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During idea generation, designers might inadvertently restrict their exploration

of the solution space by adhering either to their own initial ideas or to those

developed by others. To investigate which of these sources of ideas is more

fixating, we conducted an experimental study with Engineering students engaged

in a series of ten computer-based structural design tasks. Participants were

divided into two conditions, either developing their own solutions to the first five

tasks or watching someone else do so. In the subsequent five tasks, those in the

first condition more often adhered to the design approaches suited to the initial

five tasks. This resulted in fewer design variations, greater costs and different

subjective experiences of the tasks.

2018 The Authors. Published by Elsevier Ltd. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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W
hen tackling design problems, designers often draw on their

knowledge of prior solutions to the same problem or to similar

problems. This can sometimes cause them to inadvertently limit

their search of the solution space if their experiences constrain their imagina-

tion, a phenomenon described as ‘design fixation’ (Jansson & Smith, 1991).

Design Fixation has been the subject of research for over twenty-five years,

continuing to attract attention from researchers invoking different concepts

and methods (Crilly & Cardoso, 2017). For example, numerous studies report

a fixation bias when people are asked to generate new ideas after being

exposed to an example solution for the problem (for reviews see Sio,

Kotovsky, & Cagan, 2015; Vasconcelos & Crilly, 2016) or when people

need to identify an alternative, better approach for solving problems after

becoming familiar with a particular set of approaches (e.g. Neroni,

Vasconcelos, & Crilly, 2017). Such research has clarified the conditions under

which design fixation occurs (e.g. Cardoso & Badke-Schaub, 2011; Purcell &

Gero, 1996; Youmans & Arciszewski, 2014) and also how it can be avoided or

reduced (e.g. Linsey et al., 2010; Toh, Miller, & Kremer, 2012). However, the

most effective approaches to predict, prevent or mitigate fixation are likely to

result from a sound understanding of what causes fixation and how it

operates.
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When seeking to explain the mechanisms that underlie design fixation, it has

been suggested that designers are succumbing to a ‘sunk cost’ effect,

continuing to invest resources on the basis of prior commitments rather

than prospective gains. The sunk cost effect was documented in experimental

design studies where designers were required to build physical models of their

ideas: increased resource expenditure was associated with fixation effects

(Viswanathan & Linsey, 2011; 2013). Design fixation was therefore explained

with reference to the ‘cost’ (in terms of time) ‘sunk’ into the building process.

However, beyond the amount of resources expended on developing an idea,

there might be a second factor underlying the sunk cost effect that arises

merely from the fact that the designer is the ‘owner’ of the idea that has

been developed (Franke, Schreier, & Kaiser, 2010). Research in the fields of

psychology, marketing, and organizational behaviour has extensively shown

that people invest ‘themselves’ in the objects they make (either material objects

such as products, or non-material objects such as ideas) because those objects

are theirs, being formed from their own efforts (e.g. Brenner, Rottenstreich,

Sood, & Bilgin, 2007; Franke et al., 2010; Pierce, Kostova, & Dirks, 2001;

2003). This often results in people demonstrating a protective behaviour to-

wards those objects and a reluctance to change them or deviate from them

(e.g. Baer & Brown, 2012).

Applying these observations to design practice, it is possible that a designer’s

mere involvement in the initial design process is sufficient to induce a higher

level of commitment to the ideas developed in that process. This would imply

that fixation is influenced by the agency of the idea generator and that de-

signers might be differently fixated on ideas depending on whether those ideas

were developed by themselves or by someone else. This has implications for

how designers might be educated about fixation, how design managers might

seek to influence it and how design researchers might study it.

