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ABSTRACT: Over the last three decades, design fixation research has emerged as a distinct
and productive area of design creativity research, and of design research more generally. In
studying an applied aspect of human behaviour, fixation research is unusually restricted in
its methodological choices, primarily adopting experimental and statistical approaches. The
few relevant qualitative studies remain isolated from the core experimental literature. This
limited diversity and limited integration restricts our ability to interpret the relevance of prior
work, plan new studies and impact practice. By viewing research as a creative design
activity, | argue that the fixation research community is well placed to study and change its

own behaviour, and also to inform the behaviour of other research disciplines.
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psychology of design.

Forty years ago, in the first volumes of this journal, an emerging discipline that was
recognising the value of multiple approaches to designing was also recognising the value of
multiple approaches to researching. This was demonstrated in several articles from the 1979
issues which explicitly discussed methodological choices. For example, Thomas and Carroll
(1979) reported on various studies of design psychology based on observations,
experiments and introspection. The results from their qualitative studies informed the design
of subsequent experimental work, and their future research plans included further interaction

between controlled laboratory studies and complex field studies (also see Carroll, Thomas, &
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Malhotra, 1979). This engagement with the relative merits of different research approaches
could also be seen in Darke’s (1979) reports on interview case studies with practising
architects, promoting the benefits of self-report methods over the analysis of design
documents when trying to collect information about mental processes. More generally, in
reviewing the options available for studying designers, Bessant (1979) listed the strengths
and weaknesses of different methods, concluding that survey techniques and their
associated data reduction methods had restricted previous research: “What we need now
are further developments to break this ‘methodological parochialism’ and the notion of
multiple-method study appears to offer this” (p. 78; also see Bessant & McMahon, 1979).
Clearly these authors were concerned not just with questions about what design is, how it
should be practised and how it might be taught, but also with questions about how it could
be studied.

Looking at design research today, the discipline as a whole demonstrates methodological
diversity, with a wide range of research topics each attracting a wide range of different
approaches (for an analysis, see McMahon, 2012). However, whilst the total number of
topics and methods might have grown, there is less evidence of methodological comparison,
argumentation or reflection. In this article | return to some of the discussions in those first
issues of Design Studies, but rather than considering all of design research, | focus instead
on studies of ‘design fixation’, a part of ‘design creativity’ research and a topic that happens
to fit well with many of those articles from 1979. Whilst | examine design fixation research in
detail, | invite readers to consider how the discussion relates to the study of other specific

topics that might interest them, whether within design research or elsewhere.

In attending to issues of methodological diversity, | argue that design fixation research is
largely mono-methodological, dominated by the application of techniques associated with
controlled experiments. This experimental work is largely disconnected from relevant
research that applies other methods, especially expert interviews and industry case studies.
The direct results of this are threats to validity and relevance, and difficulty in assessing the
nature and scale of those threats. Less directly, a lack of methodological diversity also limits
the confidence that researchers can have in the recommendations they make for improving
practice. This is a critical issue for a research topic that is often framed in terms of problems

with actual design work and potential remedies to such problems.

In conducting research into design fixation, we are dependent on the application of diverse
research methods to establish definitions of what it is, an accurate understanding of how it
operates and reliable proposals for how it can be influenced. This is because the application

of a single research method (or restricted set of methods) to a phenomenon inevitably



distorts that phenomenon to suit the methods. Such distortion remains invisible when
alternative perspectives are not available or not integrated. The risks are that we fail to
develop an adequate understanding of the thing of interest or that we develop an

understanding of the wrong thing altogether.

My analysis of design fixation research is framed relative to debates in other disciplines that
have considered the status of their methodological commitments, the consequences of those
commitments, the changes that are necessary and the challenges to making those changes.
Interestingly, many of these debates about research behaviour can be seen as an analysis
of the creativity and fixation exhibited by research communities. As such, researchers
interested in design, creativity and fixation can apply their domain knowledge not just to
understanding the subjects they study, but also to understanding how those subjects should
be studied. These researchers are therefore well placed to identify and improve the

behaviour of various research disciplines, including their own.

1. Creativity and fixation

Before we look at the methods used to research ‘fixation’, let’s briefly consider what that

term normally refers to and how it relates to ‘creativity’.

When designers work on problems for which there is no obvious solution they must generate
novel and appropriate ideas, thereby demonstrating creativity (Runco & Jaeger, 2012; also
see Howard, Culley, & Dekoninck, 2008). As a contributor to product innovation, creativity is
a key determinant of many organizations’ commercial success and of a region’s or nation’s
economic health (e.g. see Ekvall, 1996; Cooke, 2001). Creativity is therefore considered to
be an important aspect of design performance and is the stated objective of much design
education (Cropley & Cropley, 2010; Demirkan & Afacan, 2012). These factors all promote
the importance of understanding, assessing and enhancing creative design work. Such work
may require the rejection of prior assumptions, including assumptions about the problem to
be addressed and the solution that is required (Newell, Shaw, & Simon, 1962; also see
Dorst, in press). Such assumptions are commonly taken to originate in the designers' prior
experiences or in their exposure to some stimulus in the working environment. Where such
experiences or exposure inadvertently restricts the designers’ imagination this is called

'design fixation’.

Although there was some prior published work referring to ‘design fixation’," Jansson and

Smith’s article of that title, published in this journal in 1991, sparked a stream of research



that could now be considered a sub-field in its own right, one aimed at understanding
creativity by studying when and how it is compromised. Jansson and Smith (1991) drew on
various theories of mental blocks in psychology when devising a way to measure fixation in a
conceptual design task. They reported on three experimental studies where student
participants worked on design problems such as a car-mounted bicycle rack, a measuring
cup for the blind or a disposable spill-proof coffee cup. Alongside the design briefs, some of
the participants were also presented with pictures of example solutions. The performance of
these participants was compared to that of a control group who were not exposed to the
example solutions. Jansson and Smith identified the occurrence of fixation in their
experiments when it was observed that the participants exposed to the example solutions
repeated key features of those solutions more often than those in the control group who
were only provided with the design problem. This behaviour persisted even when
participants were instructed to avoid repeating particular features of those example
solutions. Because the features of the examples were intentionally problematic (i.e. they
contradicted the requirements) this feature repetition was taken to be unconscious and
counterproductive. Although seldom referred to, Jansson and Smith’s (1991) article also
reported on a fourth study with professional designers, demonstrating the occurrence of the

fixation effect beyond the student participants who had participated in the first three studies.

