that many people
might imagine they already understand from their schooling:

the public perception of geography is as a fact-based rather than conceptual
discipline. This article is an attempt to challenge that Trivial Pursuit view of
geography; it argues against the view that our discipline is just a gazetteer of place-
names or a list of imports and exports, and makes a case for the power of thinking
geographically. Geography, | argue, enables a unique way of seeing the world, of
understanding complex problems and thinking about inter-connections at
a variety of scales (from the global to the local). (P. Jackson, 2006, p. 199)

historical thinking, in its deepest forms, is neither a natural process nor
something that springs automatically from psychological development. Its
achievement, | argue, actually goes against the grain of how we ordinarily
think. This is one of the reasons why it is much easier to learn names, dates,
and stories than it is to change the fundamental mental structures that we use
to grasp the meaning of the past. (Wineburg, 2010, p. 84)

Similar points have been made across a wide range of projects describing discip-
linary approaches. For example, systems thinking should not be mistaken for
computer modelling (Meadows, 2008, p. 6), computational thinking should not
be mistaken for computer programming (Wing, 2006, p. 34) and scientific thinking
should not be mistaken for scientific knowledge (Gauld & Hukins, 1980, p. 109).
Clearly, in describing disciplinary approaches, many people have been concerned
that their own disciplines have previously been confused for the specifics of their
subject matter or their techniques, rather than the underlying essence of their
practice, whatever that might be. Abstraction is seemingly the preferred way to
move beyond such distracting details, revealing what lies beneath.

A consequence of abstracting from the specifics of disciplinary practices is that
the resulting descriptions are no longer tied so closely to those disciplines’
traditional domains of application. As such, it is a feature of many projects that
they advocate for the wide-ranging applicability of the disciplinary approaches
that they are describing. These are approaches that can ostensibly be learnt by
many people outside the originating discipline and implemented by them in many
contexts or domains. For example, in promoting design thinking, Pressman
(2018) insists that it is ‘[n]ot just for architects or product developers, [but] can
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be applied across many disciplines to solve real world problems and reconcile
dilemmas [, ... in] politics and society, business, health and science, law, and
writing’ (pp. xvii—xviii). Similarly, but now considering systems thinking,
and especially the capacity to distinguish multiple system levels, Wilensky and
Resnick (1999) say that the need for this ‘arises in many different domains,
among many different types of learners’ (p. 3). To give just one more example,
Wing (2006) claims that, ‘[c]Jomputational thinking is a fundamental skill for
everyone, not just for computer scientists [and therefore ... | we should add
computational thinking to every child’s analytical ability’ (p. 33). In response to
this last proposal, Barr and Stephenson (2011) report on work that formalises the
components of computational thinking, with suggestions for how those can be
introduced across a range of school subjects, including maths, science, social
studies and language arts. So, once abstracted from their specific application
domains, and framed in general terms, many forms of disciplinary approach are
celebrated for their wide-ranging applicability: if only everyone would pay
attention, not get distracted by the details, and think like a practitioner of ...
[insert your favourite discipline here].

Although it is not the main focus of this present work, it is important to
acknowledge that the codification and application of disciplinary approaches is
seemingly successful. Representations of things like design thinking are typic-
ally driven by practical goals rather than deep conceptual commitments or
theoretical agendas. The challenge is capturing enough about the disciplinary
approach so that it can be understood and applied by others, often influencing
their own training and practice in a relatively short period. To this end, there are,
just as examples, accounts of the successful application of design thinking in
business contexts (Liedtka et al., 2013), of systems thinking in healthcare
development (Bashford et al., 2018) and of entrepreneurial thinking in institu-
tional restructuring (Jacob et al., 2003). Other disciplinary approaches are often
more oriented toward educational outcomes in school settings, but there too we
find reports of how training in specific disciplinary approaches positively
influences outcomes in the associated disciplines and sometimes also in others.
For examples, see studies of the effectiveness of training in computational
thinking (Scherer et al., 2019), mathematical thinking (Algani & Jmal, 2020),
evolutionary thinking (Novick & Catley, 2016), geographical thinking
(Karkdijk et al., 2013) and historical thinking (Keleszade et al., 2018).

3.2 Are the Descriptions Agreed Upon?

Despite the apparent success of promoting and applying disciplinary
approaches, there can be some inconsistency in the claims made about just
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what kind of thing they actually are. This has led to complaints, in many of the
projects, that the central concepts under consideration are not well understood.
For example, discussions of design thinking often engage with the problem of
how poorly defined the concept is, and how the term is used in overlapping and
conflicting ways. To illustrate, here are just three examples: Kimbell (2011) says
that ‘those who support [design thinking’s] application to business or more
broadly to public services or social problems, have trouble articulating what it
is” (pp. 288-289); Johansson-Skoldberg et al. (2013) say that ‘the design
thinking discourse ... has different meanings depending on its context’
(p- 121) and Patel and Mehta (2017) say that ‘[t]here is a lack of consensus
amongst prominent champions of design thinking about its precise definition’
(p. 516). The result of all this is that there are many attempts to explicitly make
sense of design thinking, either in general, or for specific communities (e.g. see
Antle, 2017; Inns & Mountain, 2020; Madson, 2021).

Although complaints about the diffuse meaning of design thinking point
exclusively at that term or concept, this really isn’t a problem that is unique to
just one disciplinary approach. The literatures on many other approaches have
also complained about the vague and inconsistent meanings of their terms. For
example, in describing systems thinking, Stave and Hopper (2007) explain that
‘although the goal of getting people to think more systemically is broadly shared
in the system dynamics community, the term “systems thinking” is used in
a variety of sometimes conflicting ways’ (p. 1). Or, writing of computational
thinking (CT), Shute et al. (2017) complain that ‘CT definitions vary in their
operationalization . .. The definition of CT is evolving as researchers begin to
aggregate knowledge about CT’ (p. 144). Or, writing of scientific thinking,
Gauld and Hukins (1980) say ‘[o]ne of the problems which faces a reviewer in
such an area as this is the lack of agreement about the meanings to be attributed
to various terms that are used’ (p. 131). To give just one more example, in
concluding an edited book focussed exclusively on mathematical thinking,
Sternberg (1996) writes that

In reading through the chapters of this volume, it becomes clear that there is
no consensus on what mathematical thinking is, nor even on the abilities or
predispositions that underlie it. If one were to start the volume with little
conception of the definitions of mathematical thinking, one might end the
volume with many conceptions whose relations to each other are not com-
pletely clear. (p. 303)

Seemingly, all significant projects to define and codify disciplinary approaches
have encountered the same problem of vague and varying meanings of their
central concepts. Each project discusses this problem as though it is
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a characteristic feature of the specific disciplinary approach being considered —
and an individual failing of that project —but really it is just a feature of all such
projects. Although only writing about scientific thinking, Gauld and Hukins
(1980, quoted above) offer a multi-point explanation for why this imprecision
prevails in that long-running project, an explanation that I here generalise to the
wider set of projects trying to describe any disciplinary approach: '

1. few projects to define a specific disciplinary approach engage with the
relevant research on more general forms of thinking, or habits of mind;

2. few projects connect with the philosophical study of the relevant discipline
(e.g. philosophy of design, philosophy of science), even though different
conceptions of the discipline would lead to different conceptions of that
discipline’s approach;

3. sometimes a specific disciplinary approach is defined as a single holistic
thing, and sometimes as being made up of a set of components;

4. where components are defined, this is often done without any indication of
the relationships between them; sometimes two or more components might
appear to be the same as each other, or they might overlap, or one might
subsume the other, or one might entail the other, and so on;

5. it is seldom acknowledged that some components might conflict with each
other, for example when those components describe practitioners as being
persistent yet flexible, or critical yet open-minded;

6. the lists of components that define any specific disciplinary approach have
typically been developed through consultation with subject matter experts or
practitioners, not psychologists, so the use of words like ‘thinking’, “atti-
tudes’ or ‘habits of mind’ need not conform to accepted technical under-
standings of those words (see Gauld & Hukins, 1980, pp. 130—-134).

Perhaps sitting above the six points provided by Gauld and Hukins is a more
general point: projects to define different forms of disciplinary approach strug-
gle with imprecision because those projects are very ambitious. Disciplines can
be large and complex things, with considerable variation in how individuals and
groups draw the boundaries around those disciplines, and also within them. The
practitioners and practices that make up those disciplines are also varied, and so
arriving at a simple yet comprehensive distillation of those practitioners’
disciplinary approaches is unlikely to be a simple process that yields consistent

19 As with the complaints in other disciplines, Gauld and Hukins (1980), say ¢ [o]ne of the problems
which faces a reviewer in such an area as this is the lack of agreement about the meanings to be
attributed to various terms that are used ... One is struck by the inadequacy, in the research
literature, of the theoretical framework within which discussion about what the scientific attitude
is and how it is measured takes place’ (p. 129).
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results. Rather than complaining, we could recognise that a multitude of defin-
itions for each disciplinary approach is a meaningful characteristic of the
projects, rather than a sign of their failure; we could embrace pluralism."' For
example, focussing on design thinking, Carlgren et al. (2016) tell us that ‘[t]here
is aneed for a description . . . that is less normative and static and that is specific
enough to be able to frame it as a concept, yet flexible enough to allow for
variety in its local use’ (p. 49). Looking to other disciplines, we see that
Sternberg (1996) does not just observe the inconsistent definition of mathemat-
ical thinking (as quoted above), but also notes that it could be an error to try to
identify any particular features that are common to all the various kinds of
mathematical thinking that are discussed (p. 303). Instead, Sternberg suggests
that what connects different conceptions of mathematical thinking is more
a matter of ‘family resemblances’ (after Wittgenstein, 1968, p. 32) or ‘proto-
types’ (after Rosch, 1973). In describing mathematical thinking — or any other
disciplinary approach — there might be some features that are characteristic, but
perhaps none of those features are necessary or definitive.

Reference to the concepts of family resemblances or prototypical class
members might help us to understand the relations not just between different
descriptions of a single disciplinary approach (such as two variants of design
thinking), but also between different disciplinary approaches (such as a variant
of design thinking and a variant of systems thinking). The outputs from a project
to define a particular disciplinary approach might all bear some resemblance to
each other or be related to some typical description, but there is not necessarily
any feature (or component) that they all share. Similarly, the various outputs
from projects to define different disciplinary approaches might also resemble
each other or some prototype, but they also need not necessarily have any single
common feature.'” For example, not every variant of design thinking contains
a component related to ‘empathy’. More generally, not every description of
a disciplinary approach needs to highlight the same perspective on that discip-
line, such as a practitioner’s mindsets or the focus of their attention. That might
cause some confusion — and seemingly frustration —but it is probably represen-
tative of what is happening. Those people describing disciplinary approaches
are looking at subtle, complex and shifting things (i.e. the actual disciplines) and
working to provide definite, simple and static descriptions of them (i.e. the
specified approaches). This is always done from those people’s own

" For a general discussion of theoretical pluralism, see (Griffiths, 1997).

12 We are here just moving between different levels of abstraction in the concepts being discussed,
relating variants to an individual disciplinary approach (specific-to-general), or different discip-
linary approaches to the overall concept of disciplinary approaches (specific-to-general) (see
Figure 1).
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perspectives, even if such perspectives are often left unstated. The resulting
descriptions of the disciplines are seldom offensive — and are often very useful —
to people from outside the disciplines. However, the same descriptions can seem
overly reductive to people inside the disciplines, people who adopt a more
critical orientation to the representation of something they already understand
well.

Despite confusion over definitions, one thing that is very consistent across the
different literatures that describe specific disciplinary approaches is that they
are each promoted, at least implicitly, as the good and proper way to think and
act, either within that discipline or more widely. For example, Kimbell (2011)
observes that ‘design thinking is meant to encompass everything good about
designerly practices’ (p. 289). Similarly, Daspit et al. (2023) recognise that the
study of entrepreneurial thinking has focussed exclusively on ‘the positive
aspect of the mindset’, and they note that researchers have not studied any
‘potentially deleterious effects’ (p. 24). Perhaps this positivity is not surprising,
as these projects to define disciplinary approaches typically aim to capture and
codify something like the behaviour of disciplinary experts, and both the
disciplines and the experts are viewed as valuable.'> However, an alternative
focus for projects looking to describe disciplinary approaches would be to
capture the weaknesses or biases of each discipline, including those exhibited
by its expert practitioners. For a rare example of such an analysis, see Blackwell
et al.’s (2008) critique of how descriptions of computational thinking have
unreflectively promoted abstraction. In contrast, these authors illustrate the
negative consequences of the overapplication of abstraction in computer sci-
ence, to the detriment of the products produced, the users’ experiences of those
products and society more generally. In a similar vein, design discourse has seen
criticisms of the indiscriminate promotion of empathy (Heylighen & Dong,
2019) and ambiguity (Stacey & Eckert, 2003). Although these two criticisms
don’t focus on design thinking, per se, they address concepts that are often
central to that disciplinary approach (e.g. see Micheli et al., 2019; Schweitzer
et al., 2016).

3.3 What Kind of Thing Is a Disciplinary Approach?

Some of the confusion and disagreement over disciplinary approaches might
stem from a lack of consistency over how disciplinary approaches are described
or categorised. If we ask what kind of thing design thinking is (or systems
thinking, etc.), it is often hard to find a complete or consistent answer in the
relevant literatures. To be clear, it is not hard to find arguments that a certain

13 For a criticism of this descriptive-prescriptive position, see arguments made by Vermaas (2016).
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discipline’s approach is important, should be widely understood, and is made up
of certain components. It’s that these such arguments are often made without
any clear discussion of just what kind of thing is important, and so on. Is that
disciplinary approach a set of skills, habits, inclinations or something else? We
generally can’t be sure.

Staying with design thinking as the example of central interest, it has
seemingly been considered as many different kinds of thing. Reviewing the
published work, Kimbell (2011) describes design thinking under three categor-
ies: ‘as a cognitive style, as a general theory of design, and as a resource for
organizations’ (p. 285). Similarly, Hassi and Laakso (2011) describe design
thinking as including ‘practices, thinking styles, and mentality’, each of which
includes ‘methods, values, and concepts’ (p. 1). In a later review, Schweitzer
et al. (2016) indicate that design thinking has variously been described in terms
of ‘design principles, thinking modes, creative behaviours and postures’ (p. 72).
Finally, in yet another review, Micheli et al. (2019) report that ‘some authors
have considered design thinking to be an organizational attribute, whereas
others conceive of it at the individual level, highlighting the traits of “design
thinkers™ (p. 125). So, even within the project to describe just one disciplinary
approach, we can see considerable variety in the types of things that approach is
taken to be or taken to include.