In the present study we manipulated the ‘agent’ involved in the preliminary

ideation process, and then evaluated how this manipulation influenced later

design behaviour. In particular, we considered two options for this agency:

‘self’ and ‘other’. ‘Self’ refers to ideas generated by the designer and ‘other’ re-

fers to ideas generated by someone else. We hypothesised that the fixating ef-

fect of initially developed ideas on later design behaviour may be stronger in

situations where designers are responsible for the initial ideas, as the personal

investment of the self into those ideas may increase bias towards those ideas.
1 Literature review

1.1 Design fixation
The notion of fixation originated in psychology, where a series of experiments

were conducted to explore the role of prior experiences in inhibiting thought
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(Duncker, 1945; Luchins, 1942; Maier, 1931). Within this context, numerous

studies showed that recently activated knowledge can constrain the generation

of new ideas. For example, creative problem solving can be inefficient when

people are asked to identify an atypical function for a familiar object (i.e. func-

tional fixedness; e.g. Duncker, 1945) or to find an alternative approach to solve

a problem after becoming familiar with a specific successful approach (i.e.

mental set, Luchins, 1942). The concepts established in these classic studies

continue to inform a broad range of psychological research investigating a

range of cognitive biases that inhibit problem solving (e.g. Bilali�c, McLeod,

& Gobet, 2008, 2010; Delaney, Ericsson, & Knowles, 2004; Ellis &

Reingold, 2014; Lovett & Anderson, 1996).

The concept of ‘design fixation’ originated from these psychological studies,

with the term initially being used to refer to ‘a blind adherence to a set of ideas

or concepts limiting the output of conceptual design’ (Jansson & Smith, 1991:

p. 3). Over time, ‘design fixation’ has often been used in a narrower sense to

refer to an over-reliance on the features of pre-existing designs (Youmans &

Arciszewski, 2014). This conception of fixation corresponds with the experi-

mental paradigm that is used to induce fixation and measure its effects. Empir-

ical research into design fixation typically involves experimental studies that

intentionally encourage designers into a fixated state by exposing them to

external stimuli that might limit their thoughts. Participants are set a design

task in which a problem is posed and an example solution is provided to

some of the participants (e.g. in the form of an annotated sketch). What is

often observed is that the exposure to the example solutions is associated

with a reduction in the variety and quantity of the solution ideas that designers

generate in response to the design problem (for a review of the results, see Sio

et al., 2015).

Although exposure to pre-existing solutions for a problem can be one source

of fixating knowledge, they are not the only source; prior experience of solving

a particular problem or implementing a solution can also impact subsequent

design behaviour. In relation to this, observations of design practice have

shown that the solution concepts developed in the early stages of the design

process can have a limiting effect on later ideation as effort is expended on de-

fending the early direction rather than exploring new ones (Busby & Lloyd,

1999; Robertson & Radcliffe, 2009; Rowe, 1987; also see; Frensch &

Sternberg, 1989). This problematic effect of initial ideas can result in designers

fixating on their own work (Crilly, 2015). Ball, Evans, & Dennis (1994) regard

such behaviour as indicating a reliance on a simple ‘satisficing’ design strategy

in contrast to any more ‘well-motivated’ process of optimization. In relation to

this, many researchers have also reported evidence for the existence of an

‘opportunistic’ behaviour leading designers to base their decisions on familiar

aspects of the task rather than on a hierarchically-structured top-down

approach (e.g. see Bender & Blessing, 2004; Cross, 2004).
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It is clear from the literature reviewed above that there are many different

kinds of fixation, many different names for fixation and that fixation might

result from many different causes. The way in which design fixation was orig-

inally defined (i.e. ‘a blind adherence to a set of ideas or concepts limiting the

output of conceptual design’, Jansson & Smith, 1991: p. 3) and the way in

which design fixation was originally induced experimentally (i.e. providing

an example solution for solving a problem, Jansson & Smith, 1991: p. 5) do

not cover all the possible ways in which the phenomenon of interest can be

thought about and investigated. For example, design fixation might be evident

in design activities other than conceptual design and the fixating ideas need not

originate outside the designer. So maybe we should not be fixated on our

conception of what design fixation is (as suggested by Purcell & Gero, 1996:

p. 10), nor on the way in which we study the many different phenomena related

to fixation, its causes and its consequences. Instead, when considered in its

most general terms, design fixation might be defined as a state in which some-

one engaged in a design task undertakes a restricted exploration of the design

space due to an unconscious bias resulting from prior experiences, knowledge

or assumptions (Crilly & Cardoso, 2017: p. 6; also see x2.7; x2.8). Such an in-

clusive understanding of the phenomenon of interest admits a number of

possible methodological approaches.