Since the publication of Jansson and Smith’s work, many similar studies have been
conducted. These studies are now sufficiently numerous that dedicated literature reviews
have recently been published (Alipour, Faizi, Moradi, & Akrami, 2017; Sio, Kotovsky, &
Cagan, 2015; Vasconcelos & Crilly, 2016). Many articles reporting on empirical or theoretical
work also include detailed reviews of the experimental studies (for recent examples see
Agogué, Kazakgi, Hatchuel, Le Masson, Weil, Poirel, & Cassotti, 2014; Cheng, Mugge, &
Schoormans, 2014; Moreno, Blessing, Yang, Hernandez, & Wood, 2016; Viswanathan,
Atilola, Esposito & Linsey, 2014; Youmans & Arciszewski, 2014). Given the availability of
thorough and up-to-date reviews of the experimental work on design fixation, there is no
need to review that work here. Instead, let’s consider discussions of phenomena related to
design fixation before 1991, discussions which frame the relevant phenomena in terms that

are independent of any particular method of data collection or analysis.

Although Jansson and Smith’s work brought the concept of design fixation to the attention of
many researchers, fixation and closely related phenomena had long been discussed with
respect to design. For example, Woodson’s (1966) Introduction to Engineering Design refers
to the importance of “breaking mental set” (p. 89; also see Lewis & Samuel, 1989, p. 34) and
Rittel (1971) warns that “a good solution is missed because of the fixation of the designer to

a pet idea” (p. 20). Many other such passages can be found across different literatures:



Whitfield (1975) discusses the role of creative work in industry, warning that “Habit, ‘set’ and
expectation” restrict a designer’s thought processes (p. 40); Tracz (1979) explores the
psychological challenges of computer programming, complaining that the best solution to a
problem might not be seen because of a “fixation to one approach” (p. 133). Discussing such
matters in more detail, Lawson (1980) describes various ‘traps’ that designers might fall into,
including “the category trap” — thinking within a category (and therefore transferring ideas
over from other category examples automatically) (p. 152) and “the puzzle trap” — imagining
that there are rules that cannot be deviated from (and therefore adhering to them
unnecessarily) (p. 155). Even if we limit our search to this journal, several years before
Jansson and Smith’s article was published a related concept had been discussed by Hubka
(1983) who advised that employing intuition and imagination to think of potential solutions
prior to identifying existing solutions poses “less danger of mental set, or fixation” (p. 194;

reprinted from his book of 1982, p. 40; also see pp. 56, 68).

The long-held concern for how designers might become set, stuck, blinkered or blinded was
typically expressed in terms of the work of practising designers, across disciplines, design
stages, experience levels and problem types. However, since the publication of Jansson and
Smith’s study, design fixation research has primarily applied laboratory-based methods that
are restricted to a narrower range of phenomena. These studies often either explicitly
associate creative design with early-stage design activities or that association is implicit in
the design tasks that participants are required to work on. The problem brief is often
relatively open, requiring divergent thinking from the participants who are asked to explore a
wide range of possible solutions to the problem. The participants are mostly students who
must work individually, perhaps for an hour or less, producing annotated sketches to develop
and record their work. It is these sketches that form the bulk of the data that the researchers
then analyse, focusing on counting and classifying the ideas that the participants have
generated rather than the processes through which those ideas were developed (for a
review of such methodological factors, see Vasconcelos & Crilly, 2016; but also see
exceptions, such as Goucher-Lambert, Moss & Cagan, 2019; Moreno, Hernandez et al.,
2014, Neroni & Crilly, 2019; Youmans, 2011a; 2011b; Zhang, Xie & Nourian, 2017).

2. Consensus and conformity

The widespread adoption and adaptation of Jansson and Smith’s method has allowed some
consensus to develop, especially around the definition of the phenomenon of interest (but for

a deeper analysis see Youmans & Arciszewski, 2014). Partially in response to this, Purcell



and Gero (1996) had warned early on that “we as researchers need to be wary of becoming
fixated on our conception of what fixation is” (p. 381). However, this risk of researchers
exhibiting restricted imagination might apply not just to their fixation on an interpretation of
the phenomenon of interest but also their fixation on how it should be studied. If
understanding the occurrence of design fixation is seen as the research ‘problem’, and
Jansson and Smith’s method is an example ‘solution’ to that problem, does subsequent
research exhibit repeated features of that example solution or do we see wide-ranging
exploration of the problem and solution spaces? Put differently, if the corpus of design
fixation research (after 1991) were collected and analysed how would it score on
methodological ‘originality’, ‘repetition’, ‘diversity’, and other metrics used in fixation
research? Going further, how might the outputs of a comparable group score, such as a
group who had only read the accounts of fixation-related phenomena in design that predate

Jansson and Smith’s study?

Describing fixation researchers as being fixated might seem facetious, but it connects with
two serious perspectives on research: (1) that research should be viewed as a creative
activity, and (2) that researchers should apply their own domain knowledge to better
understand how their disciplines behave. For examples of the first point we can look to
Kara’s (2015) review of the many ways in which creativity is evident in the development,
selection and implementation of research methods, as well as activities of research analysis,
reporting and dissemination (also see Dale & Mason, 2011). For examples of the second
point, we can consider how Podsakoff and Dalton (1987) explain Organisational Science’s
persistent conformity to certain methods by referring to their own field’s ‘Diffusion of
Innovation’ model (Rogers, 1983). Similarly, when Knudsen (2003) argues that
Organisational Science should expand its methodological options, he says that “[this]
position should not be seen as surprising since it is just an application of organisational

learning theory [...] to the field of organisation studies itself” (p. 264).