Looking beyond design thinking, Kaur and Craven (2020) say of systems
thinking that the ‘[d]efinitions put forward emphasise different foci, ranging
from systems thinking as a set of characteristics, systems thinking as comprised
of a purpose and what it does, or systems thinking as a system itself” (p. 193)."*
Similarly, Stave and Hopper (2007) acknowledge that ‘some system dynami-
cists see it [systems thinking] as the foundation of system dynamics as well as
a number of other systems analysis approaches; others see systems thinking as
a subset of system dynamics’ (p. 1). Turning to entrepreneurial thinking, Daspit
et al. (2023) review existing definitions of that approach and find it to be an
‘ability’, ‘rules of thumb’, ‘individual beliefs’, a ‘perspective’, personal ‘quali-
ties’, ‘motives, skills, and thought processes’ and a form of ‘thinking and
decision-making’ (p. 7). Clearly, it is not just design thinking that is thought
to be more than one kind of thing.

Descriptions of computational thinking might at first seem simpler because
Wing describes it as ‘a fundamental skill” (2006, p. 33) and ‘a kind of analytical
thinking’ (2008, p. 3717), which would straightforwardly make computational
thinking an analytical thinking skill (for a review of computational thinking as
way of thinking, see Selby & Woollard, 2014). However, in summarising the

14 Citations have been omitted.
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educational movement around computational thinking, Denning and Tedre
(2021) describe that movement as having settled on the following definition:
‘Designing computations that get computers to do jobs for us’ (p. 30). This
seemingly renders computational thinking as a design activity rather than
a thinking skill, although perhaps it’s the thinking skill required to undertake
such an activity. Looking elsewhere, Jackson (2006) describes ‘geographical
thinking’ as ‘a unique way of seeing the world’ (p. 199), and other disciplines
have offered similarly varied, and often similarly brief descriptions of the kind
of thing their approach is.

If we change focus, then we find that when the motivations behind descrip-
tions of disciplinary approaches are made explicit, this tends to be very reveal-
ing about the kind of thing that is actually being described. For example,
consider Andrews and Burke’s (2007), reflections on what they are trying to
achieve in defining historical thinking:

If our understandings of the past constituted a sort of craft knowledge, how
could we distill and communicate habits of mind we and our colleagues had
developed through years of apprenticeship, guild membership, and daily
practice ... ? (unpaged)

Note the similarities with Meadows’ (2008) description of her motivation for
writing a book about systems thinking:

one of the Dartmouth engineering professors watched us in seminars for
a while, and then dropped by our offices. ‘You people are different,” he said.
“You ask different kinds of questions. You see things I don’t see. Somehow
you come at the world in a different way. How? Why?” . .. That’s what [ hope
to get across in this book. (p. 6)

So, we could perhaps add craft knowledge to our list of things that disciplinary
approaches are. We could also add something that captures sow you come at the
world, while recognising that disciplinary approaches might be characterised by
the tacit knowledge that is accumulated through training, work and social
interactions.

In surveying just some of the projects that have tried to define their own
disciplinary approaches, we might learn that these approaches are described as
ways of thinking, habits of mind, perspectives, attitudes, cognitive styles,
thinking skills, craft skills, mindsets, logics, personal traits, perspectives, and
so on. However, if someone were to suggest that a particular way of thinking (or
habit of mind, or perspective, etc.) should be listed as a component of
a discipline’s approach, what criteria should be used to assess such a claim?
How do we establish what is to be included in — and excluded from — any
particular discipline’s approach? We seemingly will not find guidance on this in
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any of the projects we have been examining, but some hints can be found
elsewhere, in fact in a completely different body of work.

In discussing the context-bound nature of cognitive skills, Perkins and
Salomon (1989) offer four requirements for what they call ‘general cognitive
skills’. We can use these four requirements to limit what’s included in discip-
linary approaches, because these requirements seem to be already implicit in the
various projects that discuss those approaches:

it must be something that practitioners actually use (‘seeming use’);
it must play an important role in their practice;
it must be transferrable by those practitioners to other domains;

b=

it must be commonly absent from other disciplines (Perkins & Salomon,
1989, pp. 19-20).

Some projects would also — often implicitly — add an additional requirement:
5. it must be learnable by non-practitioners for application to their own domain."”

These requirements are useful to keep in mind because anyone in any
discipline might exhibit a great many different ways of thinking (or habits
of mind, or perspectives, etc.). However, not all of these will play an
important role in their practice, or perhaps cannot be transferred to other
domains (or other people), or might be commonly present in other discip-
lines. To give a simple example, designers might think numerically when
estimating a production run or dimensioning a product, but quantitative
analysis is not typically included in descriptions of design thinking because
it is not especially associated with the discipline of design. As Dorst (2011)
tells us, ‘many of the activities that designers do are quite universal, and thus
it would be inappropriate to claim these as exclusive to design or “Design
Thinking™’ (pp. 525-526). The same is true for all disciplinary approaches,
because in the complex realities of any practice, many different kinds of
things are done, not all of which are said to be characteristic. Rules for
deciding on what gets admitted to a description of a disciplinary approach
(like the five outlined above) are seldom stated, perhaps because that would

'3 Relevant to my goal here is that in considering two different forms of disciplinary approach,
Kelly and Gero (2021) offer a clearer concept than many of those who consider only a single
approach in isolation. Characterising design thinking and computational thinking, they say that
‘each was inspired by a body of knowledge and expertise—design and computer science,
respectively—that was recognized as valuable, and each can be understood as a transfer of
a way of thinking from a particular tradition to something that is useful far more broadly’ (p. 1).
This clarity is probably also assisted by their comparing these disciplinary approaches to higher-
order thinking skills like critical and creative thinking (discussed later).
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require comparison to other disciplines, a cross-disciplinary perspective that
is generally not adopted in the projects we are discussing here.

Considering all of the above, I propose the following working definition of
‘disciplinary approach’, one that seems to be consistent with a range of mean-
ings already apparent — even if implicit — in various literatures:

DEFINITION 1 — A disciplinary approach is a way of thinking (interpreted
broadly) that influences how practitioners in a particular discipline see the
world, orient toward it and act upon it. This approach is used by practitioners
in ways that are important to their practice, are distinctive to their discipline,
are commonly absent from other disciplines and are transferrable to other
domains. This approach is also sometimes required to be learnable by those
outside the discipline for application to their own domains.

Referring back to our consideration of family resemblances and prototypical
class memberships, this definition needn’t be read as a statement of all the
characteristics that any disciplinary approach will have, but as a list of the many
features that they draw from; a prototypical disciplinary approach might exhibit
many or all of them. I’ll revisit and expand this definition later, once we have
reviewed the components that various disciplinary approaches are made up of,
but for now, it will help to clarify the kind of thing these approaches are. Here
and later, even though a desire for clarity and consistency imposes some
restrictions on the definitions I propose, they are intended to describe current
usage rather than stipulating correct meanings.

4 Collecting Disciplinary Approaches

Having characterised, in a general sense, the ambitions and confusions of the
projects to describe disciplinary approaches, I now turn to considering their
outputs. I do this by tabulating the components of twelve disciplinary
approaches, starting with design thinking, systems thinking and entrepreneurial
thinking (Tables 1-3, respectively). I then extend this to computational think-
ing, engineering thinking, scientific thinking, evolutionary thinking, mathemat-
ical thinking, statistical thinking, geographical thinking, historical thinking and
anthropological thinking (Tables 4—12, respectively). Each table details just one
variant of each approach, including the original name provided by the authors,
a full list of its components, the definition of each component (where available)
and anything that the components are explicitly contrasted against. There is also
a summary of the main methods used to identify the components, and any
associated notes of clarification. This consistent tabulation permits comparison
within and across disciplines, and so interested readers will be able to investi-
gate matters that I do not consider here.
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4.1 What Is Design Thinking?

The term ‘design thinking’ means many different overlapping things. In scientific
studies of design cognition, it is sometimes used to describe the mental processes
and representations of designers (e.g. trained professionals) when they are under-
taking general or specialised design tasks (for a collection of works, see Hay et al.,
2020). However, this use of the term is largely (but not entirely) disconnected from
more popular uses that emphasise how adopting a design-like approach can benefit
a wide range of practices, professions and sectors (for a recent commentary on the
distinction, see Cross, 2023). This more popular interpretation of design thinking
is sometimes considered controversial for not representing the practices of expert
designers or for not acknowledging the skills required to apply design processes
(for an example critique, see Kolko, 2018). Nevertheless, the popular use of the
term prevails, typically emphasising empathy, visualisation, iteration and creativ-
ity. For example, these components can be seen in the variant of design thinking
summarised in Table 1, which is itself derived from other variants.

4.2 What Is Systems Thinking?

Just as with ‘design thinking’, the term ‘systems thinking” means many different
overlapping things. In some instances, it describes a form of thinking that is
taken to be central to disciplines like ecology (Stiling, 1994), or to systems-
focussed sub-disciplines, such as systems engineering and systems biology
(Camelia & Ferris, 2016; Momsen et al., 2022). In other instances, it is taken
to be the kind of thinking that is exhibited by (or required by) those who
construct specific systems representations, such as models of systems dynamics
(Richmond, 1993, 2016). However, ‘systems thinking’ is perhaps most com-
monly interpreted as a generally applicable thinking skill, or set of skills, that
can be applied across many practices, professions and sectors (e.g.
M. C. Jackson, 2003). These descriptions of systems thinking typically empha-
sise a focus on holism, relationships and interactions, as compared to analytic
reductionism. The variant summarised in Table 2, emphasises the biological and
ecological origins of some systems perspectives.

4.3 What Is Entrepreneurial Thinking?

Just as with ‘design thinking’ and ‘systems thinking’, the term ‘entrepreneurial
thinking’ also means many different overlapping things. In some instances, there
is a focus on the cognitive aspects of entrepreneurial behaviour (Grégoire et al.,
2011), while in others there is a focus on something more like the inclinations or
‘logics” employed by entrepreneurs (Sarasvathy, 2001). Descriptions of
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Table 1 Micheli et al.’s description of design thinking.

Published work: (Micheli et al., 2019)

Approach label: ‘Design thinking’

Main methods: Systematic review and card sorting

Note: These ten ‘principal attributes of design thinking” are distinguished from eight other methods that support them.

Component labels

Component definitions

Contrast

‘Creativity and
innovation’

‘User-centeredness and
involvement’

‘Problem solving’

‘Iteration and
experimentation’

‘Interdisciplinary
collaboration’

‘Ability to visualize’

‘Gestalt view’

The production and implementation of novel and useful ideas.

Gaining empathy for diverse groups, either through research or participatory processes to address

both expressed and latent needs.

Addressing ‘wicked’ or ‘ill-structured’ problems with confusing or incomplete information and
with conflicting values.

Trial-and-error learning based on testing a range of possible solutions as sketches and prototypes
(often with users). This triggers problem definition and experimental solution creation.

Bringing people together from different departments, units, organizations and functions to address
project complexity, and ensure that technical, business and human dimensions of a problem are
all represented.

Moving from abstract thinking to visualizing ideas and then using those visualizations to guide an
emerging rather than deterministic inquiry.

Adopting an integrative approach that enables both the development of a deeper understanding of
the problem context and the identification of relevant insights.


https://doi.org/10.1017/9781009498685

https://doi.org/10.1017/9781009498685 Published online by Cambridge University Press

‘Abductive reasoning’

‘Tolerance of ambiguity
and failure’

‘Blending analysis and
intuition’

The imagination of what might be (rather than the analysis of what is). Adopting an attitude toward
workable solutions that is assertion-based rather than evidence-based.

Accepting ‘equivocal information and failure’. Able to ‘embrace ambiguity and engage in iterative
cycles of trial-and-error experiments and stakeholder feedback’.

Combining a focus on research and evidence with ‘felt knowledge about patterns and holistic
associations’. Jointly emphasising ‘exploration and exploitation, reliability and validity, and
declarative and modal logic’.
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Table 2 Capra & Luisi’s description of systems thinking.

Published work: (Capra & Luisi, 2014, pp. 80—82)

Approach label: ‘Systems thinking’ (as contrasted with ‘Analytical thinking”)

Main method: Literature review (interdisciplinary)

Note: ‘[A]ll these shifts of perspective are really just different ways of saying the same thing. Systems thinking means a shift of perception
from material objects and structures to the nonmaterial processes and patterns of organization that represent the very essence of life’.

Component labels Component definitions Contrast

‘From the parts to the whole’ ‘Living systems are integrated wholes whose properties cannot be reduced to those of -
smaller parts. Their essential, or ‘systemic’, properties are properties of the whole,
which none of the parts have. They arise from patterns of organization that are
characteristic of a particular class of systems. Systemic properties are destroyed when
a system is dissected, either physically or conceptually, into isolated elements’.

‘Inherent multidisciplinarity’ ‘The systems view of life teaches us that all living systems share a set of common -
properties and principles of organization. This means that systems thinking is
inherently multidisciplinary. It can be applied to integrate academic disciplines and to
discover similarities between different phenomena within the broad range of living
systems’.

‘From objects to relationships’ ‘At each level the living system is an integrated whole with smaller components, while at —
the same time being a part of a larger whole. . . . Therefore, the shift of perspective from
the parts to the whole can also be seen as a shift from objects to relationships’.
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‘From measuring to mapping’

‘From quantities to qualities’
‘From structures to processes’
‘From objective to epistemic

science’

‘From Cartesian certainty to
approximate knowledge’

‘In science, we have been told, things need to be measured and weighed. But relationships
cannot be measured and weighed; relationships need to be mapped. . .. Networks,
cycles, and boundaries are examples of patterns of organization that are characteristic
of living systems and are at the center of attention in systems science’.

Mapping relationships and studying patterns is not a quantitative but a qualitative
approach. Thus, systems thinking implies a shift from quantities to qualities.

In systems science, every structure is seen as the manifestation of underlying processes.
Systems thinking includes a shift of perspective from structures to processes.

‘In Cartesian science, scientific descriptions were believed to be objective — that is,
independent of the human observer and the process of knowing. Systems science, by
contrast, implies that epistemology — the understanding of the process of knowing — has
to be included explicitly in the description of natural phenomena’.

‘In the systemic paradigm it is recognized that all scientific concepts and theories are
limited and approximate. Science can never provide any complete and definitive
understanding. In science, to put it bluntly, we never deal with truth, in the sense of
a precise correspondence between our descriptions and the described phenomena. We
always deal with limited and approximate knowledge’.
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entrepreneurial thinking typically emphasise many components that overlap with
design thinking, including an orientation toward customers and iterative problem
solving based on experimentation (Frederiksen & Brem, 2017). In contrast, the
variant of entrepreneurial thinking summarised in Table 3 focusses on five key
‘principles’ that entrepreneurs employ.