Considering the methodological basis of the studies reviewed here it is clear

that the methods used influence the fixating effect being investigated. Those

studies adopting experimental methods in controlled settings have tended to

explore the constraining effects of ideas generated by others, whereas those

studies adopting qualitative methods in naturalistic settings have tended to

explore the constraining effects of the designers’ own initial ideas. One excep-

tion to this is Neroni, Vasconcelos and Crilly’s (2017) experimental work

based on the paradigms used in psychology to study mental blocks. Their

use of a computer-based structural design exercise showed how prior experi-

ence in a particular task domain can limit designers’ ability to identify new so-

lutions to solve a problem within the same domain. This experimental

approach provides the opportunity to manipulate the agency of resource

expenditure during design fixation studies, with those ideas originating either

from the ‘self’ or the ‘other’. This experimental manipulation is not possible

using the traditional paradigm used to study design fixation (derived from

Jansson and Smith’s original study) as that paradigm provides participants

with a pre-existing solution rather than a solution that they develop

themselves.
1.2 The sunk cost effect
The sunk cost effect refers to people’s tendency to continue with an endeavour

once an investment in money, effort, or time has been made (Arkes & Blumer,

1985). This effect has been extensively studied in economic decision making
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(e.g. Arkes & Blumer, 1985; Sleesman, Conlon, McNamara, & Miles, 2012;

Staw, 1997; Zeelenberg & Van Dijk, 1997). Within this context, studies have

consistently demonstrated that decision makers often consider past expendi-

tures when making decisions. This tendency often leads to sub-optimal deci-

sions, because from a strictly economic perspective such decisions should be

based solely on future costs and benefits, not those costs and benefits which

have already occurred (Arkes & Hutzel, 2000). Researchers have cited various

psychological mechanisms as reasons for the sunk cost effect, including

‘cognitive dissonance’ (Arkes & Blumer, 1985; Festinger, 1957) and ‘loss aver-

sion’ (Tversky & Kahneman, 1985). By these explanations, people continue

with their past behaviour e in this case extending and enlarging a prior

commitment that is otherwise irrational e to justify that prior behaviour

and maintain the appearance that their earlier investments were not losses.

In design, the sunk cost effect was studied in situations where designers worked

with physical models. For example, Viswanathan and Linsey (2011; 2013)

showed that designers who spent greater resources (i.e. time) building physical

models of their ideas tended to adhere more to their initial ideas or variations

of them. Yang (2005) also observed that spending less time fabricating a design

(i.e. creating simpler, less detailed prototypes) correlated positively with the

quality of the final outcome. Similarly, Wong (1992) argued that spending

more time creating prototypes leads designers to commit to particular ideas;

this commitment decreases the responsiveness of designers to critical feedback

regarding the prototype.

In prior research on sunk cost effects in design, those effects have been studied

in situations where people developed their own ideas and spent time doing so.

However, there is reason to believe that someone’s level of commitment to

initial ideas may vary depending on the person who generated those ideas

(self vs. other). That variation might plausibly go in at least two different di-

rections (with associated explanations). On the one hand, it may be possible

that other people’s ideas are associated with higher levels of perceived

‘authority’ or ‘inevitability’, making those ideas more persuasive or definite

than a designer’s own ideas (see Anderson & Holt, 1997; Bikhchandani,

Hirshleifer, & Welch, 1992; Goeree & Yariv, 2015). Team members, predeces-

sors, clients or competitors can all have demonstrably sunk their own costs

into an idea and the designer’s perception of those costs might influence the

degree to which she or he then adheres to that idea. On the other hand, the

mere involvement of a designer in their own ideation process might induce a

higher level of attachment to these ‘self-created’ ideas. This second option is

most explicit in Viswanathan and Linsey’s (2013) statement on self vs. other:

“The Sunk Cost Effect applies only to situations where designers build their

own models and spend more time in doing so. When they deal with models

built by others, associated sunk cost can be considered to be low” (p.1).