In cases where researchers are studying creativity or design, the two points outlined above
must overlap. For example, Runco (2015) argues that creativity researchers should learn
from their own findings to make future creativity research more creative (a concept he terms
‘meta-creativity’). Runco cites Cropley’s (e.g. 2006) work as an instance of such an
approach, referring to Cropley’s intentional shifts in perspectives and his repeated
questioning of prior assumptions. Similarly, Reich (2017) argues that design researchers
should use design knowledge, methods and tools in designing their research, because such
an approach improves outcomes. If fixation researchers were to be creative and apply their
domain knowledge to establishing how the topic should be studied, how would this look?

Perhaps minimally, it might be expected to involve questioning the research problem,



checking for unnecessary assumptions and then exploring a wide range of possible
solutions. However, the preferred research ‘solution’ is apparently the laboratory experiment,
and the research ‘problem’ and any assumptions about it appear to remain largely
unchallenged. This apparent persistence stands out against a background of increasing
concern about the influence of cognitive biases in scientific research (Nature Editorial, 2015;
Nuzzo, 2015). We might expect experts in design fixation to be especially sensitive to those
issues, not just for tasks of limited scope that are currently receiving attention (such as
confirmation bias in data analysis) but also for more open-ended tasks where a wide range

of possible options might be considered (such as method development in research design).

It is not just design fixation research which exhibits a preference for experimental methods,
but also design creativity research more generally. In response to this there have been
repeated requests for an increase in methodological diversity. For example, in the inaugural
issue of the International Journal of Design Creativity and Innovation, Badke-Schaub (2013)
complains that “empirical research on creativity is often conceptualized as experimental
research. Most of these studies are producing singular results standing alone and are hardly

mirroring the complexity of the ‘real world.” (p. 13). In that same issue, Linsey (2013)
observes that “We require approaches that can study a range of phenomena from individual
cognitive mechanisms to innovation within a company. We need to be able to connect the
data collected with multiple approaches ranging from highly controlled laboratory
experiments to long-term observational studies” (p 29; also see Goldschmidt & Tatsa, 2005,

p. 610; c.f. Smith, 2013, p. 12).

These calls for methodological diversity reflect the expectation that there are many
differences between how design activities occur ‘in the lab’ and how they occur ‘in the wild’
(Ball & Christensen, 2018; Cash, Hicks, & Culley, 2013). Might such differences also be
expected in the study of design fixation? Well, for clues to answering this question we can
look to Dunbar’s (2001) discussion of how naturalistic settings promote the construction of
creative analogies based on deep structural relations whilst laboratory studies promote the
construction of analogies just based on superficial similarities. More generally, Cropley
(2000) reports on the limited predictive validity of creativity tests when compared with
subsequent creative attainment in real life (p. 78). Turning from invention to duplication,
consider Linnebank, Kindt and de Wit's (2018) observations that habits form rather
differently in laboratory tasks to how they do in the wider world, prompting the development
of new theory (also see Marien, Custers, & Aarts, 2019). With such differences in mind,
there have been recent calls for studies that detail the contexts within which design fixation
occurs (Crilly & Cardoso, 2017; Linsey, Wessen, & Ziemer, 2016, p. 6). Having such

descriptions would allow a better understanding of the real settings to which the



experimental studies relate and a better understanding of the strengths and limitations of
such studies (for similar arguments in design research more generally, see Blessing &
Chakrabarti, 2009, p. 80; Cash, 2018).

3. Field and laboratory

Although they are not part of the core design fixation literature, there are accounts of design
fixation (or similar phenomena) occurring in the ‘real world’ (for a review, see Crilly, 2019).
For example, French (1971/1998, p. 201) describes the design of early gas turbines at Rolls-
Royce, focusing on arbitrary decisions which initially passed unnoticed, preventing the
recognition of improved design options (p. 201). More extensively, Landis (1998, p. 214)
provides a detailed and illustrated account of Ron Hickman'’s design of a portable
workbench, including the role of convention in initially inhibiting the acceptance of new ideas
(also see Hickman and Roos, 1982). Cross (2001, p. 55) provides an account of Kenneth
Grange’s work on a high-speed train, detailing Grange’s report of how technical
opportunities had been overlooked by the engineers because of precedent. More recently,
Crilly & Morosanu Firth (2019) provide an account of Brian Meek’s development of a new
handsaw, documenting how the original manufacturing method slowed the recognition of a
superior approach to shaping the components. These accounts and others like them
typically provide some illustration of the design work progressing and report on the
designers’ own perspectives on why design changes were or weren’t made at particular

moments.

In addition to explicit accounts of fixation episodes in design projects, there are reports of
practising designers reflecting on contexts and behaviours that are related to fixation. There
are many examples of this in Crilly’s (2015) interviews with expert design consultants. Earlier
examples can be found in Roy’s (1993) study of James Dyson (e.g. see p. 440), Cross and
Clayburn Cross’ (1996) study of Gordon Murray (e.g. see p. 98) and in Candy and Edmonds’
(1996) study of Mike Burrows (e.g. see p. 77). These and similar studies report on the
researchers’ analyses of various contexts and behaviours relevant to fixation, based on
evidence from practice. Some of these accounts make explicit reference to fixation effects,
for example in the context of solution search (Busby & Lloyd, 1999a; 1999b), adaptation of
prior work (Eckert, Stacey, & Earl, 2005), computer-based design support tools (Robertson &
Radcliffe, 2006; 2009) and inspiration storage and retrieval methods (Herring, Chang,
Krantzler & Bailey, 2009). These are just some examples, but there must be many more,

spread across various literatures (for more detail, see Crilly, 2019).