4.4 What |s Computational Thinking?

Just like the three disciplinary approaches already discussed, and those that are
discussed in the following sections, the term ‘computational thinking’” means
many different and overlapping things. (Terms like these are debated and
contested in similar ways across disciplines, and so I won’t now emphasise
that further.) Common to many descriptions of computational thinking is
a focus on the modes of thought that computer scientists exhibit, in comparison
to the skills required when using computers (e.g. Wing, 2006). Computational
thinking is sometimes distinguished from writing computer code, with
emphasis instead placed on how more general ‘practices’ like abstraction,

Table 3 Sarasvathy’s description of entrepreneurial thinking

Published work: (Sarasvathy, 2009, pp. 74—95)
Approach label: ‘Effectuation logic’ (in contrast to ‘Causal reasoning’)
Main method: Observation study

Component Component definitions Contrast
labels
‘The bird in the Start with the resources available to you (who —
hand principle’ you are, what you know and who you
know), rather than what you want to
achieve.
‘The affordable Focus on what you can afford to lose in -
loss principle’ pursuing an opportunity, rather than what
you stand to gain.
‘The lemonade Translate changing circumstances into -
principle’ opportunities (through action), rather than
viewing them as setbacks.
“The crazy quilt Enrol others into your venture on the basis of —
principle’ the resources they have and what they can

afford to lose.
“The pilot in the Work so as to shape the future, rather than -
plan principle’ trying to predict it.
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incrementalism, iteration and reuse can be applied in non-computational con-
texts (Barr & Stephenson, 2011). These components can be seen in the variant
of computational thinking summarised in Table 4, which is itself derived from
other variants.

Table 4 Kong’s description of computational thinking.

Published work: (Kong, 2019)

Approach label: ‘Computational thinking practices’

Main method: Literature review

Note: ‘The challenge of introducing Computation Thinking (CT) education to
K—12 is how to evaluate learners’ CT development. This study used
information from previous studies to identify essential components and methods
for evaluation’. These practices are distinguished from computational thinking
concepts: loops; conditionals; sequences; parallelism; data structures (such as
variables and lists); mathematical operators, functions and Boolean operators;
event handling; procedures; initialisation.

Component labels Component definitions Contrast
‘Abstraction’, [Abstraction is not defined] Modelling  —
‘modelling’ and requires people to ‘organize data,
‘modularising’ structure their thoughts, describe

relationships, and analyse proposed
designs’; Modularising requires
people to ‘build something large by
putting together collections of
smaller parts’.

‘Algorithmic thinking”  ‘Define the steps and develop -
instructions to solve a problem’.

‘Testing and ‘[S]everal attempts must be made before —
debugging’ all errors are eliminated’.
‘Being iterative and ‘[D]evelop a little bit, then try it out, —
incremental’ then develop more’.
‘Problem ‘[B]reaking down problems into —
decomposition’ smaller, more manageable tasks’.
‘Planning and Plan solutions before coding during Trial-and
designing’ programming. -error
‘Reusing and remixing”  ‘[P]roduce more complicated creations  —
by building on existing projects or
ideas’.
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4.5 What Is Engineering Thinking?

Engineering thinking is normally distinguished from engineering domain
knowledge. Different engineering disciplines draw from specific bodies of
scientific knowledge, such as mechanics, structures, electronics and materials.
In contrast, descriptions of engineering thinking emphasise how engineers
approach the problems they are addressing and the solutions they are develop-
ing (Lucas et al., 2014). Alternatively, because engineers draw on scientific
knowledge derived from disciplines such as physics and chemistry, engineering
thinking is sometimes distinguished from the scientific thinking that produced
such knowledge. In these instances, the focus is often placed on the engineer’s
drive to change situations rather than just understand them. This perspective is
emphasised in the variant summarised in Table 5, which has some similarities
with design thinking and entrepreneurial thinking, and includes systems
thinking.

4.6 What Is Scientific Thinking?

Like engineering thinking, scientific thinking is often described in contrast to
(scientific) domain knowledge, and like design thinking it is often described in
contrast to the specific methods applied (here, the scientific method). Rather
than emphasising knowledge and method, descriptions of scientific thinking
instead emphasise the ‘attitude’ of scientists or their ‘habits of mind’. Decades
of work have been done on this, often focussing on how scientists are inclined
toward accurate and critical thinking, valuing evidence over argumentation (see
reviews in Dunbar & Fugelsang, 2005; Gorman, 2006). The variant of scientific
thinking summarised in Table 6 is noteworthy for being formalised so much
earlier than many of the other disciplinary approaches reported here.

4.7 What Is Evolutionary Thinking?

Evolutionary thinking describes the ways of thinking that are useful for under-
standing processes of biological evolution, including variation, selection and
inheritance (Stearns, 2006; Suzuki, 2021). However, the widespread application
of evolutionary thinking to non-biological entities means that this disciplinary
approach can be seen in some accounts of how technologies, societies, ideas and
organisations change over time (e.g. Breslin, 2016). One of the features of
evolutionary thinking is flexibility in considering similarities between the
members of a group, considering the variation between those members, and
considering previous generations from which those members descended. This is
illustrated in the variant summarised in Table 7.
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Table 5 Waks et al.’s description of engineering thinking.

Published work: (Waks et al., 2011)

Approach label: ‘Engineering thinking’ in engineering design (in contrast to
“‘Scientific research’)

Main methods: Interviews and literature review

Note: ‘This paper presents a characterization of engineering thinking in general,

and electric and electronic engineering thinking, in particular, from the point of

view of experienced engineers. In addition, to highlight the uniqueness of

engineering thinking, we compare engineering thinking in engineering design

and research thinking in scientific research in the area of the exact sciences’. In

addition to these six components of ‘thinking’, there are also components of

‘Aims’, ‘Knowledge and tools’, ‘Environment’ and ‘Motivation for success’.

Component labels Component definitions Contrast

‘Synthesis, aspiration ~ ‘Build and assemble the elements  Analysis,

to understand how’ of the new system in order to aspiration to
meet the product’s understand
requirements . . . reorganizing why

elements into a new pattern or
structure through generating,
planning, or producing’.

‘Concrete thinking Considerer ‘human needs as Abstract
mainly’ perceived by human senses, thinking
and formulate them in more mainly

concrete terms than science . ..
predict undesirable effects and
find how to neutralize them if

they appear’.
‘Systems thinking’ ‘[L]ook at the whole, and the Thinking
parts, and the connections focused on

between the parts, studying the a theme
whole in order to understand

the parts’.
‘Advance toward the ~ Use ‘means-end analysis’ to Advance toward
desirable’ define the desirable features of the unknown

the product and plan
appropriate actions to realise
them.
‘Optimal solution’ ‘[S]trive to optimize the solution”  Global solution
in terms of ‘effectiveness,
minimal development time,
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Table 5 (cont.)

development simplicity, cost,
redundancy and their

combinations’.
‘Creative thinking and Employ ‘creative or ‘lateral’ -
algorithmic routine thinking’ in the very first stages
thinking’ of the development process to

develop new ideas. Then
employ a ‘sequential

process in which

every step has to be correct and
justified before moving to
subsequent stage’

(collectively this is ‘integrative
thinking’).

4.8 What Is Mathematical Thinking?

As with scientific thinking, the long history and high status of mathematical
practice have led scholars and researchers to devote considerable attention to
mathematical thinking (for a collection of views, see Sternberg & Ben-Zeev,
1996). Descriptions of mathematical thinking often emphasise aspects of
thought that are independent of specific mathematical operations (e.g. addition,
multiplication) and also independent of what those operations are applied to
(e.g. numbers, algebraic variables). Instead, the focus is on more abstract mental
activities that are characteristic of mathematical work, especially the more
creative aspects of that work, such as making conjectures and drawing infer-
ences. This perspective on mathematical thinking is emphasised in the variant
summarised in Table 8.

4.9 What Is Statistical Thinking?

Statistical thinking might be considered as a sub-type of mathematical thinking,
focussed on a subset of operations and a subset of applications. As with
mathematical thinking, the focus is typically not on specific knowledge or
techniques, but on the more general way in which statisticians learn about the
problem, recognise opportunities for variation and quantify that variation with
data (Chance, 2002). Different dimensions of statistical thinking can be identi-
fied that are widespread in other disciplinary approaches, including problem-
solving processes, general modes of thought and dispositions such as
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Table 6 Noll’s description of scientific thinking.

Published work: (Noll, 1935)

Approach label: ‘Scientific attitude’, comprising specific scientific ‘habits of
thinking’

Main method: Reflection on personal experience

Note: ‘The titles [of the habits] as listed are probably sufficiently clear to make
unnecessary any detailed description of each habit. They may, however, be
briefly defined for further clarity in terms of their opposites. (p. 148)’

Component labels Component  Contrast
definitions
‘Habit of accuracy in all — ‘[H]abits of careless,
operations, including inaccurate work’.

accuracy in calculation,
observation and report’

‘Habit of intellectual - ‘[H]abits as exaggeration and
honesty’ rationalization’.

‘Habit of openmindedness’ — Bigotry, prejudice, and

intolerance.

‘Habit of suspended - ‘[TThe habit of making snap
judgment’ judgments, or of jumping to

conclusions’.

‘Habit of looking for true - ‘[H]abits of superstitious
cause and effect thinking, of expecting
relationships’ rewards to come

without commensurate
effort’.

‘Habit of criticalness, - ’[H]abits of accepting
including that of self- explanations of phenomena
criticism’ without question, or without

attempt at evaluation’.

scepticism, imagination, curiosity and perseverance (Wild & Pfannkuch, 1999).
Some types of thinking that are more specific to statistics are summarised in the
variant presented in Table 9.

4.10 What Is Geographical Thinking?

The term ‘geographical thinking’ is used to describe the perspectives and
approaches that expert geographers exhibit and that geography educators
want to encourage in their students. As with the other disciplinary approaches


https://doi.org/10.1017/9781009498685

https://doi.org/10.1017/9781009498685 Published online by Cambridge University Press

32 Creativity and Imagination

Table 7 O’Hara’s description of evolutionary thinking.

Published work: (O’Hara, 1997)
Approach label: ‘Systematics’ (Evolutionary thinking)
Main method: Literature review

Note: Typological thinking is referred to here as ‘typology’, but the term
‘typological thinking’ is used in the same sense elsewhere. Typological thinking
is sometimes considered pre-Darwinian and is offered as a contrast with

population and tree thinking (but see Lewens, 2009).

Component Component definitions

Contrast

labels

‘Typological ~ An essentialist view that holds an instance to be
thinking’ an example of a type (variation is error).

‘Population A view that individual instances are members of
thinking’ a population that exhibits variation.

‘Tree A view that individual instances are descended
thinking’ from ancestors, and inherit their traits.

Table 8 Burton’s description of mathematical thinking.

Published work: (Burton, 1984)
Approach label: ‘Mathematical thinking’
Main method: Reflection on personal experience

Note: ‘The following axiom underpins the approach: Thinking is the means
used by humans to improve their understanding of, and exert some control over,

their environment’.

Component Component definitions
labels

Contrast

‘Specializing”  Examining particular examples to explore a more
general a question or problem (promoting
induction).

‘Conjecturing’  Exploring, expressing, and then substantiating
the relationships and underlying patterns that
connect different particular examples.

‘Generalizing’  Creating order and meaning by advancing
general claims about patterns and regularity.

‘Convincing’ Testing generalizations until they are convincing
(both for the thinker and the wider world).
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Table 9 Wild and Pfannkuch’s description of statistical thinking.

Published work: (Wild & Pfannkuch, 1999)

Approach label: ‘Statistical thinking’

Main methods: Student and expert interviews

Note: These ‘types of thinking” are described as fundamental to statistical
thinking. Other types are described as ‘general’, including ‘strategic thinking’,
‘seeking explanations’, ‘modelling” and ‘applying techniques’.

Component labels Component definitions Contrast
‘Recognition of the “The recognition of the inadequacies of  —
need for data’ personal experiences and anecdotal

evidence leading to a desire to base
decisions on deliberately collected
data’.
‘Transnumeration’ ‘[Florming and changing data —
representations of aspects of a system
to arrive at a better understanding’.
‘Consideration of The recognition of ‘omnipresent —
variation’ variation’, requiring ‘learning and
decision making under uncertainty . . .
the purposes of explanation,
prediction, or control’.

‘Reasoning with Model-based or framework-based —
statistical models’ thinking, where the models and
frameworks are unique to the statistical
approach.
‘Integrating the ‘The raw materials on which statistical -
statistical and thinking works are statistical
contextual’ knowledge, context knowledge and the

information in data. The thinking itself
is the synthesis of these elements to
produce implications, insights and
conjectures’.

described here, there are debates over which definitions to use, which
components to include and whether or not there is value in the overall
concept (for a collection of views, see Brooks et al., 2017). Again, the
focus is not typically on geographers’ domain knowledge (e.g. national
import data) or practices (e.g. cartography), but on the more abstract and
generally applicable matters that they devote their attention to, such as
analysis at different levels of abstraction, and the relationships between
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Table 10 Jackson’s description of geographical thinking.

Published work: (P. Jackson, 2006)

Approach label: ‘Thinking geographically’

Main methods: Reflection on personal experience

Note: Motivated by the objective of focusing people’s attention on the
conceptual nature of the discipline. ‘Relational thinking” is described as being
of a “different order’ to the preceding three pairs of concepts.

Component Component definitions Contrast
labels
‘Space and Distinguishing and relating concepts of —
place’ physically defined spaces and socially
meaningful places.
‘Scale and Engaging with a hierarchy of scales from the -
connection’ body to the global, and relating them to each

other (e.g. in terms of causation).
‘Proximity and  Considering physical, social and imagined -

distance’ distances, and how these can and cannot be
bridged.
‘Relational Focussing on the similarities and differences of —
thinking’ the geographies of ‘us and them, self and
other’.

things at those different levels. This can sound like a form of systems
thinking, as exemplified by the variant summarised in Table 10.

4.11 What Is Historical Thinking?

The term ‘historical thinking’ is generally used to describe how historians think
and what they think about, in contrast to the sequences of events that are
sometimes taken to be matters of historical record. For example, some accounts
of historical thinking state that when seeking to understand people in the past,
historians are required to navigate the tension between the ways in which those
people are familiar to us due to our common humanity and yet strange due to
differing contexts and values (Wineburg, 2010). There is a clear connection here
to accounts of anthropological thinking (see next section), and thus design
thinking. Other accounts of historical thinking focus on more general concepts,
such as significance, evidence, continuity, change, cause and consequence
(Seixas, 2017). This links historical thinking to systems thinking, which is
especially evident in the variant summarised in Table 11.
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Table 11 Andrews & Burke’s description of historical thinking.