This assumption is supported by a range of studies in other fields that explore
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the relationship between the person generating an idea and subsequent attach-

ment to that idea.
1.3 Psychological ownership and related phenomena
Research on the phenomenon of ‘psychological ownership’ (Pierce et al., 2001;

2003) suggests that people develop feelings of ownership towards the objects

they create or shape. This ‘ownership’ applies to a range of objects, including

immaterial things such as ideas, proposals or interpretations (for a review see

Dawkins, Tian, Newman, & Martin, 2017). Feelings of accomplishment serve

the need for competence and efficacy deeply embedded in human nature

(Furby, 1991; Williams & DeSteno, 2008). There are a variety of benefits asso-

ciated with psychological ownership, including increased commitment and

effort devoted to the ideas that are owned (e.g. O’Driscoll, Pierce, &

Coghlan, 2006). However, this feeling of ownership can also have a ‘dark

side’, causing individuals to engage in overly protective behaviours, maintain-

ing commitment to their ideas and rejecting alternatives despite any new infor-

mation that does not support such behaviour (Baer & Brown, 2012; Brown,

Lawrence, & Robinson, 2005).

In design, the effect of psychological ownership and related phenomena has

been mainly investigated at the concept selection stage of the design process

(e.g., Nikander, Liikkanen, & Laakso, 2014; Toh, Strohmetz, & Miller,

2016). These studies showed that designers systematically overvalue their

own ideas, selecting those ideas more frequently than they do those developed

by their team members, even if their team members’ ideas are objectively of

higher quality (Beggan, 1992; Cooper & Lucas, 2006; Cooper, Edgett, &

Kleinschmidt, 2002). However, the influence of psychological ownership on

idea generation in design has not been studied, although it has recently been

suggested that psychological ownership and other theories on the cognitive as-

pects of change might be relevant to design fixation (Crilly, 2018: p. 60e61).

Another explanation for why people might struggle to dismiss their own ideas

is the endowment effect (e.g. Brenner et al., 2007). This suggests that the sub-

jective value a person attributes to an object is contingent upon whether he/she

owns the object or not: objects that are owned are valued more highly than

identical objects that are not owned. The endowment effect does not rely on

legal possession but is the result of subjective feelings of ownership (Reb &

Connolly, 2007), which can vary in intensity. For example, the originator of

a creative work might continue to exhibit higher levels of psychological owner-

ship than the consumer who subsequently purchases it, even though the con-

sumer would then be the legal owner (Pierce, Kostova, & Dirks, 2003).

Interesting insights on this issue also come from research in the field of mar-

keting, showing that people overvalue objects that they have created
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themselves. This phenomenon, also referred to as the ‘IKEA effect’ (Norton,

Mochon, & Ariely, 2012) or the ‘I designed it myself effect’ (Franke et al.,

2010), appears to be a very basic process and has been explained in terms of

effort justification (Festinger, 1957; Norton et al., 2012). According to this,

people prefer self-created objects more than objects that were created by others

because they have put their own effort into those self-created objects and that

effort is justified by subsequent preference. This enhanced evaluation of self-

created objects has been reported both for objects that people build physically

and for objects that they make digitally (Franke et al., 2010). Interestingly, this

effect occurs even when people engage in a very limited amount of physical as-

sembly or when they are only asked to select from a limited number of features

from which something is then built (Atakan, Bagozzi, & Yoonb, 2014; Franke

et al., 2010).