Because research approaches can be defined according to many different dimensions it is
often difficult to make clear distinctions between recognisable streams of research, such as
labelling some work as ‘quantitative’ and other work as ‘qualitative’ (e.g. see Morgan, Gliner,
& Harmon, 1999; Walsh, 2012). For design fixation such distinctions are fairly unproblematic
though. Most of the relevant work does indeed fall into one of two categories: that which is
controlled, experimental, laboratory-based and quantitative, and that which is naturalistic,
field-based, context-oriented and qualitative. It might seem from the brief review above, that
both of these forms of research have investigated design fixation and therefore that the
subject might already benefit from good levels of methodological diversity. There are, after
all, not just laboratory studies of students undertaking artificial assignments, but also
accounts of design fixation occurring ‘in the wild’ and studies of the work activities that are
relevant to such occurrences. However, there is a far greater volume of experimental work

and a clear separation between that work and the qualitative work that it might relate to.

Many experimental studies make some general reference to real-world contexts and
practices, especially with respect to the use of visual stimuli (e.g. with citations to Eckert &
Stacey, 2000; Henderson, 1999; Keller, Pasman, & Stappers, 2006). However, these
references are seldom part of any detailed review, and it is extremely rare for experimental
studies to refer to contextual accounts where fixation-related phenomena are discussed.
One notable exception is Heylighen and Verstijnen’s (2003) reference (albeit in an endnote)
to interviews with architects who describe fixation-related effects; they cite interviews by
Heylighen and Neuckermans (2002, e.g. see p. 10) and Lawson (1994, the Venturi and
Brown cases). Looking at it the other way round, the qualitative literature related to fixation
makes only a few references to the experimental literature, and that is often just to establish
the basic concept and cite the origin of a term or definition. It would seem that despite similar
interests and objectives (whether stated or implied), these two related literatures effectively

belong to different communities (see Figure 1).2



[Nijstad et al., 2002]
[Perttula-&Sipila, 2007]

[Liikkanen & Rerttula, 2008]
[Viswanathan et al, 2014]

[Chrysikou & Weisberg, 2005]

[Toh & Miller, 2014] [Purcell & Gero, 1996] {Robertson & Radcliffe, 2009}
[Youmans 2011a]
i {Roy, 41993}
[Youmans 20 11 b] [Agogué et al., 2014] {Darke, 1979}
P 11 & G0, 1999] {Eckert, Stacey & Earl, 2005} {Cross & Claybum Cross, 1996}
urcel ro,
[Smith etal; 1993] {Busby &Lioyd, 1999a} {Maccoby, 1991}
[Purcell et al., 1993] {Candy & Edmonds, 1996}
{Cross; 2001}
[Cardoso & Badke-Schaub, 2011] [Jansson & Smith, 1991]

[Sarkar & Chakrabarti, 2008] {Lawson, 1994}

{Yilmaz & Seifert, 2011}
[Goldschmidt & Smolkov, 2006] [Cheng ebal;, 2014]
[Wilson et al., 2010]

[Linseyé&al., 2010]
[Yilmaz etal., 2010]

[Dahl & Moreau, 2002]
[Tseng e\lal, 2008]

[Chan etal., 2011]

[Moreno etal., 2014)] {French, 1971}

[Fu etal., 2013]

Figure 1. Citation network of publications related to design fixation (sampled from recent literature reviews by Crilly, 2005; 2019; Sio et al., 2015; Vasconcelos
& Crilly, 2016). Texts reporting experimental studies are shown as red nodes [and author-date are in square brackets], mostly clustered to the left; texts
providing qualitative accounts are shown as blue nodes {and author-date are in curly brackets}, mostly clustered to the right. Edges (links) between nodes
represent citations, with the edge colour matched to the citing text. Node size is scaled with incoming citations (from nodes within this network only). The
layout of the network is force-directed so that well-connected texts are closer together than less-well-connected texts. Only texts with two or more citations
within the network are included. The graph was generated using ‘Gephi’ (Bastian, Heymann, & Jacomy, 2009). See the link in the Acknowledgments for the
underlying data, a detailed description of the graphing method and a discussion of the limitations of citation analysis.
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The lack of theoretical integration outlined above is apparent when reading the content of
experimental and qualitative studies and can also be seen in discussions of the general
themes that emerge from those studies. Recent reviews of the design fixation experiments
emphasise the presentation of example solutions as stimuli, including the timing of stimuli
presentation, their modality, fidelity, novelty, quantity, diversity and ‘distance’ from the
problem (Alipour, Faizi, Moradi, & Akrami, 2017; Sio et al., 2015; Vasconcelos & Cirilly,
2016). In contrast, the themes emphasised in the relevant case studies and interviews
include personal experience, intrinsic motivation, persistence, holistic thinking, depth of
enquiry, and iterative sketching, making and testing (see review in Crilly, 2019). It would be
possible to make at least some connections here, but because each of these different
literatures does not engage with the details of the other, the two different types of study
remain separate, whether in terms of background, research design, data analysis,
acknowledged limitations or proposed future work. This fits with the general observation that
even if qualitative and quantitative researchers use the same terminology to describe some
phenomenon of interest, they are often referring to fundamentally different things (Sale,
Lohfeld, & Brazil, 2002, p. 48).