Published work: (Andrews & Burke, 2007)

Approach label: ‘Historical thinking’

Main method: Reflection on personal experience

Note: Motivated by the question of ‘how could we distill and communicate habits
of mind we and our colleagues had developed through years of apprenticeship,
guild membership, and daily practice’.

Component Component definitions Contrast
labels
‘Change over  Attending to the things that stay — —
time’ the same and the things that
change.
‘Context’ Focussing on telling stories -

through establishing the
relevant context.

‘Causality’ The use of argumentation and Scientific (experimental)
evidence (rather than methods of
experimentation) to construct establishing causality

accounts of causal relations.
‘Contingency’  Acknowledging the -
interconnectedness of
outcomes, which are
dependent on many prior
conditions.
‘Complexity”  Analytical rigour in making —
sense of moral,
epistemological and causal
complexity.

4.12 What Is Anthropological Thinking?

The term ‘anthropological thinking’ (and similar terms) refers to the general
approaches that anthropologists take to the world. These can be conceptual
approaches, such as attending to culture, values, identity and authority
(Engelke, 2019), or methodological approaches, such as comparison (Binah-
Pollak et al., 2024). Interestingly, Binah-Pollak et al., emphasise the adoption of
a holistic perspective when considering cultural context, so that the entire system
of relevance is attended to, linking to systems thinking. Much of anthropological
thinking is focused on understanding groups of people and the contexts they
operate in. As such it can be seen as an elaboration of the empathy component


https://doi.org/10.1017/9781009498685

https://doi.org/10.1017/9781009498685 Published online by Cambridge University Press

36 Creativity and Imagination

Table 12 Tett’s description of anthropological thinking.

Published work: (Tett, 2021, pp. xiv—xv)

Approach label: ‘Anthrovision” (Anthropological thinking)

Main method: Reflection on personal experience

Note: Described as ‘three core principles of the anthropology mindset’.

Component Component definitions Contrast
labels
‘Empathy and ~ Recognise what seems strange in unfamiliar -
diversity’ settings and work to understand why things
are the way they are.
‘Self-insight’ Recognise what you learn about yourself -
through working to understand others.
‘Blind spots’ Focus on what people (and you) aren’t talking -

about and don’t understand.

often emphasised in descriptions of design thinking. For example, empathy
makes up the first component of anthropological thinking in the variant summar-
ised in Table 12, with the other two components developing that further.

4.13 What about Other Approaches and Other Variants?

The twelve disciplinary approaches tabulated above are clearly just a subset of
those that have been described in the various relevant literatures. This limitation is
partly imposed by space constraints, but I have also restricted the tables to those
approaches for which I found neatly delineated sets of components. I have omitted
other approaches that have been described but seemingly not decomposed in this
way, even if I discuss them in other sections.'® These approaches include artistic
thinking (e.g. Sullivan, 2001), craft thinking (e.g. Groth, 2016; Ings, 2015),
technological thinking (e.g. Gorman, 2006), architectural thinking (e.g. Frascari,
2009), systems-architectural thinking (e.g. Aier et al., 2015), economic thinking
(e.g. Heyne et al., 2013) and data-scientific thinking (e.g. Cao, 2018; Gould, 2021).
Even for those approaches that are tabulated in this section, only one example
variant is offered for each. For some or all of these approaches, there are other
variants available in the literature, which can be tabulated in a similar way. Again,
due to space constraints, these cannot all be summarised here for comparison, but
online Appendix C (available at www.cambridge.org/Crilly) does tabulate other

1 This is why the twelve approaches tabulated here are not identical to the twelve illustrated in
Figure 2.
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variants of design, systems, entrepreneurial and computational thinking (to illus-
trate differences between variants, and to support interpretation of a later figure).

5 Reviewing Components of Disciplinary Approaches

In earlier sections, we looked at variations in the kinds of things that discip-
linary approaches are claimed to be, and also disagreements over the resulting
descriptions of those approaches. Although the overall definitions of individ-
ual disciplinary approaches can vary greatly, these definitions are often
accompanied by a description of the components that make up those
approaches, as illustrated in Tables 1-12. If we want to better understand
what these approaches really are and how they are related to each other then it
is instructive to examine these components because they are the smaller parts
from which each disciplinary whole is made up. This is especially important
because sometimes the kinds of things that the parts seemingly are, are not
consistent with each other, or are not consistent with the kinds of things that
the wholes are claimed to be.

5.1 Are They Really about Thinking?

At the most general level, the various projects to define the disciplinary
approaches are referred to in terms of ‘thinking’, such as ‘design thinking’,
‘thinking geographically’ and ‘thinking like an economist’. It is certainly true
that many of the components that each disciplinary approach is divided into
appear to describe something to do with thinking. Taking design thinking as an
example, one of the components that is often proposed is a specific mode of
logical reasoning called ‘abduction’ (e.g. Dorst, 2011; Kimbell, 2011, p. 297;
Micheli et al., 2019, p. 132). This can be distinguished from other modes of
reasoning that are emphasised in other disciplinary approaches, such as deduc-
tion and induction in the natural sciences (e.g. Dunbar & Fugelsang, 2005,
p. 712) and related components in mathematical thinking (Burton, 1984, p. 38).
However, while these modes of logical reasoning might be considered as ways
of thinking, other components might be more accurately regarded as objects of
thought. For example, in whatever way people are thinking, they might think
about ‘non-linearity’ (listed in Arnold and Wade’s (2015) description of sys-
tems thinking) or about ‘scale and connection’ (listed in Jackson’s (2006)
description of geographical thinking).

Although various components of various disciplinary approaches are related
to modes or objects of thought, this is just a subset of the types of components
that are described. Examining each approach in detail reveals considerable
variation in what the components describe, and this variation is visible not
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just between disciplinary approaches, but also within them, and within individ-
ual variants. For example, some components are seemingly a reference to

= modes of thought, such as those described above, but also ‘abstraction’ (listed
in Barr and Stephenson’s (2011) description of computational thinking);

= objects of thought, such as those described above, but also ‘contingency’
(listed in Andrews and Burke’s (2007) description of historical thinking);

= objects of attention, such as the ‘blind spots’ that others overlook (listed in
Tett’s (2021) description of anthropological thinking);

= capacities or abilities, such as ‘empathy’ (listed in Schweitzer et al.’s (2016)
description of design thinking);

= actions that are taken, such as ‘the crazy quilt principle’ of collaboration
(listed in Sarasvathy’s (2009) description of entrepreneurial thinking);

= processes that are followed, such as ‘iteration and experimentation’ (listed in
Micheli et al.’s (2019) description of design thinking);

= artefacts that are constructed, such as visualisations and models, but also ‘the
minimum viable product’ (listed in Frederiksen and Brem’s (2017) descrip-
tion of entrepreneurial thinking)

= things that are accepted, tolerated or embraced, such as ‘ambiguity and
failure’ (listed in Micheli et al.’s (2019) description of design thinking).

Given the various types of components that make up disciplinary approaches, one
interpretation is that these approaches aren’t necessarily about thinking after all.
Perhaps projects describing disciplinary approaches have just used the word
‘thinking’ loosely, to indicate that we are now focussing more on how practitioners
generally go about their work rather than the specific subject matter that they work
with or the tools they use. Perhaps descriptions of disciplinary approaches are
intended to include not just attitudes and inclinations, but also things like physical
actions, processes and outputs. This inclusive meaning of thinking might fit better
with the comparatively neutral term I have been using throughout: ‘disciplinary
approach’. Disciplinary approaches, on this account, needn’t describe ways of
thinking, as such, but could still describe aspects of practice that are at once
characteristic of a particular discipline, while also being abstracted or generalised
so that they can be understood as more widely applicable beyond that discipline.
Another interpretation is that these projects to define disciplinary approaches are
indeed focussed on thinking, but that the various components they list have not
always been clearly described that way. For example, perhaps those components
that are seemingly describing actions, processes and outputs, should in fact be read
as descriptions of the way practitioners in the relevant disciplines think about those
things. For example, designers and engineers are known for constructing and testing
provisional representations through ‘prototyping’ (e.g. Lucas et al., 2014; Micheli
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et al., 2019; Schweitzer et al., 2016), which is seemingly an action or activity
involving an artefact. However, what if referring to prototyping as a component of
a disciplinary approach might really mean something a bit different? What if it
means the inclination to prototype, the motivation to do so, the value assigned to the
resulting learnings, the willingness to respond to those learnings, the habit of
engaging in it repeatedly and the overall atfitude taken toward it? By framing
‘prototyping’ in this way it becomes more like a way of thinking than an activity.
We might apply the same broad interpretation to other components that are seem-
ingly framed as actions, processes or representations, but could instead be reframed
to seem more like thinking.

5.2 Can Taxonomies of Thinking Help?

Given the common use of the term ‘thinking’ in describing disciplinary
approaches and their components, it is perhaps surprising that general taxonomies
of thinking have seemingly not been widely consulted. For example, the Cattell-
Horn—Carroll theory of cognitive abilities provides structured representations of
the varieties of human intelligence and achievement. The current and expanded
version has six high-level categories, including ‘memory and efficiency’,
‘acquired knowledge’ and ‘reasoning’, and over eighty low-level items, including
‘induction’, ‘general sequential reasoning’ and ‘ideational fluency’ (Flanagan &
Dixon, 2014). Many other such classifications of cognitive abilities can be
identified (for a collection, see Newton, 2005), and there are related models
showing how such abilities are connected to learning (e.g. Shute, 1994).

Focussing less on abilities, is Costa and Kallick’s (2008) set of sixteen ‘habits
of mind’, a list of attributes that characterise the approaches taken by people
from all disciplines, including their many skills, attitudes, experiences and
inclinations. This list was derived from studies of what successful people do
‘when they are confronted with problems to solve, decisions to make, creative
ideas to generate, and ambiguities to clarify’ (p. 1). On the face of it, this is
exactly what the projects to define disciplinary approaches are trying to identify
and include. In fact, Costa and Kallick’s (2008) sixteen habits of mind include
some that can be mapped directly to particular components of the disciplinary
approaches we have been considering so far, including

= ‘listening with understanding and empathy’ (e.g. see design thinking’s char-
acteristic of being ‘empathetic’, as reported by Schweitzer et al., 2016);

= ‘taking responsible risks’ (e.g. see entrepreneurial thinking’s principle of
‘affordable loss’, as reported by Sarasvathy, 2009);

= ‘striving for accuracy’ (e.g. see scientific thinking’s ‘habit of accuracy’, as
reported by Noll, 1935).
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Taxonomies that provide a structured understanding of thinking, learning and
habits of mind are clearly relevant to how we might consider disciplinary
approaches. As such, perhaps we might expect that the projects to define
those approaches would start with the identification or development of
a discipline-neutral taxonomy that could be drawn on for this purpose.
However, such taxonomies are seldom mentioned. Instead, when individual
projects develop descriptions of disciplinary approaches that are divided into
components, these components are seemingly developed in an ad hoc fashion.
They are generally not drawn from existing lists or hierarchies (for an excep-
tion, see Lucas et al.’s (2014) description of engineering thinking, which is
connected to Claxton’s notion of ‘learning power’ (Gornall et al., 2005, p. 6)).

As we saw earlier, the various projects that have focussed on defining
disciplinary approaches have typically not been particularly precise in defin-
ing what kinds of things their approaches are (i.e. whether they are a way of
thinking or something else). It is now apparent that those projects also haven’t
been very precise about what kinds of things the components of their
approaches are either. To put it another way, more effort has seemingly gone
into identifying and naming the various components that make up each
discipline’s approach than has gone into establishing what kinds of things
those components are, and how those relate to the kind of thing that the
disciplinary approach is. However, I’ll here lean toward ‘thinking’ being the
emphasis that is sought in these projects, rather than something more activity-
oriented, such as doing or making. This is consistent with the titles these
projects have generally given themselves (design thinking, etc.), and the way
the projects are introduced (understanding how designers think, etc.). As such,
I’1l expand my earlier working definition with this in mind, now focussing on
the components from which the approaches are made up, with revised content
italicised:

DEFINITION 2 — A disciplinary approach is a way of thinking (interpreted
broadly) that influences how practitioners in a particular discipline see the
world, orient toward it and act upon it. Such approaches are often described
as a set of components, which can be identified as ways of thinking, objects of
thought, thinking skills, cognitive styles, habits of mind, mindsets, craft
knowledge, attitudes, logics, perspectives, inclinations, dispositions, per-
sonal traits, values and perspectives (as distinct from subject matter know-
ledge, processes, actions, techniques, tools and outputs). These components
are limited to those that are used by practitioners in ways that are important to
their practice, are distinctive to their discipline, are commonly absent from
other disciplines and are transferrable to other domains. The overall approach
and its components are also sometimes required to be learnable by those
outside the discipline for application to their own domains.
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From now on, I’ll use this definition, without implying that it captures all the
meanings out there, or even that all those meanings can be captured by a single
definition.

6 Examining Claims about Disciplinary Approaches

Having now drawn the disciplinary approaches together and examined them
closely, I will focus on how they are related to each other. For example, if
designers must understand, intervene in and develop systems, then what are the
connections between design thinking and systems thinking? Or, if design
thinking can be applied to business contexts, and if entrepreneurs design
businesses, then what overlaps might we find between design thinking and
entrepreneurial thinking?'” What connections might each of these approaches
have to each other, and also to still other approaches, such as computational
thinking? Questions like these can be framed in much more general terms and
thus asked of all the disciplinary approaches that we have been considering.
Such questions might lead us to further examine whether the disciplinary
approaches are defined in relative or absolute terms, whether they are really
discipline-specific or discipline-neutral, and whether sub-disciplines and inter-
disciplines have been adequately accounted for.

6.1 What Are Disciplinary Approaches Defined Relative to?

One thing that we might wonder about when considering different disciplinary
approaches, is what each particular approach is being contrasted with. For
example, are the characteristics of design thinking somehow distinctive in
themselves? Or, is it that they are distinctive in comparison to the approaches
taken in some alternative disciplines such as science or art? Or is it that they are
distinctive in comparison to some ‘normal’ or ‘conventional’ way of approach-
ing things? The same questions could be asked across the range of disciplines
that have undertaken projects to define their specific — yet generalisable —
approaches. However, perhaps because each discipline has undertaken its own
project in isolation from the others, there are only a few cases where the
components of a disciplinary approach are defined in contrast to anything
else. Here are two examples though: Richmond’s (2016) definition of the
components of systems thinking are compared with their opposites, which are
associated with ‘traditional business thinking’, and Grimes and Vogus’ (2021)
definition of the components of entrepreneurial thinking are compared with

17 For example, note that Peschl et al.’s (2021) description of entrepreneurial thinking is very
similar to Micheli et al.’s (2019) description of design thinking, with many of the components
being defined in near-identical ways.
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alternatives from ‘conventional thinking’. Perhaps a more definite and
elaborated contrast is drawn by Waks et al. (2011) in their description of
engineering thinking in comparison to the thinking required in ‘scientific
research’ (see Table 5).