Recognising that people have a bias toward their own ideas raises the possibil-

ity that the constraining effect of initial ideas on later behaviour might differ

depending on the person involved in the initial ideation process. This would

distinguish between fixation where designers initially generate their own ideas

(from which they will later select some for further development) and fixation

where some other ‘agent’, such as other team members or the client, etc.,

develop those initial ideas.
2 The present study
In the present study, we explore whether a bias towards initial ideas varies de-

pending on the person who generated those ideas: the designer or someone

else. We refer to this as a difference in ‘idea agency’. The platform for the study

is an adapted version of the computer-based task used by Neroni,

Vasconcelos, and Crilly (2017) which requires participants to perform a series

of structural design activities called ‘trials’. Using this paradigm permits idea

agency to be manipulated by distinguishing between whether the initial trials

are performed by the participants or by someone else. The effect of the partic-

ipants’ experience of the initial trials (especially their knowledge of how to

solve the problems) can then be assessed in the subsequent trials. By con-

ducting the study in this way, we seek to determine whether designers’ own

ideas are more fixating than other people’s ideas. To address this, we consider

two specific research questions.

RQ1: What influence does idea agency have on the process by which designers

approach subsequent problems?

By varying the way in which participants experience the initial trials, we can

regulate the extent to which participants experience causal efficacy and develop

feelings of ownership for the ideas generated in those trials (for a similar

manipulation of the level of psychological ownership for a non-design task
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see Baer & Brown, 2012). This allows us to measure and characterise the pro-

cess by which the designers search the design space when developing their so-

lutions. We expect more restricted exploration for those participants who

develop the initial ideas (rather than just observing).

RQ2: What influence does idea agency have on the solutions that designers

develop in response to subsequent problems?

By comparing the characteristics of the final design solutions that the partici-

pants propose with the range of possible solutions that might otherwise have

been developed we can identify the constraining effects of prior experience.

Studies of arithmetic, chess, design and other activities have shown this to

be an effective means of measuring how the development or identification of

initial successful solutions can limit people’s ability to find alternative, better

solutions (e.g. Bilali�c, McLeod, & Gobet, 2010, 2008; Luchins, 1942; Neroni

et al., 2017). We expect to find that this effect is weaker for those participants

who just observe the development of the initial ideas (rather than develop

those idea themselves).
3 Method

3.1 Participants
Forty engineering students (seven women) were recruited into the study by re-

sponding to posted advertisements; they were all drawn from the Department

of Engineering of the University of Cambridge. Their average age was 21.51

(SD¼ 3.16), and they had an average of 30.94 months (SD¼ 23.89) of univer-

sity education. All participants gave informed written consent prior to the

commencement of the study and received a small honorarium for their partic-

ipation. The study procedures were approved by the local ethical review

committee.
3.2 Materials and procedure
The platform for the experiment was an adapted version of the computer game

‘Pontifex’ (Chronic Logic, 2001), in which players must design a truss bridge

that spans a river. Participants were required to design a series of bridges

that could each support a specified load using the available budget. The

game included two modes. The ‘Design’ mode allowed participants to devise

the bridge structure by arranging and modifying the structural elements while

considering the required span (to cross a river) and the ‘anchor points’ that

could be used to support the bridge (e.g. the banks of the river, or a rock at

mid-span). The ‘Test’ mode allowed participants to load the bridge (by driving

a train across it) and assess its performance (e.g. deflections, damage or

collapse). To capture the participants’ activities during the game and the utter-

ances they made, the ‘Fraps’ screen recording software was used (Beepa, 2013).
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possible to build the deck of t

Trial
Number

Trial type

1 Single-approach
2 Single-approach
3 Single-approach
4 Single-approach
5 Single-approach
6 Multiple-approac

7 Multiple-approac

8 Multiple-approac

9 Multiple-approac

10 Multiple-approac
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This recorded every design and test cycle, including the placement, deletion,

and resizing of the structural elements, as well as the resulting cost of the

bridge and its performance when subjected to loading.

The task consisted of a series of trials varying in the length of the gap that the

bridges were required to span, and the number and location of the anchor

points that could be used to connect the various structural elements

(see Table 1). In each trial, the participants were required (and incentivised)

to design the bridge with the lowest possible cost.