Whilst a clear separation between research conducted by different methods might not be
surprising, it is neither necessary nor helpful. For example, there are specific topics in design
research and creativity research which have benefitted from combining studies using
different methods. Research on ‘change management’ demonstrates methodological
diversity with theoretical integration: industrial case studies and real-world data sets have
been produced (e.g. Clarkson, Simons, & Eckert, 2004; Giffin, de Weck, Bounova, Keller,
Eckert, & Clarkson, 2009; Pikosz & Malmqvist, 1998) and these are used in subsequent
theory development, modelling and tool building work (e.g. Pasqual & de Weck, 2012; Reddi
& Moon, 2009; Siddharth & Sarkar, 2017). Design fixation research is starkly different to this,
but also different to contemporary creativity research, which has corrected its previously
narrow approach. In surveying the history of the field, Mumford (2003) noted that “our
overreliance on divergent thinking tests [...] became a real problem unduly limiting the scope
of creativity research while raising the specter of method bias in both theory and findings” (p.
108). He reports that the subsequent rise of a wider range of research methods, including
historiometrics, neuroscience, interviews and document analysis led to a more complete
understanding of people’s creative work (for related discussions in other disciplines see
Johns 2003, p. 160; Martocchio & Harrison, 1993).

11



4. Validity and relevance

Observing that design fixation experiments are seemingly detached from accounts of real-
world design activities raises concerns about external validity, a subject of concern for
design creativity research (Kazakci, Gillier, Piat, & Hatchuel, 2015), and for creativity
research more generally (Cropley, 2000; Runco, 2017; Wechsler, Vendramini, & Oakland,
2012). The external validity of research is a complex subject, with many overlapping
concepts related to the way in which the design of a study is (or is not) representative of the
populations, environments and tasks of interests (for history and discussion, see Araujo,
Davids, & Passos, 2007; Bracht & Glass, 1968; Schmuckler, 2001). However, here we can
limit ourselves to considering how the application of different methods can contribute to the

validity of claims that a research community makes about its findings.

For this, Brewer's (2000, p. 3-4) distinction between three different research purposes (and
their commonly associated research methods) is useful: (1) empirical demonstration that a
phenomenon occurs (most often conducted in the field); (2) identifying causation and not just
covariation (most often studied in the laboratory); (3) providing explanation, not just what
factor affects what, but why and how (most often studied in the laboratory). Interestingly, for
design fixation research, claims about the occurrence of the phenomena of interest (purpose
1) have typically been supported by referring to studies conducted in the laboratory rather
than the field. Furthermore, the available field studies (see earlier summary) are not
commonly referred to in the laboratory studies that seek causation and explanation
(purposes 2 and 3). Comparisons can be made with the related area of ergonomics where
there is much closer attention given to the interplay between naturalistic studies of the work
context and experimental studies of the underlying phenomena of interest. This interplay is
evident in recommendations for enhancing the validity of ergonomic research generally (see
Hoc, 2001, pp. 285-286), and ergonomic research of design activities in particular:
“laboratory studies dealing with the design process must demonstrate a sensitivity to the
complexity of the real world context by being based upon an understanding of that context.
There are at least two ways to achieve an understanding of that context: [...] naturalistic
observations of experienced designers engaged in the design process carried out in field
settings [...and...] eliciting knowledge about the design process directly from experienced
designers” (McNeese, Zaff, Brown, Citera, & Selvaraj, 1993, pp. 1082-3).
Even though experimental studies need not replicate all the contextual details of the real-
world (see Berkowitz & Donnerstein, 1982; Henshel, 1980), studies of the real world might
provide the basis for deciding what people, tasks or contexts are considered most relevant,
usefully informing the design of experimental work and the generalizations that are made

from them. Conversely, the experimental findings might direct attention to new causal
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relations or underlying mechanisms, inspiring new lines of qualitative enquiry. In illustrating
this, Barnard (1991, p. 105) shows that representations of discovery and representations of
application mediate between the real world and the scientific understanding of that world.
The discovery representation simplifies the real world, constraining the scope of what is
assimilated into scientific research, and thereby constraining the possible applications that
can later be derived from it (also see models by Ellstrom, 2007, p. 5; Hevner, 2007, p. 88;
Long & Dowell, 1989, p. 15). These derived applications can take the form of interventions
intended to improve the state of things in the world, a process that further informs basic
research (for examples from design see Cole, Purao, Rossi, & Sein, 2005; Shneiderman,
2016; for psychology see Leibowitz, 1996; Medin, 2012).

Neither laboratory studies nor field research (whether basic or applied) are being presented
as superior here. Valid or invalid claims might be made from either of them (e.g. see Brewer,
2000, p. 15; Hoc, 2001, p. 283). In fact, comparative meta-analyses of hundreds of studies in
organizational psychology have shown that each approach has its own distinct forms of bias:
a bias toward student samples in laboratory studies and toward self-report methods in field
research (Dipboye & Flanagan, 1979, p. 147-148 also see Vanhove & Harms, 2015, p. 665).
Although the claims made about field research can have high external validity for the
particular situation being referred to, generalising beyond that situation requires an abstract
representation of the phenomena under investigation (see Hoc, 2001, p. 283). Such
representations might be derived from theoretical work or experimental studies, which might
in turn be informed by fieldwork, and so on. Different kinds of study indicate different
phenomena of relevance which allow the validity of claims made from research to be better
understood and assessed. The current disconnect between experimental and qualitative
research into design fixation makes assessment of validity difficult and means that the
inherent weaknesses of different methods are not being mitigated by other approaches (see
Mingers & Brocklesby, 1997, p. 492; also see models by McGrath; 1981, p. 183; Weick,
1979, p. 35).