Pairings such as those described above do a lot to clarify what is meant by
each component of a disciplinary approach because those components are then
defined relative to some explicitly specified alternative. However, these pairings
also generally take the form of making contrasts between the comparatively
well-defined components under consideration and alternatives that are only
loosely defined. What I mean by this is that while authors interested in their
own disciplinary approach will cite other work on that approach and describe
the components from which it is made up, any reference they make to some
other discipline’s approach will typically not draw from any relevant literature,
and might assume it has not been decomposed. It’s as though these authors are
implicitly saying that ‘our disciplinary approach is complex, nuanced and
debated, whereas theirs is simple, well understood and agreed upon’ (for an
example of this being recognised, see Coelen & Smulders, 2023, p. 403).

Although the individual components of one disciplinary approach are seldom
actually defined in relation to (or in contrast to) the components of another
established disciplinary approach, the overall approaches are sometimes com-
pared. Given the rarity of such comparisons, spread across numerous literatures,
it is valuable to explicitly acknowledge those that exist. For example, there are
well-founded comparisons between design thinking and several other disciplin-
ary approaches, including systems thinking (e.g. Buchanan, 2019; Litster et al.,
2023; Pourdehnad et al., 2011), entrepreneurial thinking (e.g. Christensen et al.,
2023; Garbuio et al., 2018; Klenner et al., 2022; Varadarajan, 2019) and
computational thinking (e.g. Denning, 2013; Kelly & Gero, 2021). Going
beyond such pair-wise comparisons, Patel and Mehta (2017) consider frame-
works of design thinking, systems thinking and entrepreneurial thinking
through a detailed review of the three relevant literatures and case studies of
their integrated application in practice. Very unusually, Lewrick et al. (2018)
actually describe such integration as characteristic of a design thinking mindset,
saying that ‘[a]s the situation requires, we combine different approaches with
design thinking, data analytics, systems thinking, and [entrepreneurial think-
ing]” (p. 9; also see §3.1 and §3.3).

That’s all focussed on design thinking, but if we consider other disciplinary
approaches, then there are similarly well-founded comparisons between com-
putational thinking and mathematical thinking (e.g. Rycroft-Smith & Connolly,
2019; Sneider et al., 2014), and between computational thinking and systems
thinking (Easterbrook, 2014; Shin et al., 2022). Again, going beyond pair-wise
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comparisons, Lucas et al. (2014) discuss engineering habits of mind in contrast
to those found in mathematics and science (with reference to similar projects in
those disciplines). Similarly, Gould (2021) describes data-scientific thinking as
including decreasing proportions of statistical thinking, computational thinking
and mathematical thinking. Even more wide-ranging is Shute et al.’s (2017)
discussion of computational thinking in comparison to mathematical thinking,
engineering thinking, design thinking and systems thinking (again with refer-
ence to projects in those disciplines).

Some authors have clearly recognised that the forms of disciplinary approach
they are interested in (whether that is just one or a few) can be related to others,
each of which has its own literature. However, note that although these various
works compare different disciplinary approaches, they typically describe what-
ever collection of approaches they are engaging with as though they form some
naturally occurring set, or the only set available. They don’t indicate that they
are looking at just one of many possible subsets. For example, Kelly and Gero
(2021) describe design thinking and computational thinking as ‘the only two
forms of thinking to gain prominence since the turn of the 21st century’ (p. 2),
and Shin et al. (2022) say that to ‘fully explain complex phenomena or solve
problems using models requires both systems thinking (ST) and computational
thinking (CT)’ (p. 933). There are seemingly very few examples where discip-
linary approaches are described not as a small, bounded set, but as a general
class that is (or can be) populated with contributions from almost any discipline.
Perhaps the clearest exception to this is found in the epilogue of Denning and
Tedre’s (2019) book on computational thinking, where they point out that

everyone thinks their own field’s ways of thinking (and practicing) are
valuable and worthy of learning in many other fields. Enthusiasts want to
spread the gospel of success to other fields. The list of ‘thinkings’ to be spread
is long: computational thinking, logical thinking, economic thinking, systems
thinking, physics thinking, mathematical thinking, engineering thinking,
design thinking, . .. and more (p. 213).

Denning and Tedre do not then analyse or compare these various disciplinary
approaches or the projects they originate from, but they do acknowledge that
variety, which is seemingly very rare.'® In fact, just conducting simple literature

'8 Also see Rapoport’s (2002) discussion of how the legal education system aims to train students in
thinking like a lawyer: “Why are we so fixated on the “thinking” process, rather than the “doing”
process? No one expects a doctor to “think” like a doctor when she leaves medical school. We
expect her to be a doctor. The same is true of those who have been trained as engineers, research
scientists, car mechanics, and air traffic controllers. ... Even the most abstract philosopher
“does” something in addition to “thinking”: he publishes his thoughts and tentative conclusions
in a way that furthers the discourse of philosophy’ (pp. 92-93).
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Figure 3 Illustration of the relative prominence of four forms of disciplinary
approach in the scientific literature, both in terms of when they are referred
to in isolation and when they are referred to in combination. The numbers
represent the count of documents returned when searching the Scopus database
for each term using Boolean operators (title, abstract and keywords from 1954
until the search date of February 2023). See online Appendix B for the
underlying data.

searches for works on disciplinary approaches reveals the very small number of
those works that focus on two or more approaches in comparison to those that
focus on just one approach (see Figure 3). Similarly, it can be observed that even
the most cited works describing one disciplinary approach (e.g. Wing’s descrip-
tion of computational thinking) are seldom cited in works describing other
disciplinary approaches (e.g. various descriptions of design thinking) (see
online Appendix B, available at www.cambridge.org/Crilly).

6.2 Are These Approaches Really Discipline-Specific?

There is a duality at the centre of discussions about disciplinary approaches.
On the one hand, these are approaches that are claimed to be discipline-
specific: they characterise the particular disciplines that give them their
names (e.g. design thinking). On the other hand, these are approaches that
are claimed to be discipline-neutral: they have potentially wide-ranging appli-
cation elsewhere (e.g. design thinking in business, or in healthcare or in
education). One way to understand this duality is to view each approach as
originating from a particular discipline, capturing its distinctive features,
while also recognising that many other disciplines will also require or exhibit
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some or all of those features.'” Using design as an example again, we could
say that central to design is the practice of conceiving plans for enabling goal-
directed change. When described at this level of abstraction, aspects of design
thinking will clearly be employed in other disciplines, such as when scientists
plan experiments to test hypotheses (‘experiment design’). On the other hand,
central to science is the practice of undertaking investigative activities that
provide new insights about the world. When described at this level of abstrac-
tion, scientific thinking will clearly be employed in other disciplines, such as
when designers conduct research to better understand potential users (‘user
research’). However, although scientists engage in design activities and
designers engage in research activities, it needn’t be that design approaches
are thought to be characteristic of science, or that scientific approaches are
thought to be characteristic of design (for design-science comparisons, see
Crilly, 2010; Farrell & Hooker, 2013; Galle & Kroes, 2014).

Recognising that disciplinary approaches can be applied beyond their discip-
linary origins raises an important question: once a disciplinary approach has
been abstracted from its discipline-specific practices, transferred to another
domain and then adapted to suit that domain, does it still carry the distinctive
signature of the original discipline? For example, note that many discussions of
design thinking look like earlier and ongoing discussions of a more discipline-
neutral approach to creative problem solving (e.g. see Treffinger et al., 2006).?°
More generally, if disciplinary approaches are abstracted from disciplinary
specifics, what exactly is it that makes the approach still disciplinary?
Another way of thinking about this is to ask what characterises disciplines,
what distinguishes them from each other, and how the described disciplinary
approaches reflect those characteristics and distinctions.

Although I do not intend to get into a detailed discussion of disciplines here, it
is worth noting that they are seemingly difficult to define (see Krishnan, 2009;
Shumway & Messer-Davidow, 1991), perhaps as difficult as the associated

19 This connects to the general notion of asking which skills are domain-general and which are
domain-specific. As Christensen et al. (2023) recently observed in their comparison of design
and entrepreneurship, ‘[o]nly by understanding how trained designers have both skills and
abilities that stand out from other professions, as well as having skills and abilities that are
found in other professions, will we be able to understand fully the roles that designers believe
they can play — and intend to play — in design and elsewhere” (p. 18). The same applies to the
other disciplines we are considering here.

This is perhaps not surprising given the overlapping origins of these two approaches, with one
(CPS) maintaining discipline-neutrality from the outset, and the other (design thinking) starting
as discipline-specific before becoming more generalised. For example, in the 1950s and 1960s,
Arnold’s work at Stanford on creativity, education and innovation was influenced by Osborn’s
work on brainstorming and appeared in edited works by Parnes (see Auernhammer & Roth,
2021, pp. 631, 639).

20
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approaches have proven to be! However, at a very general level, Chandler
(2009) tells us that most meanings of discipline ‘involve some notion of
submission to a regularized set of practices, a sense of an imposed ordering of
life and thought, body and mind’ (p. 732). This meaning of disciplines is clearly
connected to the kind of thing that we are considering disciplinary approaches to
be, and reflects why they are each thought to be distinctive. A common way to
consider such distinctions between disciplines is to classify them into
a hierarchy, dividing them according to their subject matter, origins, objectives
or something else. For example, notwithstanding the overlaps between aca-
demic and professional disciplines,”' the former are often classified according
to the structure of university departments (Chandler, 2009), while the latter are
often classified according to the structure of professional associations
(Greenwood et al., 2002). Despite this apparent order, disciplines are frag-
mented, heterogencous and dynamic and interact with other disciplines in
many complex ways (for discussions of the fluidity of disciplinary boundaries,
see Gieryn, 1983). As a result, an overly strict conception of disciplinary
boundaries sometimes prevents people from seeing the close connections that
might be made across disciplines (Krishnan, 2009). This is something that
a well-coordinated cross-discipline project to understand disciplinary
approaches could address.

Looking at the various projects to define different disciplinary approaches, it is
clear that in some cases particular components appear to be characteristic of many
different disciplines. For example, ‘problem solving’ is listed as a component of
design thinking (Micheli et al., 2019), computational thinking (Weintrop et al.,
2016) and scientific thinking (Dunbar & Fugelsang, 2005). Similarly, ‘empathy’
appears as a component of both design thinking (Schweitzer et al., 2016) and
anthropological thinking (Tett, 2021), while ‘experimentation’ appears as
a component of both design thinking (Micheli et al., 2019) and entrepreneurial
thinking (Frederiksen & Brem, 2017). Such overlaps between disciplinary
approaches are easy to identify when the components are conveniently named
and defined in near-identical ways. However, many more overlaps can be identi-
fied when we include the components that are named differently but where their
definitions refer to very similar concepts. For example, the ‘experimentation’
component referred to above might also be closely related to ‘being iterative and
incremental’ in computational thinking (Kong, 2019) or to ‘hypothesis testing’ in
scientific thinking (Dunbar & Fugelsang, 2005).*

2! See the earlier terminology discussion.

22 Exploring wider associations like this encourages a search for sets of components that would
collectively make up a unified practice. For example, the ‘problem solving’ components of
approaches such as design, computational and scientific thinking might complement the
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Even the components of disciplinary approaches that we might expect to be
quite domain-specific can be found in other disciplines. For example, in evolu-
tionary thinking, one of the three main components is ‘tree thinking” which
involves recognising that the shared characteristics of members of a group are
determined by their descent from common ancestors. In studies of biological
evolution, this involves thinking of species within the context of a phylogenetic
tree, where branching occurs at distinct evolutionary events. However, as
O’Hara (1997) notes in his description of one component of evolutionary
thinking

Although tree thinking as I have described it is an aspect of systematic
biology, the idea of tree thinking isn’t necessarily tied to living things — all
it requires is descent and inheritance. A fascinating inorganic example of tree
thinking can be found in a recent paper on the motion of asteroids (Milani &
Farinella 1994), an example which makes use of many of the same ideas
I have just outlined. (p. 325)

Indeed, Milani and Farinella (1994) are describing work on ‘asteroid families’,
a group of asteroids that share similar motion characteristics (for billions of
years) because they are descended from a single ‘parent body’ that was broken
up in a past collision. This group of fragments are said to have ‘inherited’ the
motion characteristics of that parent in a process of ‘collisional evolution’ (see
Nesvorny et al., 2005). Of course, viewing diverse systems through the lens of
biological evolution is widespread, including in discussions of cultural evolu-
tion (Lewens, 2015), technical evolution (Arthur, 2009), ideational evolution
(Crilly, 2021b) and organisational evolution (Breslin, 2016). However, that is
not necessarily the same as adopting and applying the thinking exhibited by
evolutionary biologists. For example, one might observe certain similarities
between how biological species and commercial organisations change over
time — and draw analogies on that basis — without necessarily thinking about
those organisations in the way that an evolutionary biologist would.

As we have seen, the components of one disciplinary approach can map to
identical or similar components of other disciplinary approaches. That’s quite
straightforward, but things are more complicated when a component of
one disciplinary approach seems to map to a whole other disciplinary
approach, rather than just to a component of that other approach. For example,
‘systems thinking’ appears as just one component of entreprencurial thinking

components of related approaches such as ‘problem framing’ in design thinking (Wrigley et al.,
2021) and ‘problem finding’ in engineering thinking (Lucas et al., 2014). Of course, many of the
disciplines discussed here engage in coordinated practices of problem finding, problem framing
and problem solving, even if no project has represented these as a full set of components or
integrated them into a single component.
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(e.g. Grimes & Vogus, 2021), computational thinking (e.g. Weintrop et al.,
2016) and engineering thinking (e.g. Lucas et al., 2014; Waks et al., 2011).
However, systems thinking is itself broken down into many different compo-
nents by the various authors who describe that as a disciplinary approach in its
own right (e.g. see Arnold & Wade, 2015; Capra & Luisi, 2014; Richmond,
1993). Conversely, on at least one account, systems thinking includes
a component called ‘scientific thinking” (Richmond, 2016), which, again, others
describe as an entire disciplinary approach that can be divided into several
components (e.g. see Dunbar & Fugelsang, 2005; Noll, 1935).