In particular, there were two sets of trials:

� five single-approach trials, in which successful bridges could be designed by

using only one particular design approach to build the deck of the bridge

(i.e. using long segments) and by using only one particular design approach

to support the deck of the bridges (i.e. triangulation) e other design ap-

proaches would either fail to support the load or would exceed the budget;

� five multiple-approach trials, in which successful bridges could either be de-

signed by using the design approaches used in the single-approach trials

(i.e. long deck segments and triangulated supports) or by using alternative

design approaches (i.e. short deck segments and other forms of structural
trials, activity required of the participants in the two groups, and design approaches required/

he bridges and provide support to the deck of the bridges

Required
bridge
span

Budget
available

Activity
required i
n the ‘self’

group

Activity
required in
the ‘other’
group

Available ‘deck’
approaches for

optimal design(s)

Available ‘support’
approaches for

optimal design(s)

160 m $20,000 Design Watch Long segments Triangulation
320 m $40,000 Design Watch Long segments Triangulation
240 m $35,000 Design Watch Long segments Triangulation
160 m $20,000 Design Watch Long segments Triangulation
320 m $37,000 Design Watch Long segments Triangulation

h 320 m $100,000 Design Design Long segments;
short segments

Triangulation;
other structural
approaches

h 320 m $110,000 Design Design Long segments;
short segments

Triangulation;
other structural
approaches

h 240 m $80,000 Design Design Long segments;
short segments

Triangulation;
other structural
approaches

h 320 m $100,000 Design Design Long segments;
short segments

Triangulation;
other structural
approaches

h 240 m $95,000 Design Design Long segments;
short segments

Triangulation;
other structural
approaches
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support). To design the minimum-cost solution for each of the multiple-

approach trials required a combination of the design approaches used in

the single-approach trials and these alternative approaches. To account

for the variety of possible design approaches in the multiple-approach trials

the available budget was at least double the budget required to construct

the optimal solution. This allowed participants to design almost any bridge

structure that they were likely to attempt, regardless of the cost.

Each participant was tested individually in a private meeting room, seated at a

computer screen. An initial introduction explained that they would be playing

a computer game and answer some questions about their experience of that

game. Before starting with the experimental task, both groups received a brief

training session in order to familiarize them with the game platform. Once the

participants were able to interact with the game platform without further assis-

tance from the experimenter, they were provided with the written instructions

concerning the experimental task. The overall aim of the task was to design the

lowest cost bridge possible that could withstand the load of a train moving

across it without suffering any damage (i.e. broken structural members or fail-

ure of the connections between them). To further motivate participants, they

were told that their final score (calculated as the amount of money they had left

after the ten trials, i.e. the unspent budget) would determine their ranking. At

the end of the study, the highest ranked participant would receive an online

shopping voucher. Additionally, to reduce the influence of participants’ back-

ground and/or previous experience with similar design-activities, they were

told that they would be constructing the bridges in an imaginary world (e.g.

anchor points could be in mid-air, and not just on the ground). In all the trials,

participants could iterate freely between the design and test modes in their at-

tempts to design the bridge with the lowest possible cost with each iteration

later being counted as one design-test cycle. There was no time constraint to

complete the task.

Participants were encouraged to think aloud while playing the game. The think

aloud protocol was adapted from Chrysikou and Weisberg (2005). Specif-

ically, instructions for verbalization were as follows:

While playing the game you will be encouraged to think aloud. When thinking

aloud you should do the following: say whatever’s on your mind; speak as contin-

uously as possible; do not worry about complete sentences or eloquence; do not

over explain or justify; analyse no more than you would normally; get into the

pattern of saying what you are thinking about now, not of thinking for a while

and then describing your thoughts. Though the experimenter is present you are

not talking to the experimenter. Instead, you are to perform this task as if you

are talking aloud to yourself.
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During the experimental task, intervention from the researcher was kept to a

minimum and was as neutral as possible. Only when periods of silence lasted

for more than 30 s did the researcher encourage participants to continue

thinking aloud. All the participants’ utterances were recorded with a digital

audio recorder. After the instructions, participants were presented with the

single-approach trials and then moved to the multiple-approach trials.