The belief that different research approaches should be coexist is often referred to as
methodological pluralism. Calls for such pluralism can be heard in a wide range of research
disciplines, including the Natural Sciences (Chang, 2012), Organisational Science (Knudsen,
2003; Martin, 1993; Podsakoff & Dalton, 1987), Construction Management (Dainty, 2009;
Raftery, McGeorge, & Walters, 1997), Information Systems (Mingers, 2001), Medical
Informatics (Kaplan, 2001), Economics (Norgaard, 1989), Cultural Studies (Phillipov, 2013),
Psychology (Crawford & Kimmel, 1999; Breen & Darlaston-Jones, 2010), Human Resources
(Johns, 2003), Nursing (Rolfe, 1995) and Ergonomics (Hancock & Szalma, 2004; Hignett &

Wilson, 2004). Similar concerns are also evident in fields that are traditionally constructivist,
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holistic or qualitative, including specific branches of Sociology (Lamont & Swidler, 2014),
Psychology (Frost & Nolas, 2011) and Cultural Studies (Phillipov, 2013).2 In many of these
disciplines, arguments for pluralism are motivated by particular features of the subject
matter, features which they share with design fixation research. For example, writing of
ergonomics,* Hancock and Szalma (2004) argue that “in dealing with human beings,
ergonomics is categorically unable to intrinsically limit itself solely to mathematical and
quantitative methodologies. Like ethnology and anthropology, ergonomics must seek diverse
strategies to comprehend the complexities of behavior in context” (p. 500). This view that
understanding human behaviour demands a diverse range of methods is widespread in the
human and social sciences (for detailed discussions, see Johns, 2003, p. 160; Perrow, 1994;
Rolfe, 1995).

Consideration of the complexity of human behaviour raises another important point: research
itself is an example of human behaviour, and one which does not always result in the
selection of the most favourable approaches. For example, Knudsen (2003, pp. 263-264)
describes the behaviour of a research field in a way that will seem very familiar to those
used to thinking about design fixation. He notes that fields with too little pluralism risk being
caught in a ‘specialization trap’, where the search for alternatives is diminished because the
exploitation of the normal way of doing things is seemingly effective and efficient. In contrast,
fields with too much pluralism risk being caught in a ‘fragmentation trap’, where there is
overwhelming variety in the objectives set and the activities undertaken. These descriptions
of specialisation and fragmentation sound a lot like Purcell and Gero’s (1996) report on how
their two different participant groups behaved in fixation experiments: the mechanical
engineering students exhibited “fixation [...] with an example design that embodied principles
that formed a part of the knowledge base of that discipline” (p. 379), whereas the industrial
design students did not suffer from this problem in the same way but were instead seemingly
pursuing novelty for its own sake, “fixated’ on difference” (p. 382). Neither of these
behaviours is adaptive, because creativity requires a balance of exploratory breadth and
developmental depth: divergence and convergence are both necessary, whether in design,
research or other activities (for design see Muller-Wienbergen, Miller, Seidel, & Becker,
2011; Cropley, 2006, p. 402; for other activities see Cropley, 2006; Oliver, Heracleous, &
Jacobs, 2014).
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5. Development and adaptability

Although the application of diverse approaches is seemingly beneficial, academic disciplines
are often at their most productive when operating within a well-developed paradigm that
establishes consensus for what the subject under investigation is, how it should be studied,
what quality standards to apply and how it should be reported. This consensus promotes
coordination within the social structures of a discipline, including those structures related to
meetings, publications, funding and recruitment (for classic discussions see Kuhn, 1962;
Lakatos & Musgrave, 1970; Polanyi, 1958). Concepts of paradigm development originated in
the physical sciences but have also been applied to the human sciences, perhaps most
pointedly in Pfeffer’'s (1993) critical analysis of Organizational Science, where he lists
numerous indicators of a field’s development, such as the publication of articles rather than

books and the citation of recent rather than historic works (p. 601).

Concerns over a low level of paradigm development within design research can be seen in
McMahon'’s (2012) and Cash’s (2018) calls for greater levels of coordination in the
discipline’s theories and methods. For many topics within design research, there is a variety
of possible terms and definitions and a sprawling web of relevant work from across many
fields and periods. Paradigm development would aim to reduce such fragmentation and
tackle competition from outside (for concerns about design research being neglected by
other disciplines, see Cash, 2018, p. 85). When considered in these terms, design fixation
research might seem to be paradigmatically well developed compared to some other areas
of design research. Having a well-defined topic helps with this, as does having a clear
intellectual history, both within design research (since the 1990s) and in psychology (since at
least the 1940s). Perhaps because of this, work published on design fixation is being cited in
management journals such as Management Science (Bayus, 2013), Journal of Marketing
Research (Dahl & Moreau, 2002) and Journal of Product Innovation Management
(Hoornaert, Ballings, Malthouse & Van den Poel, 2017) and psychology journals such as
Neuroimage (Beaty, Christensen, Benedek, Silvia, & Schacter, 2017); Thinking & Reasoning
(Sowden, Pringle, & Gabora, 2015) and Neuropsychologia (Camarda et al., 2018).

Paradigm development brings many possible benefits, including efficient communication
(short articles, low rejection rates, cross-citation) and resource allocation (funding, staffing,
collaboration) (see Pfeffer, 1993, pp. 602-607). However, there are also arguments against
such development, many of which emphasise that the study of complex human actions and
interactions should exhibit more diversity at the expense of coordination (for such claims
made specifically in response to Pfeffer’s position, see Perrow, 1994). Most of the

arguments for methodological pluralism reviewed earlier take this line. In their stronger
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forms, such arguments raise concerns that severe methodological restriction results in a field
distorting the subject of interest to suit the methods that have been chosen, even if that
choice is driven by implicit ideological commitments (e.g. see Lawson, 2012). In advancing
this argument, Mackenzie and House (1978) refer to the “Type 1’ and ‘“Type 2’ errors that
much of statistics is generally concerned with, but they indicate that mono-methodological
approaches risk another, more critical, type of error which might pass unnoticed:®
“Theory building which is restricted to a single setting can become sterile, ingrained, and
increasingly arcane. [... By our argument,] The error of working on the wrong problem
(examining twigs on a dead branch) is considered more serious than accepting a false
hypothesis (calling a twig "alive"” when it is not), or rejecting a true hypothesis (calling a twig
"dead" when it is alive). Because the error of working on the wrong problem (a type 3 error) is
rarely mentioned, even in conversations, and because conventional statistics does not treat
this important error, seeking rejections is likely to be efficacious in generating better theory”
(p. 21).
Put simply, paradigm development is only productive if the paradigm being developed is
relevant. Considering design fixation research in these terms, we might ask if the
experiments are targeting the phenomena of most interest, or just the phenomena to which

the methods are best suited.