Because one disciplinary approach might seemingly appear as a component
of another disciplinary approach, these approaches might be considered at
different levels of granularity. For example, entrepreneurial thinking can be
divided into many components, one of which is, say, ‘systems thinking’
(Grimes & Vogus, 2021), and systems thinking can itself be divided into
many components, one of which is, say, ‘recognizing interconnections’
(Arnold & Wade, 2015). We might then ask what a component like ‘recognizing
interconnections’ can be further divided into (at a finer level of granularity), and
also what ‘entrepreneurial thinking’ might be a component of (at a courser
level). Such an investigation might aim at generating a large hierarchical
structure where something like ‘thinking’ is at the coarsest level of granularity,
and this is progressively broken down further and further. An alternative to this
hierarchical view of disciplinary approaches is a network view (for a discussion
of hierarchical and networked organisational structures, see Fischer, 2016). In
this conception, the various ways of thinking constitute a space of possibilities,
and disciplinary approaches are defined by how they connect through that
space, linking different components into a coherent and descriptive set. One
discipline’s approach might be just a component of another discipline’s
approach, but disciplinary approaches in general would be defined by their
full set of components and how those components are related. Including or
overlapping with other disciplines would be permitted or encouraged, but
perhaps most importantly, it would be acknowledged (we’ll return to that later).

Attention to commonalities between the disciplinary approaches should not
mask the fact that many of these approaches seemingly have components that
are quite distinctive, common to only small sets of disciplines or perhaps even
unique to one of them. For example, design thinking’s reference to ‘abductive
reasoning’ is quite unusual (e.g. Kimbell, 2011; Micheli et al., 2019), as is the
principle of ‘affordable loss’ in entrepreneurial thinking (Sarasvathy, 2009), and
also the focus on ‘understanding feedback’ in systems thinking (Arnold &
Wade, 2015). These are unlike the components in any of the other disciplinary
approaches reviewed here, but it is not clear whether this reveals genuinely
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unique features of these approaches, accidental omissions in the projects
describing other disciplinary approaches or attention to different levels of
description in those other projects. For example, although the design thinking
project is perhaps the only such project to claim a special place for abduction,
that mode of thought has been described as central to medical reasoning
(V. L. Patel et al., 2005, p. 730) and legal practice (Askeland, 2020).*
However, it is still the case that when each discipline’s components are taken
as a set, they are collectively distinctive and characteristic, despite some partial
overlap with individual components of other disciplines.

6.3 Are These Approaches Really Transferrable?

In the previous section, I began by outlining the dual claims that are apparent or
implicit in many accounts of disciplinary approaches: each one is both discip-
line-specific (in its origins) and yet discipline-neutral (in its potential applica-
tion). Having now considered the issue of discipline-specificity, I turn to the
issue of discipline-neutrality.

As we have seen, the various projects to define disciplinary approaches
typically abstract away those aspects of the discipline that are thought to be
overly specific. This is done with the goal of representing the transferrable
essence of those disciplines’ approaches, approaches that seemingly might be
applied by almost anyone to almost anything. This is a tempting proposition
because it suggests that a wide range of people can then learn to think like, say,
a designer, an entrepreneur or an ecologist by learning just about each discip-
line’s ‘thinking’ rather than undertaking training in the discipline itself.”* Given
that the learners” domains of application are likely to be very different to the
domains traditionally associated with the approach they are training in, this
might seem to provide a shortcut that is not just convenient but also justified.
However, just how is it that practitioners acquire and develop the approaches
that are taken to characterise their discipline? What is lost when discipline-
specific factors such as subject matter are stripped away from descriptions of
a discipline’s practices? Such questions are seldom addressed by the projects
that promote each disciplinary approach, and we would have to look elsewhere
for clues.

Disciplinary styles are reported to be ‘imprinted” on people by the ‘signature
pedagogies’ of their academic and professional training, and by their early

23 Note that while different modes of reasoning (such as induction, deduction and abduction) might
be distinguished from each other for the purpose of analysis, they needn’t be psychologically
distinct in practice (for arguments and counterarguments, see Evans & Over, 2013).

2% For example, referring to design thinking, Martin says that ‘today’s business people don’t need to
understand designers better, they need to become designers’ (Dunne & Martin, 2006, p. 513).
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professional experiences (Shulman, 2005; Blackwell et al., 2010). As such, the
approaches that are practiced and promoted by each discipline might be thought
to originate in those disciplines’ distinctive histories, goals, values, materials,
subjects, techniques, cultures, achievements and failures. This would suggest
that attempts to extract disciplinary approaches from the originating disciplines
could rob those approaches of the very characteristics that make them coherent
and valuable. We might reasonably ask to what extent the various disciplinary
approaches can be understood, acquired and developed without learners’
involvement in the actual disciplines themselves. Is each discipline, in fact, the
best place to learn the disciplinary approaches that they promote? Specifically,
are those approaches best acquired and practised by working with each disci-
pline’s motivations, problems, materials, processes, constraints and specific
forms of feedback? For example, are the components of design thinking best
learnt by practicing architecture, product design or service design (for
a discussion of such issues, see Kolko, 2018)? Or, is systems thinking best
learnt by modelling the behaviour of natural ecosystems (for a related experi-
ment, see Riess & Mischo, 2010)? We could go on through any list of disciplines
that interest us asking similar questions about which experiences really shape the
way practitioners develop and refine their disciplinary approaches. Those people
who have been immersed in the specifics of a discipline’s practices might be able
to abstract from those specifics to recognise their own disciplinary approach and
apply it elsewhere. However, we might wonder whether people from outside the
discipline can be effectively trained just in the approaches and then meaningfully
progress from such abstractions to new specifics that are relevant to them in their
own domain (for a discussion of how teachers aim to encourage ‘disciplinary
patterns of language and thought’, see Langer et al., 1993).

The various projects to define disciplinary approaches don’t offer much
guidance on the issues raised above, but another set of projects has: those
defining higher-order thinking skills. Perhaps the most prominent of these skills
is ‘critical thinking’, with associated work investigating how such thinking can
be effectively taught, both within disciplines and independent of them (e.g.
Halpern & Sternberg, 2020). However, there are also similar discussions of
other forms of thinking that aren’t tied to any specific discipline. A list of these
higher-order thinking skills might include

= ‘critical thinking’ (cited above);

= ‘creative thinking’ (e.g. Webster, 1990);

= ‘inventive thinking’ (e.g. Sokol et al., 2008);

= “visual thinking’ (e.g. McKim, 1980);

= ‘analogical thinking’ (e.g. Gentner & Maravilla, 2018);
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= ‘possibilistic thinking’ (e.g. Clarke, 2008);

= ‘possibility thinking’ (e.g. Craft, 2015);

= ‘futures thinking’ (e.g. A. Jones et al., 2012);

= ‘flexible thinking’ (e.g. Barak & Levenberg, 2016);

= ‘reflective thinking’ (e.g. Rodgers, 2002);

= ‘open-minded thinking’ (e.g. Stanovich & West, 1997);
* ‘model-based thinking’ (e.g. Warton et al., 2015);

= ‘causal thinking’ (e.g. lllari et al., 2011).

Many of these general thinking skills are themselves subdivided into compo-
nents (e.g. see Ennis, 1964), and they are also sometimes compared to each
other (e.g. see Donald, 2002; Hitchcock, 2020).> In educational contexts, these
skills are usually described in terms of ‘teaching thinking’, as opposed to
teaching subject matter content (Wegerif, 2007, chs. 6-7; Wegerif et al.,
2015), and so also share that feature with the disciplinary approaches we have
been considering here.

Even a brief survey of the higher-order thinking skills shows that they overlap
with the components of the disciplinary approaches. However, I'll focus here on
critical thinking because it has one of the most well-established literatures
(developed over several decades) and because that literature has explicitly
addressed the issue of discipline-neutrality and the challenge of transfer.
Although definitions vary, critical thinking is often associated with evaluating
claims, assessing evidence, considering alternatives, employing logic and
remaining sceptical.”® However, just as we have seen that disciplinary
approaches include not just thinking skills, but also knowledge, attitudes, habits
and dispositions, the same is true for critical thinking. To quote Halpern and
Sternberg (2020), critical thinking is ‘the willingness to engage in and persist at
a complex task, demonstrate flexible and openminded thinking, and the readi-
ness to abandon non-productive strategies and self-correct when needed’ (p. 3).

In whatever ways it might be defined, critical thinking is widely regarded as
an essential approach across a wide range of disciplines and is the stated
objective of education at many levels (e.g. see Willingham, 2007). Because so
many different disciplines value and promote critical thinking, it has often been
described as though it is a single set of skills and inclinations that can be applied
in different contexts. This has led to the creation of general critical thinking

25 For works that collect some of these forms of thinking together, see (Ball & Thompson, 2018;
Cummins, 2021; Holyoak & Morrison, 2005).

26 Note that just as work engaging with disciplinary approaches has complained about inconsistent
and vague definitions, so has work engaging with general higher-order thinking skills (e.g. for
such complaints about critical thinking, see McPeck, 1981, chl). Similar ambiguities surround
Dewey’s earlier concept of reflective thinking (Rodgers, 2002).


https://doi.org/10.1017/9781009498685

https://doi.org/10.1017/9781009498685 Published online by Cambridge University Press

52 Creativity and Imagination

courses, which aim to teach critical thinking separately from disciplinary
subject matter. The idea is that these courses develop widely applicable critical
thinking skills that can later be demonstrated in any number of subjects, ranging
from philosophy and literature to mathematics and the natural sciences.
However, analysis of these courses and their performance has led other people
to argue that critical thinking is really just an umbrella term for sets of skills and
inclinations that vary greatly according to the specific contexts of application
(for summaries of the debates, see Ennis, 1964, 1989; McPeck, 1981, 1990;
Moore, 2011). As Sternberg (2020) points out

Probably anyone who has taken advanced courses in, say, physics and litera-
ture, has observed that although both may require critical thinking, the kinds
of critical thinking are different across the disciplines, at least as they are
usually practiced. One can use the same label, “critical thinking,” to refer to
serious, reflective thinking in each of these areas, but the labels do not
necessarily describe the same thing. (p. 320).

Observations like Sternberg’s have led to proposals that critical thinking is not
a separate, widely applicable skill, but is something that should be taught within
disciplines, applied to the subject matter that is most relevant. One consequence
of the apparent discipline-specificity of critical thinking is the difficulties that
people experience when they are required to take critical thinking concepts or
skills from one domain and apply them to another. There then seems to be
a tendency for critical thinking learnt in one domain to become ‘attached’ to the
problems that are seen in that domain, rather than being freely and effectively
transferred to other kinds of problems (for an analysis of this with respect to
professional practice, see Lilienfeld et al., 2020; for an analysis of this with
respect to education, see Willingham, 2007, 2019). The relevant literature does
not conclude that training in critical thinking is impossible, but certainly
challenging. The notion of transfer is key, and it is advised that educational
courses are explicitly designed to encourage transfer, including demonstrations
of discipline specificity and neutrality (e.g. see Halpern & Sternberg, 2020;
Perkins & Salomon, 1989; Willingham, 2007).

Critical thinking is directly relevant to many disciplinary approaches, either
because critical thinking is a component of those approaches, or because those
approaches are a specialised application of critical thinking. For example,
Schweitzer et al. (2016) include critical thinking as a component of design
thinking, Noll (1935) includes it as a component of scientific thinking and
Ruggiero (1996) includes it as a component of sociological thinking.
Conversely, Willingham (2007) regards such disciplinary approaches as differ-
ent forms of critical thinking, saying ‘there are specific types of critical thinking
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that are characteristic of different subject matter: That’s what we mean when we

999

refer to “thinking like a scientist” or “thinking like a historian™” (p. 8; also see
Sternberg, 2020). So, some people regard critical thinking as a part of certain
disciplinary approaches, whereas others regard disciplinary approaches as
specific forms of critical thinking. Either way, critical thinking is intertwined
with many of the disciplinary approaches, and the same could be said of the
other higher-order thinking skills, each of which also has a body of literature
associated with it. These literatures have typically been overlooked in discus-
sions of disciplinary approaches, even though they address many overlapping
themes, including education and transfer. A closer integration of research on
disciplinary approaches and the higher-order thinking skills would be benefi-
cial, especially for our understanding of how to educate for transfer between
domains. For a rare example of this, see English’s (2023) work on different
ways of thinking in problem solving, which includes a focus on critical thinking,
systems thinking and design thinking.

Many of the projects to define particular disciplinary approaches make claims
for their general applicability: apparently, everyone can benefit from thinking like
a designer, or like an ecologist, entrepreneur, computer scientist, and so on.
However, for this to be true requires effective transfer from the originating
discipline to the domain of application. A relevant consideration here is how far
something is being transferred, either in terms of the distance between disciplines
or application domains (for a taxonomy of transfer distances, see Barnett & Ceci,
2002). For example, a recent meta-analysis of transfer effects from teaching
computer programming found positive effects for activities close to computing
(near transfer: creative thinking, mathematical skills and metacognition), whereas
activities further from computing benefitted the least (far transfer: school achieve-
ment and literacy) (Scherer et al., 2019). Clearly, if the claims about the wide
applicability of disciplinary approaches are to be supported, then courses (or other
interventions) will need to be developed with this in mind, and studies will need to
be conducted to assess their effectiveness in this regard (e.g. see Carlgren et al.,
2016; Kurtmollaiev et al., 2018). Adopting such a focus on transfer has implica-
tions not just for how the interventions should be evaluated, but also how they
should be designed so that such assessment is possible (e.g. for this argument
applied to systems thinking training, see Cavaleri & Sterman, 1997).

It should be acknowledged here that considering higher-order thinking skills
(e.g. critical thinking) might make us question the distinction between these
skills and the many disciplinary approaches that we have been focussed on (e.g.
design thinking). On the one hand, each disciplinary approach might originate
from specific professional practices or academic traditions. On the other hand,
higher-order thinking skills might be more general and remain independent of
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any such practices or traditions. This sort of distinction might be easiest to
defend when the disciplinary approaches under consideration are like
design thinking, entrepreneurial thinking and computational thinking. These
approaches are derived from the work of designers, entrepreneurs and computer
scientists, each of whom is associated with specific professional practices and
academic traditions. However, what about something like systems thinking,
which I have so far treated as a disciplinary approach? If the term ‘systems
thinking’ describes how systems biologists or systems engineers think, then
perhaps it is indeed disciplinary. However, if systems thinking is instead
described as a discipline-neutral approach then it might just as well be treated
as a higher-order thinking skill rather than anything disciplinary. In fact, instead
of being a special case, systems thinking is just a clear illustration of the
problem of trying to classify any of these ways of thinking. If a disciplinary
approach originates in a discipline but is then abstracted for wide-ranging
application elsewhere then perhaps it has become a general higher-order think-
ing skill (or a set of such skills). Perhaps all disciplinary approaches are actually
just higher-order thinking skills, rather than being disciplinary after all. These
two overarching categories might really just be two ends of a continuum, with
some ways of thinking seeming to be more attached to disciplines and others
seeming to be more detached from them.