To provide a more contextually rich account of their design behaviour, we as-

sessed whether the participants in the two groups had a different subjective

experience of the task. At the end of the task, the participants were asked to

rate on a five-point scale (a) how much they enjoyed playing the game

(1 ¼ “I did not enjoy it”; 5 ¼ “I enjoyed it a lot”), and (b) how difficult they

found it to play the game (1¼ “it was extremely difficult”; 5¼ “it was not diffi-

cult at all”). Additionally, participants were required to indicate whether they

had constructed the bridges in an automatic way or if they had thought about

the different possibilities. Finally, they were asked to guess the aim of the study

to assess the degree to which they had become aware of the phenomenon of

interest (i.e. the influence of idea agency). At the end of the experiment, all par-

ticipants received a quick debrief explaining the design of the experiment and

the subject under investigation. The total testing time was about 1 h per

participant.
3.3 Experimental groups
Participants were assigned to two different groups, varying in the way they

were engaged in the single-approach trials: participants in the ‘self’ group de-

signed the bridges themselves in the single-approach trials; participants in the

‘other’ group watched videos of other participants designing those bridges.

The videos used in the ‘other’ group were obtained through a two-step process.

First, we tested all the participants in the ‘self’ group, recording their on-screen

activities for the five single-approach trials. We then selected one video for

each of the five single-approach trials, ensuring that each video was from a

different participant and that each video for a given trial was the closest to

the group average in terms of trial duration and number of design-test itera-

tions per trial. In this way, the second group (‘other’) experienced the first

five trials in a way that was as similar to the first group as possible (e.g. they

were ‘involved’ with those trials for just as long, on average), whilst not allow-

ing them to actually undertake the design work themselves. The participants in

the ‘other’ group were told that these videos would help them to ‘get started’

with the game.

Finally, to help them become accustomed with the ‘think aloud’ method, par-

ticipants were required to follow the ‘think aloud’ instructions while developing

(‘self’ group) orwatching (‘other’ group) solutions to the single-approach trials.
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However, while participants in the ‘self’ group described their own thoughts

and behaviour, participants in the ‘other’ group were asked to ‘put themselves

in the shoes’ of the person whose design actions they were watching and to

describe what they might be thinking and doing.
4 Metrics
An independent rater, who was blind to both the research questions and to the

participants groupings, performed a preliminary analysis of all the partici-

pants’ design behaviour, noting the structural features that distinguished spe-

cific design ideas and general design approaches. These features were

developed into a hierarchical coding scheme (see Appendix). A subset (20%)

of the participants were selected at random and their design behaviour was an-

alysed by a second rater (first author of this paper) according to the hierarchi-

cal coding scheme. There was a substantial agreement between the two raters,

as indicated by a linearly weighted Cohen’s Kappa coefficient of .77 (Landis &

Koch, 1977). The hierarchical coding scheme was then used to characterise all

the generated ideas from all the participants and to document the design ap-

proaches from which the final ideas resulted.

To evaluate how idea agency in the initial trials influenced the process by

which participants design in the multiple-approach trials we counted: (a) the

overall number of ideas developed while attempting to design the bridges

with the lowest possible cost, (b) the variety of design approaches used to build

the bridge decks, and (c) the variety of design approaches used to support the

bridge decks. In addition, we calculated: (a) the amount of time the partici-

pants spent designing the bridges, (b) the number of added and deleted struc-

tural elements during the design process, and (c) the number of ideas that were

tested.

To evaluate how idea agency in the initial trials influenced the design solutions

that the participants arrived at we checked: (a) the variety of design ap-

proaches used in the final design solutions for the multiple-approach trials,

and (b) the cost of those solutions.