Despite many suggestions that debate and divergence are in opposition to paradigm
development, this is not necessarily the case. Pfeffer (1993) lists five issues that a discipline
or sub-field might disagree over: (1) the questions that are important; (2) the ways to
measure or model the variables; (3) the data collection and analysis methods to be used; (4)
the theoretical models of behaviour that guide the research; and (5) the means for
determining which approach to the first four issues is most productive. He states that a field
disagreeing over all five areas will not make progress of any consequence, but that
“Theoretical and methodological diversity may be adaptive as long as there is some
agreement over fundamental goals and on a set of rules to winnow the measures, methods,
and theories on the basis of accumulated evidence” (p. 616). Given its position of
paradigmatic strength, design fixation research could begin to explore more thoroughly some
of the questions that Pfeffer lists, although preferably not all of them at once. To be adaptive
might require questioning assumptions which have previously proven useful in forming and

maintaining consensus.

Concern for whether a field’s behaviour is adaptive is at the heart of the matter:
methodological diversity and paradigm development can be considered in terms of what will
provide the healthiest and most productive foundation for knowledge production. Even

though agreement on concepts, methods and theories encourages efficient research in the
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short term, it does not necessarily give rise to the characteristics that permit flexibility under
changing circumstances. For example, Norgaard (1989, pp. 49-50) critically compared the
multi-methodological approaches applied in ecological research with the mono-
methodological approaches applied in economics research. The methodologically diverse
field of ecology was able to behave flexibly and productively when a focus on the details of
individual cases permitted the dominant logic to be questioned and improved. In comparison,
the methodologically restricted field of economics adhered to its dominant logic despite valid
arguments that those general theories would not hold in specific cases (also see the earlier
reference to Knudsen’s (2003) point about the long-term risks of a field becoming narrowly

specialised).

Interestingly, and somewhat recursively, the example that Norgaard provides in his ecology
case is ‘diversity-stability’ theory, which associates component variety with overall system
resilience (McCann, 2000). Such thinking is present in design research and design practice
too, especially when considering the design of socio-technical and socio-ecological systems
(e.g. see Anderies, 2014; Taysom & Crilly, 2017). Such work suggests that coordinating a
research topic so that it can accommodate unanticipated changes (e.g. new findings,
anomalous findings) would require the incorporation of diversity (e.g. different methods,
alternative theories). Such diversity would mean going beyond simple distinctions between
different kinds of research: field-laboratory or qualitative-quantitative or basic-applied. A
wider exploration might require all of these approaches, or others still, or productive

combinations of them.

6. Breadth and depth

Imagine that the design fixation research community were to recognise a need for increased
methodological diversity and theoretical integration. What challenges might it expect to face
and how might it overcome them? Well, perhaps just as any study of real design processes
recognises that design work does not always adhere to the prescriptions of design textbooks
(e.g. see Cross, 2004), it is useful to recognise that real research processes do not always
adhere to the prescriptions of methodology textbooks. Whilst it is an axiom of research
methodology that the identification of research questions determines the selection of
research methods, Martin’s (1993, p. 41) analysis of research behavior suggests that
methodological preferences (and resource availability) do instead drive question formation.
Similar observations are made elsewhere, with concerns that such behavior can hamper a
field’s ability to impact practice (Podsakoff & Dalton, 1987, p. 438).
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Researchers’ methodological preferences might be influenced by many factors, ranging from
fundamental philosophical commitments to more pragmatic issues such as previous training,
available funding, publication concemns and career aspirations (Easterbrook, Singer, Storey,
& Damian, 2008, p. 294; Mingers, 2001, p.247; Jaffee, Kling, Plant, Sloan, & Hyde, 2016, p.
429). However, increasing diversity and integration does not necessarily require researchers
to change methods. It might instead require that the application of their preferred methods is
informed by the work of other researchers who approach the subject differently. At present
this exchange is seemingly not happening very effectively in design fixation, where the
themes being discussed in the qualitative and quantitative studies are quite different (see
earlier summary). One reason for this might be that different forms of creative design work
are being studied. Many of the qualitative studies have focused on lone inventors working on
personal projects over very long time periods independently of any externally set ‘design
brief’. In contrast, many of the experimental studies appear to be representing formal design
engagements. If there were more explicit descriptions of the kind of design work that is of
interest, then it would be easier to identify and exploit the connections between these
different streams of research. Either way, some action would need to be taken to promote
the flow of ideas between research conducted by different methods as it is widely reported
that such communication is difficult to establish and maintain effectively (Bryman, 2007, p.
21; Greene, Caracelli, & Graham, 1989, p. 270; Martin, 1993, p42).

Another alternative to researchers adopting different methods is for them to seek
collaborations with researchers who specialise in those methods. This would mean the
formation of research teams that represent a diversity of disciplines and approaches,
possibly including industry partners (for the benefits of such collaborations, see
Shneiderman, 2016, p. 157). This suggests that experimental researchers might have
research questions that they would like to see addressed but which are not amenable to
their preferred methods. These questions might, for example, relate to the work contexts of
interest (including variation between contexts), the occurrence of fixation (including the
factors which shape such occurrences), the ‘market’ for interventions (including the preferred
forms of such interventions) and matters related to the factors presently being investigated in
the experiments (such as exposure to examples, physical prototyping, teamwork). It matters
how such questions are formulated, structured, prioritised and communicated because this
will influence who can be recruited to address them (see Agee, 2009; Easterbrook, Singer,
Storey, & Damian, 2008: §2). With the right framing, interested researchers might
subsequently approach the topic of design fixation from a fresh perspective, connect it to
different literatures and employ new research approaches to better understand it. Such work

could either take the form of studies which remain independent of experimental work or
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could be incorporated into mixed-method studies that combine multiple approaches.
Theoretical integration is not assured either way but is likely to be stronger where the
different types of studies are designed in a coordinated manner (Mingers 1997, p. 7; Moran-
Ellis et al., 2006, p. 51; Pluye & Hong, 2014, p. 30).