6.4 What about Sub-disciplines and Inter-disciplines?

With all this talk of discipline specificity and neutrality, it makes sense to consider
exactly what is included and excluded within the bounds of any particular discip-
line. However, the various projects to define disciplinary approaches have typically
been phrased in very general terms that cover large disciplines, and therefore —
implicitly — many sub-disciplines. For example, discussions of design thinking
generally do not distinguish the approaches used in product design from those used
in engineering design or software design, and yet also do not explicitly claim that
these sub-disciplines are all united by the same overall approach. We might ask
whether components such as ‘developing empathy’ or ‘iterative prototyping’ are
equally important in each sub-discipline of design. Similar questions could be
asked about many other disciplinary approaches:

= ‘Systems thinking — is this describing the approach taken by those working in
ecology, systems biology or systems engineering?

= ‘Entrepreneurial thinking’ — is this describing the approach taken by those
working on technology-related or service-related ventures?

= ‘Computational thinking’ — is this describing the approach taken by those
working in information systems, software engineering or computer networks?
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Distinctions like these could be identified within all the other disciplines for
which disciplinary approaches have been defined: ‘geographical thinking’
(human or physical?), ‘scientific thinking’ (natural or social?), ‘economic
thinking’ (model-based or heterodox?), and so on. Whatever discipline we
consider, it can be divided further and further into sub-disciplines and sub-sub-
disciplines. Those divisions might be made on the basis of subject matter
knowledge, applied techniques, or just, well, ... on the basis of some general
approach. As such, interpreting claims made about a single overarching discip-
linary approach, such as design thinking, requires some caution. This is because
we don’t know if those claims apply to any or all of the sub-disciplines we might
be interested in.

An alternative interpretation of the projects to define disciplinary approaches
is that they are not really identifying the overarching approaches that are
common to all their many sub-disciplines. Instead, perhaps they are — again
implicitly — prioritising just one or some of the sub-disciplines but giving the
approach a much more general name. For example, is design thinking really
more like product design thinking or service design thinking? The examples
that are often used to illustrate the sources of design thinking might suggest that
it is one of these that is dominant (but also see Pressman, 2018; Wrigley et al.,
2021). Additionally, is it Western perspectives and practices that are taken to be
central to design thinking, or are those from other regions equally represented
(for discussions of African design thinking, see Ambole, 2020)? More gener-
ally, just whose design are we talking about when we talk about design thinking,
who decides that, how is that decision made and how do we know? Similar
questions can be asked for systems thinking, entrepreneurial thinking and for all
the other disciplinary approaches considered here (e.g. for discussions of
indigenous worldviews relevant to systems thinking, see Goodchild, 2021;
Spiller et al., 2020).

A more transparent way of describing each discipline’s approach might be to
start by identifying the various sub-disciplines (and other variants) of relevance:
what distinguishes them and how are they related? We could then identify the
distinct approaches that characterise each sub-discipline and the common
approaches that characterise the discipline as a whole. Some of these common
approaches might be shared by many or all sub-disciplines; some might be
shared by only a few; some sub-disciplines might have specialised approaches
that are not shared with the overall discipline, or with many or any of the other
sub-disciplines. In considering things in this way, we should note that parts of
two completely different disciplines might actually be more similar to each
other than two very different parts of the same discipline (Becher, 2017, ch. 2).
For example, consider the broad discipline of engineering, which might include
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disciplines
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Figure 4 Diagram showing (i) how sub-disciplinary approaches of different
disciplines (in this case engineering and science) might be more similar than
sub-disciplinary approaches of the same discipline (engineering), and (ii) how
inter-disciplines (like engineering design) might exhibit characteristics of two
or more disciplines (like engineering and design).

sub-disciplines of engineering science and engineering design.”’ The approach
taken in engineering science might be closer to scientific thinking than it is to
design thinking. In contrast, the approach taken in engineering design might be
closer to design thinking than scientific thinking (for related discussions, see
Dzombak & Beckman, 2020; Waks et al., 2011). See Figure 4 for an illustration
of these issues, and as a possible partial expansion of Figure 1. Perhaps more
accurate — but also more complex — is the idea that disciplinary relations should
be considered as a network rather than a hierarchy, where all disciplines and
sub-disciplines are related to each other in some way (see Figure 3 in Rosvall &
Bergstrom, 2011).

As indicated in Figure 4, some sub-disciplines, such as engineering design,
lie at the intersection of two or more disciplines, and thus might ‘inherit’
common approaches from two or more ‘parents’. Another example is synthetic
biology, which is a hybrid of biological science and engineering, and draws
from both disciplines. Practitioners of synthetic biology might thus be expected
to employ forms of biological thinking and engineering thinking, while possibly
also exhibiting approaches that are not found in either (see discussions in Endy,
2005; Knight, 2005). For our purposes here, perhaps the most prominent
discussion of such inter-disciplines is ‘systemic design’, which is described as
a disciplinary approach in its own right, one which is divided into several
components (for a review, see Kaur & Craven, 2020, pp. 202-205). However,

7 These divisions and further divisions of knowledge might be thought of as consistent with the
‘fractal model” of expertise, where the structure is essentially the same at each level (Collins,
2018, p. 70).
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there are many of these inter-disciplines, the practices of which might be
expected to combine characteristics of two or more of the approaches that we
have been considering, and others too (for a framework of options, see McComb
& Jablokow, 2022).

In addition to considering disciplines, sub-disciplines and inter-
disciplines, there are other ways in which disciplinary approaches might be
divided. For example, Denning and Tedre (2021; also see Tedre & Denning,
2022) distinguish between computational thinking for beginners and compu-
tational thinking for professionals, arguing that the approaches of each group
are different, or at least that the challenges they engage with are.”® This is
unusual, and just as projects to define disciplinary approaches generally do
not engage with sub-disciplines, they also generally do not engage with levels
of expertise or other such forms of distinction. However, whether divided by
sub-disciplinary specialisation, expertise level or something else, consider-
ing discipline decomposition and comparison might not conform to the
overall goal of representing disciplinary approaches in a way that is access-
ible to outsiders. Still, it might provide a more nuanced basis from which such
accessible representations can be constructed, and it might also permit more
transparency for those seeking to understand the foundations of claims that
are seemingly made about entire disciplines.

Considering the different ways in which disciplines can be decomposed and
combined might prompt us to reconsider the utility of categorising approaches
according to disciplines after all. On the one hand, categorisation according to
traditional disciplinary categories can seem inevitable because those disciplines
have long been reified as a way to divide up knowledge, learning and practice
(Greenwood et al., 2002; Chandler, 2009). It is also within those disciplines that
the projects to define disciplinary approaches have taken place, and it is after
those disciplines that the approaches are named. On the other hand, we have
seen that definitions of disciplinary approaches are typically presented at a level
of abstraction that strips away many of the discipline’s details to emphasise their
transferrable essence. For people outside the discipline seeking to apply that
approach to their own work, we might question whether it should really interest
them which discipline the approach originated from. For example, if someone in
an organisation wants to implement some innovative change to how a business

2% The components they list for beginners include ‘abstraction’, ‘problem decomposition’ and
‘simulation’. Some of their components for professionals are also descriptions of modes of
thought (or things thought about)—but presumably now more advanced—including design
patterns, pattern recognition, concurrency and non-determinism. However, some of these pro-
fessional computational thinking components seemingly refer to technologies, such as bytecode
and virtual machines (Tedre & Denning, 2022, p. 3).
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process is managed, does it matter whether an iterative low-fidelity
build-and-test technique is imported from design, engineering, computer
science, entrepreneurship or somewhere else? Does it matter where they think
that approach has come from, or even if they think it has come from anywhere
other than the domain they are from, such as management?

If we answer the questions with a ‘yes’, then we assert that disciplinary
identity is an important part of disciplinary approaches, even though that is not
what the projects to define such approaches have emphasised. With their focus
on abstraction, each project instead emphasises the components that make up
their own particular disciplinary approach, but not on what associations people
make with that discipline, or what the naming of the approach means to those
people. However, although something like design thinking might be usefully
decomposed into a set of components that can be individually learnt, developed
and applied, perhaps what is more important is that learners recognise that the
problem they are addressing is a design problem, that they are engaged in design
activities and that they are acting as designers. Similarly, the components of
entrepreneurial thinking might mean less to learners than the idea that they
should be entrepreneurial or act like an entrepreneur, even if they are not
launching a new business venture, but perhaps just operating within an estab-
lished organisation (for a discussion of intrapreneurial thinking, see Sayeed &
Gazdar, 2003). The same might be said of many other disciplinary approaches,
where emphasis could be placed on thinking and acting like a forest ecologist
(systems thinking), a software engineer (computational thinking), and so on. To
be clear, the distinction here is between emphasising the particularities of the
disciplinary practice (or part of it) rather than eradicating such details in the
interests of codification and generalisation.

If instead we think that disciplinary origins are not important to the promotion
of disciplinary approaches (answering those earlier questions with a ‘no”), then
we might look for alternative categorisations of the approaches that have
previously been associated with specific disciplines. These new categories of
practice would either be independent of traditional disciplines or would place
them in higher-level categories. For example, individual disciplines might be
grouped according to whether they are investigative, artistic, social or enter-
prising (Smart et al., 2009, p. 489), or according to any of the many other
schemes of discipline grouping (for a review, see W. A. Jones, 2011, p. 11).
Such moves might then emphasise things like ‘investigative thinking’, which
could include many components that are currently distributed across a wide
range of disciplinary approaches from the natural and social sciences.
Alternatively, we could focus not on the disciplines (whether traditional or
newly defined) but instead on the finer-grained components of practice from
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which they are made up. This might, for example, shift the emphasis to
approaches like ‘prototype thinking” or ‘pivot thinking’, rather than the discip-
lines that exhibit those practices (perhaps design and entrepreneurship).
However, we might question whether prototype thinking or pivot thinking
would each be just one type of thing, or whether they would vary substantially
across disciplines and sub-disciplines, as has been found for critical thinking
(for related work on visualisation, see Eckert et al., 2012). Another example
might be ‘complexity thinking’ (e.g. see McCool et al., 2015; Richardson,
2008), which can be divided into different components, and where the weight-
ing of those components can be seen to vary between sub- or inter-disciplines,
such as swarm robotics and synthetic biology (Chen & Crilly, 2016).

As we can see, diverging from disciplinary classifications is not straightfor-
ward, and might involve giving up some clarity in a discussion that generally
needs more of just that, not less. However, we should acknowledge that the
existing focus on broad disciplinary approaches can mask important differ-
ences within disciplinary boundaries, and important commonalities across
them.

7 Mapping Disciplinary Approaches to Each Other

We have seen that the different disciplinary approaches are interconnected and
complementary, so anyone interested in one of them would likely be interested
in others too. Mapping the approaches would therefore be beneficial, providing
a visual guide to what the approaches are, and how they are related to each other.
Although this is seldom done in the literature, when it is attempted, a Venn
diagram is sometimes used to show that different approaches are overlapping
but not identical. For example, Sneider et al. (2014, p. 11) present such an
illustration of the intersection between mathematical thinking and computa-
tional thinking (at a component level), and Lewrick et al. (2018, p. 219) present
a similarly structured illustration of the intersection between design thinking
and systems thinking. If we are just considering the overall approaches for the
three disciplines that I have most emphasised here, then the corresponding
diagram might look something like Figure 5.>

Rather than something precise, Figure 5 is really just an indication of how we
might visualise the relationships between three disciplinary approaches. Other
perspectives on any of those approaches — or shifts in emphasis about them —
would change how the sets are labelled, and also the intersections. Figure 5 also
doesn’t offer much detail, and there are clearly aspects of each approach that are

2% For a very different representation of the relations between the same three approaches, see the
illustration offered by Patel and Mehta (2017, p. 525).
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Figure 5 Venn diagram indicating how overall descriptions of three disciplinary

approaches might relate to each other: design thinking, systems thinking and

entrepreneurial thinking.

not represented. If we wanted a more complete representation, then we could

add component lists to each part of the Venn diagram. In attempting to draw

su

ch a diagram, we would need to grapple with a number of problems that we

have already noted:

the components are all of different kinds, both within and across disciplines
(e.g. some are ways of thinking, but some are seemingly habits, practices or
capabilities);

even components of the same kind are defined at different levels of abstrac-
tion (i.e. some are very general and others are quite specific);

across disciplines, different terminology is used to describe the same thing
(e.g. the same kind of thing might be meant by ‘iteration’, ‘experimentation’
and ‘testing’);

also across disciplines, the same or similar terminology is used to describe
quite different things (e.g. ‘tree-by-tree thinking” and ‘tree thinking” have no
relation to each other).*’

30

In describing the components of systems thinking, Richmond (2016) compares holistic ‘forest
thinking’ with analytic ‘tree-by-tree thinking’. This tree-by-tree thinking is based on decompos-
ition and individual analysis, examining things one by one. In contrast, and as explained earlier,
in describing the components of evolutionary thinking it is common to use the term ‘tree
thinking’ to describe a focus on descent and inheritance (e.g. see O’Hara, 1997).
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All of this means that if each approach is to be described in its own terms, with
the components that each discipline’s project has defined, then it will be difficult
to find shared components to represent in a Venn diagram. Such diagrams are
also often sensibly limited to representing three or four sets before things
become visually complex (for a discussion, see Mamakani & Ruskey, 2012).
Another form of representation will be required if each disciplinary approach
is to be described in its own terms, and if multiple approaches are to be
mapped.

Despite the problems we might encounter, in some instances, one-to-one
mappings can be identified between components from different disciplines,
whether or not they are labelled with similar terms. Such mappings might
indicate a clear correspondence, complementary perspectives or some more
vague relationship. In other instances, one-to-many mappings can be identified,
for example where a broadly specified component from one discipline can be
related to various components from other disciplines (whatever kind of rela-
tionship this is). Just two illustrations of such possible mappings are offered
here, to sketch out the kinds of options available. In Figure 6, a particular variant
of a single disciplinary approach is taken to be of central interest, and its
components are mapped to the components of several other disciplinary
approaches (again, just a single variant in each case). In contrast, in Figure 7,
multiple disciplinary approaches are taken to be of interest, and the components
of each approach are aggregated from different variants, with these components
mapped to the components of the other approaches. In both these figures, the
approaches and variants that have been selected are just indicative, and others
could be selected, depending on our interests and objectives.