It is important to recognise that many of the issues discussed in this article are not the
responsibility of any individual researcher and need not be addressed in any individual piece
of work. Concerns for diversity, integration, validity, development and application primarily
arise within research communities and in the bodies of work that they draw from and
contribute to. Although researchers might attend to such matters in specific projects or
extended research programmes, they are perhaps most effectively addressed by the
institutions through which research is coordinated, whether in the form of journal special
issues, conference tracks or funding programmes (Podsakoff & Dalton, 1987, p. 435).
Whether seeking engagement from these research institutions, or seeking influence through
practitioners, educators, students or journalists, it is helpful to be able to tell the right kind of
stories about the subject matter. For this, it is necessary to have accounts of how design
fixation has arisen ‘in the wild’, what the consequences were, and if and how it was
overcome. Because such stories lack the abstraction of more formal research outputs they
can attract the attention of diverse audiences and help to generate interest in, or even
explain, those other outputs (Sayer & Lee, 2014, p. 1275; Sherman & Strang, 2004, p. 211).

My purpose with this article is to stimulate discussion on these topics, whether amongst
individuals or at an institutional level. Such discussions might focus on design fixation in
particular, other topics in design research or research elsewhere. Over the last forty years,
discussions of this kind seem to have declined, even as methodological rigour has
increased, or perhaps because of that. Studies of how institutions, groups and individuals
behave tell us that increased experience with an approach improves performance within that
limited scope but can decrease flexibility in identifying and applying other approaches
(Sternberg, 1996; but also see Bilali¢, McLeod, & Gobet, 2008). This is the sort of thing that
design fixation researchers know about, knowledge which they might use to inform the study
of their own collective behaviour, encouraging wider and deeper explorations. Given that
research is designed and that such design work can suffer from fixation, it might also be that
design fixation research is well placed to inform the behaviour of other research disciplines,

encouraging new explorations there also.
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Notes

' Jansson and Smith’s (1991) Design Studies article titled ‘Design Fixation’ is commonly cited as the
publication that coined that term. However, an earlier report on that work by the same authors, and
with the same title, was presented at an NSF conference (Jansson & Smith, 1989). A student of
Jansson’s had also submitted a thesis reporting similar work in 1988 titled ‘Design fixation: an
inhibition of creativity and quality in engineering design’ (Mauldin, 1988). Gero’s (1990) article on
‘Design Prototypes’ (and earlier variants) also referred to “design fixation, where the provision of a
design description for a specified set of functions limits the designer’s ability to produce structures
other than those found in the design description” (p. 36). Interestingly, the term ‘design fixation’ was
used much earlier with a similar but more general meaning in Garvin’s (1964) essay on creativity in
the architectural design process: “The flexibility of this [systematic] process contrasts sharply with the
design fixation of the [rigid] Beaux Arts method” (p. 4). In a similar historical analysis, Brattinga (1964)
states that early machine-made products exhibited a “fixation with historical forms [which] was a result
of the inability of industry, and its architects and artists, to realize that the machine should produce
forms designed originally for the machine's possibilities” (p. 6).

2 In adopting this general approach for illustrating the theoretical isolation of two streams of research, |
drew inspiration from Wray’s (2010) citation analysis and Weingart's (2015) network visualisation
which they use to claim that despite institutional representations of ‘History and Philosophy of
Science’ (e.g. centres, departments and journals with that name), it is not actually a field of study.
They show that philosophy of science is more accurately a sub-field of philosophy and is
disconnected from the history of science (for a discussion that this situation was already observed
and discussed by Kuhn and others, see Wray, 2010, pp. 428, 429).

3In such fields, calls for pluralism aren’t always calls for the introduction of quantitative methods
however. Instead there are sometimes concerns about an overreliance on open-ended interview
techniques rather than other qualitative approaches (e.g. see Dainty, 2009, p. 7; and for broader
arguments see Janesick, 1998; Taylor & Coffey, 2009). In this sense, arguments for methodological
pluralism in design fixation could just as well be directed at the qualitative work as the experimental
work.

4 One of the disciplines that design fixation research can easily be compared to is ergonomics,
especially cognitive ergonomics. This is because designing can be viewed as a human activity that is
prone to ‘errors' such as fixation. For an interesting example of how this might look, see Thimbleby’s
(2016) ergonomic analysis of the design of the Enigma machine, a design process which exhibited
persistent failures to seek out more effective designs.

5 In statistical analysis ‘Type I’ and ‘Type II’ errors are well defined and commonly understood: a Type
| error (or ‘error of the first kind’) is the rejection of a true null hypothesis (a ‘false positive’); a Type Il
error (or ‘error of the second kind’) is the failure of rejecting a false null hypothesis (a ‘false negative’).
In contrast, there are various different meanings of Type Il errors (or ‘errors of the third kind’).
However, here Mackenzie and House are seemingly referring to something like Kimball's (1957)
general description of the problem: “A simple and almost ludicrous definition of the error of the third
kind is the error committed by giving the right answer to the wrong problem. [...] Many of us
[statisticians], in good faith, have helped research workers make t-tests, or compute analyses of
variance, or design experiments thinking we were giving the right answer to the right problem; and
usually we do give the right answer to the question that is asked. Unfortunately it often happens that
the question asked has little bearing on the real problem, and we are led into committing the third kind
of error” (pp. 134-135).
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