Examining these two illustrations might raise all sorts of questions that are
specifically about the relationships between the different disciplinary
approaches that have been represented and the variants that have been selected.
For example, considering Figure 6, we might ask whether these are the only
disciplinary approaches to which design thinking should be related. What about
scientific thinking, economic thinking, craft thinking, and so on? Or, looking at
Figure 7, we might ask whether being creative is really only a component of
design thinking and entrepreneurial thinking. What about systems thinking and
computational thinking? Questions like these — and many others that we might
ask — highlight that what we have here are not necessarily maps of how these
disciplinary approaches are related to each other. Instead, they are only maps of
how certain descriptions of them are related. However, note that I am putting
these sketches forward here as an indication of the kinds of representation that it
would be productive to construct if we could, not as definitive instances of such
representations. Phrased another way, these sketches are not a solution to the
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Figure 6 Illustration of how one description of design thinking is related to descriptions of seven other disciplinary approaches. Note that in
this illustration, every component of design thinking is connected to a component of another approach. The arrangement of the disciplines is
only for graphical clarity and is not otherwise meaningful. Definitions of each component for each variant can be found in Section 4.
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look across different scales adopt a qualitative approach
identify endogenous factors identify endogenous factors

Figure 7 Illustration of how aggregated descriptions of four disciplinary approaches are related. Definitions of each component for each
variant can be found in Section 4 and online Appendix C (where the aggregations are also illustrated).
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problem of poor coordination across projects but are actually — when examined
closely — revealing of the need for better coordination.

If the available descriptions of disciplinary approaches were explicitly com-
parative and were each constructed at the same level of analysis, then any
sketches of the relationships between them might be more revealing of things
we want to look at, and less revealing of the mutual isolation of the projects
conducted to date. Rather than diving into the discipline- and variant-specific
questions posed above, let’s instead consider some more general questions,
which I hope my problematic sketches motivate in a concrete way:

Which disciplines and sub-disciplines should be related?

Which variants of each discipline’s approach should be included?
How should the disciplines or the components be ordered?

What kind of relationships should be shown or prioritised?

How should components of different kinds be related?

Should components be redefined for consistency?

N R w =

How should disciplines be grouped or named?

If questions like these could be answered then a representation of the relation-
ships between different disciplinary approaches could have many uses, either
for research, education, training or practice. First, those interested in
a particular disciplinary approach could be directed toward other related
disciplinary approaches that include either similar or complementary compo-
nents. Second, those interested in a particular component of a disciplinary
approach could be directed toward the other disciplinary approaches that also
include that component (see earlier discussion). Third, those interested in
forming diverse groups could do so on the basis not just of demographic
diversity (Gibbs et al., 2019), cognitive diversity (Mello & Rentsch, 2015) or
functional diversity (Bunderson & Sutcliffe, 2002), but also according to
some diversity in approach. For example, depending on context, groups
could be formed to combine design, systems and entrepreneurial thinking,
or to combine different approaches to something like iteration, which is
important in many disciplines. While disciplinary approaches might be
closely related to organisational function, these approaches have the benefit
of being explicitly described in terms of their components, and might also vary
within the same organisational function (e.g. if computer scientists and engin-
eers both work within a ‘technical’ group). As such, mapping the relations
between different group members’ disciplinary approaches might help to
make explicit, and thus combat, differences in their representation of the
task being undertaken (for a discussion of these ‘representational gaps’, see
Cronin & George, 2023).
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Above are just some examples of how having a clearer map of the relation-
ships between disciplinary approaches could assist research, education or
application. With mapping like this as a proposed output of a more coordin-
ated project (although not limited to the forms my illustrations take), I now
explore some different methods by which such coordination might be
achieved.

7.1 Will the Existing Literatures Suffice?

In considering various disciplinary approaches, I’ve here attempted to read
across disciplinary boundaries and draw material together for comparison and
synthesis. However, the many problems encountered in trying to do this
constitute the bulk of what I have been describing. Such problems make the
process of cross-disciplinary literature review very challenging, perhaps even
more challenging than such reviews normally are (for methodological guid-
ance see Cronin & George, 2023). To be clear, there are cross-disciplinary
integrative reviews on relevant topics, including creativity and innovation
(Acaretal., 2019), idea generation and selection (Hua et al., 2022), design and
problem solving (Crilly, 2021a), and entrepreneurship (Ireland & Webb,
2007). It’s just that these reviews have not focussed on disciplinary
approaches, but rather on other factors relevant to the practices that take
place within and across disciplines.

A different orientation to the published literatures would be a content analysis
study, counting and examining references to different components of each
approach across different disciplines. For example, if ‘problem solving’ is
identified as a component of a specific disciplinary approach then that could
provide the stimulus for searching other disciplines’ literatures for that and
related terms. The relevant bodies of work might include both the research
literature and practitioner literature across a number of disciplines. This process
could then be repeated for a range of different components, such as problem
finding, problem framing, and so on. Such searches would permit analysis of the
relevant weighting for each component in each discipline. Augmenting such
a study with semantic analysis of the keyword occurrences would provide
further context, either for sense checking a proportion of the data or for
a more qualitative analysis (for an illustration of such an approach, see
Roehling et al., 2000).

Although there are options for conducting a cross-disciplinary review of the
existing literature, that will always involve working with what we’ve got, which
in this case, might not be what we need. I think other methods will be required,
methods that generate new data.
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7.2 Can Experts Provide the Required Insights?

An alternative to seeking clarity in the published literatures on disciplinary
approaches would be to survey the opinions of experts, explicitly seeking cross-
disciplinary comparisons. Two categories of expert are easily identifiable,
categories which might sometimes overlap.

First, there are researchers of disciplinary approaches, such as those who
have published many of the works cited here: experts in the study of design
thinking, systems thinking, entrepreneurial thinking, and so on. Although these
researchers have seemingly mostly thought about their own disciplinary
approaches in isolation, there are opportunities to address this: these researchers
could be invited to define their disciplinary approach in relation to something
else; they could be invited to reflect on the connections to closely allied
disciplines; they could be asked to respond to the accounts of other disciplinary
approaches. The application of such elicitation techniques could yield better
definitions of the approach taken in each expert’s own discipline and also new
information about the relationships between disciplines. This might be even
more effective where experts can be identified who have detailed knowledge of
more than one disciplinary approach. Interactions between experts could be
facilitated by reference to many of the lists, tables and diagrams that illustrate
the description of individual disciplinary approaches or to comparative dia-
grams, such as the sketches in Figures 5, 6 and 7 (for descriptions of visual and
verbal elicitation techniques, see Crilly et al., 2006; Ford & Sterman, 1998).

Second, in addition to researchers, the practitioners of each discipline could
be surveyed for their opinions of the characteristics of their own approaches.
This could involve assembling groups of practitioners from across a range of
disciplines to discuss similarities and differences in their approaches.
Alternatively, researchers could identify practitioners who have two or more
disciplinary associations, either having moved between disciplines or combin-
ing two or more in their current practice. This would provide an opportunity for
abstracting from the specifics of disciplinary practices in a comparative way.
For an example of such an approach at the level of sub-disciplines, see Eckert
etal.’s (2012) study of sketching in various branches of design, which identifies
both common and distinct experiences with this form of visualisation. Although
conducted with different objectives, it is also useful here to consider Strober’s
(2006, 2011) reports on a series of workshops with specialists in different
academic disciplines. She describes participants learning to better understand
their own disciplinary approaches when they saw those approaches contrasted
with those of other participants. However, Strober’s work also warns that such
interactions might be challenging because of the very thing that is of interest:
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the differing approaches of the participants make communication and coordin-
ation difficult, resulting in conflict (for advice on explicitly addressing this, see
Strober, 2006, pp. 229-230).

7.3 How Can Cross-Discipline Practice be Observed?

As informative as published literature and expert opinion might be, the claims
made about disciplinary approaches are generally about practices (not people’s
descriptions of those practices or their reflections on them) and about how those
practices transfer to other domains (not what people claim about such transfer).
Because of this, some more direct comparative study of disciplinary approaches
in action would be valuable. To illustrate the potential for this, I outline just two
possible kinds of study here.

First, researchers could define a set of discipline-neutral tasks to which
various disciplinary approaches could be applied. Practitioners from those
various disciplines are then set those tasks, with their approaches recorded for
analysis. Researchers could subsequently work to identify any differences and
commonalities in the approaches taken across disciplines. Whether practi-
tioners were working individually or collaboratively, studies such as this
would present opportunities to compare disciplinary approaches on the same
terms, with the same tasks, same data and even with opportunities for analysis
from different perspectives (e.g. psychological, sociological and educational).
I don’t find studies like this in the published literature, with most comparative
studies of disciplines being based on comparisons of how each goes about its
work within its normal context (e.g. see Becher, 2017). However, it should be
noted that the kind of comparative studies I am suggesting might involve
considerable methodological challenges, especially if the disciplinary differ-
ences do not just characterise the individuals and groups to be compared, but
also influence the tasks that are relevant to those comparisons (for a general
discussion of the challenges surrounding comparative studies of thinking, see
Cole & Means, 1981, pp. 2, 11).

Second, and more naturalistically, researchers could identify practitioners
who have two or more disciplinary associations, either having moved between
disciplines, or combining two or more in their current practice. This would
provide an opportunity for observing how those practitioners approach their
work and distinguishing how those approaches compare with those of their
more monodisciplinary colleagues. For example, if some practitioners had
moved from the design domain to the policy domain, then researchers could
study how those designers’ approaches to policy work differed from the
approaches demonstrated by their colleagues (for related case studies of the
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temporary transfer of designers into other sectors, see Wrigley et al., 2020).
Alternatively, in sectors that draw from a wide range of disciplines (e.g.
education, management consultancy), comparative studies could be con-
ducted, investigating how those from different backgrounds approach the
same kind of task. Again, I don’t find comparative studies like this in the
published literature, but the concepts of ‘epistemic games’ (Perkins, 1997)
and ‘epistemic fluency’ (Goodyear & Markauskaite, 2017) might help with
analysis of the data.

8 Reconsidering Disciplinary Approaches

As we have seen again and again, the different projects to define disciplinary
approaches have been conducted in mutual isolation. Each discipline’s
approach has been described and promoted separately, with any distinctions
or connections to other approaches seldom explored in detail. When other
projects are acknowledged, this is almost always with reference to a small set
of disciplines, without acknowledging that the general claims being made
might apply to all disciplines. In any case, even these limited comparisons
are quite rare, and the overwhelming majority of the literature describes
individual disciplinary approaches in comparison to individual disciplinary
practices: design thinking is compared to designing a product, entrepreneur-
ial thinking is compared to founding a tech company, and so on. The focus is
on the abstraction from these specific disciplinary practices, rather than on
what kind of thing results from those abstractions (i.e. a form of disciplinary
approach) and thus what else it is related to (i.e. other forms of disciplinary
approach).

The mutual isolation of projects describing each disciplinary approach
has resulted in fragmented accounts, inconsistent terminology, duplicated
effort and compromised outputs.’’ The work required to define the different
approaches and the components from which they are made up, would be
greatly assisted by detailed reference to similar projects in other discip-
lines. This could take the form of sharing information on the goals of the
projects, the methods by which the work is conducted, the format of the
outputs and the ways in which those outputs are applied and tested.
Recurring debates about the strengths and weaknesses of promoting any
particular discipline’s approach would be more productive if they were

31 For a rare discussion of how the different projects should learn from each other, see Collopy
(2019, p. 97): “design thinking” . . . will fail to have a lasting impact, unless we learn from the
mistakes of earlier, related ideas. For instance, “systems thinking”, which shares many of the
conceptual foundations of “design thinking”, promised to be a powerful guide to management
practice, but it has never achieved the success its proponents hoped for’.
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connected to similar ongoing debates in other disciplines, and to similar
debates about higher-order thinking skills, such as critical thinking. More
practically, the work of reforming education toward a focus on approaches
(rather than subject matter content), or the packaging and delivery of
related training content, would similarly benefit from sharing experiences
across disciplines.

The challenges that arise when collecting and comparing a set of isolated
discussions of specific disciplinary approaches should not distract from the
value of those approaches. The widespread interest in things like design think-
ing, systems thinking or entrepreneurial thinking should be celebrated. It
demonstrates that people recognise the limitations of their own habitual
approaches, and the opportunities that lie in adopting approaches from other
disciplines that they might otherwise neglect. The delivery of training in these
approaches — and people’s participation in that training — should also be
celebrated. The successful formulation and application of this learning shows
that people don’t require full immersion in a discipline’s history, materials and
techniques to benefit from some of what characterises that discipline. Instead,
such training offers individuals and groups an accessible route to expand the
range of approaches available to them, focussing on what can be learnt and what
can be applied across domains.

Despite all there is to celebrate about disciplinary approaches, a more coord-
inated project is required, one which will view each approach as a member of
a larger set. By focussing on the different members of that set, and their
relationship to each other, each member can be understood better, as can the
nature of the set itself. In striving for this, there are various methodological
options available to us, which individually or collectively could progress our
understanding of each disciplinary approach and the larger set to which they
belong. This in turn could transform the definition, selection, combination and
application of disciplinary approaches, both within disciplinary boundaries and
also beyond them. To achieve this, a programme for future work would include
several key points:

= researchers interested in a single disciplinary approach should
= review work on other disciplinary approaches to identify similarities and
differences, whether conceptual, methodological or pedagogical
= specify the kinds of things that their disciplinary approach is, and ensure
that any components are consistent with that
= review work on taxonomies of thinking and higher-order thinking skills to
build on them or contribute toward them
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= researchers interested in multiple disciplinary approaches should (in addition

to the above points)

= design and conduct studies to understand how different disciplinary
approaches arise and develop in individuals and groups

= design and conduct studies to compare the disciplinary approaches exhib-
ited in different sub-disciplines (within and across disciplines)

= design and conduct studies to compare how individuals and groups from
different disciplines approach the same task

= explore alternative categorisations of disciplinary approaches (e.g. not
necessarily referring to design or entrepreneurship)

= develop and test maps of the relationships between disciplinary approaches

= educators interested in single or multiple disciplinary approaches should

= communicate the general concept of disciplinary approaches to learners

= situate any specific disciplinary approach in the context of other approaches
that are already known to learners

= explicitly deal with the concept of transfer, and explore the challenges of
far transfer

= design educational interventions in such a way that transfer can be meas-
ured and assessed.

To establish the kind of thing that disciplinary approaches are, I began this work
with the stub of a joke about a designer, an ecologist and an entrepreneur.
Reconsidering the assumptions behind that joke now, perhaps it is not so
important how each individual thinks and behaves in isolation, but is more
a matter of how their thoughts and behaviours relate to each other’s. If they
could identify and explore those relationships then they would be better placed
to understand what distinguishes each of them, but also what unites them. They
might even decide that other disciplinary approaches are required to address the
scenarios they confront, and then identify people who see the world, orient
toward it and act upon it in ways that complement their own. For them to do this,
it would be useful to have access to a map showing many different approaches,
and how those approaches are related. In this work, I have explored many of the
problems that would be encountered in trying to piece together such a map, but
I hope to have also illustrated some of the possible forms such a map could
eventually take, the source material that would be required to construct it and
the benefits it might subsequently offer.
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