Finally, to provide a more contextually rich account of their design behaviour,

we assessed whether the participants in the two groups had a different subjec-

tive experience of the task. We did this by comparing the comments that the

participants in the two groups made while working on the multiple-

approach trials. All the comments were initially identified and categorised

(according to pre-established categories) by an independent rater who was

blind to both the research questions and to the participant groupings. A sec-

ond rater subsequently categorised a randomly selected subset of participants’

comments (i.e. 20% of all the comments identified by the first rater). There was

a substantial agreement between the two raters, as indicated by a linearly
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weighted Cohen’s Kappa coefficient of .73 (Landis & Koch, 1977). We also

checked if the two groups differed in relation to: (a) the participants’ level of

enjoyment of the task, (b) the participants’ perceived difficulty in the task,

(c) the participants’ awareness of how they had completed the task (i.e. in

an automatic versus reflexive way), and (d) the participants’ ability to make

a good guess about the aim of the study.
5 Results
The data from five outlier participants (all male, average age: M ¼ 24.2,

SD ¼ 4.38, average duration of university education: M ¼ 31 months,

SD ¼ 36.74, two from the ‘self’ group and three from the ‘other’ group)

were removed from the analysis because the mean cost of their bridge designs

was more than two standard deviations from the mean cost of the bridges

developed by the all the other participants, indicating inattention or confusion.

The final sample therefore consisted of 35 participants.

As the single-approach trials were only used to manipulate the agent respon-

sible for generating the initial ideas (i.e. ‘idea agency’), participants’ design

behaviour was analysed only in relation to the multiple-approach trials. In

particular, participants’ behaviour in the multiple-approach trials was evalu-

ated in relation to the two specific research questions stated in Section 2.

RQ1: What influence does idea agency have on the process by which designers

approach subsequent problems?

A series of independent sample t-tests were used to compare the design behav-

iour exhibited by the participants in the ‘self’ and the ‘other’ group in their at-

tempts to identify the least expensive solution in each multiple-approach trial.

Overall, participants in the ‘self’ group generated fewer ideas compared to the

‘other’ group, t(33) ¼ �2.69, p ¼ .01, d ¼ �0.91 (see Figure 1).

More participants in the ‘self’ group (77.78%) designed the deck of the bridge

by only using long segments than did participants in the ‘other’ group

(35.29%), c2(1) ¼ 6.44, p ¼ .01, r ¼ 0.43. However, no difference between

the two groups was observed in the proportion of ideas including only long

segments, t(33) ¼ 0.83, p ¼ .41, d ¼ 0.28, and in the proportion of ideas

including both long and short segments, t(33) ¼ �0.67, p ¼ .51, d ¼ �0.23

(see Table 2 for the proportion of ideas including long and short deck segments

and Figure 2 for examples of bridge ideas including long and short deck

segments).

All the participants used triangulation and other structural approaches (e.g.

columns) to support the deck of the bridges. Participants in the ‘self’ and

‘other’ group did not differ with regards to the proportion of ideas including
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Figure 1 Number of ideas generated while designing bridges in the multiple-approach trials, as a function of experimental group. Error bars

indicate standard errors
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triangulation, t(33) ¼ 1.61, p ¼ .12, d ¼ 0.54 (see Table 2). However, partici-

pants in the ‘other’ group generated a greater proportion of ideas which

included other structural approaches than participants in the ‘self’ group,

t(33) ¼ �2.83, p ¼ .008, d ¼ �0.97 (see Table 2 for the proportion of ideas

including triangulation and other structural approaches and Figure 2 for ex-

amples of bridge ideas including triangulation and other structural ap-

proaches). In addition, participants in the ‘other’ group (M ¼ 11.53,

SD ¼ 2.58, and SE ¼ 0.62) identified a larger variation of alternative geomet-

rical shapes to support the bridge compared to the participants in the ‘self’

group (M ¼ 9.61, SD ¼ 2.07, and SE ¼ 0.68), t(33) ¼�2.07, p ¼ .05, d¼ 0.82.

Participants in the two groups did not differ with regards to the amount of time

they spent designing the bridges in the multiple-approach trials, t(33) ¼ 0.47,
nd support approaches adopted in the multiple-approach trials, as a function of experimental

d standard errors in brackets

eck approaches Support approaches

nly
)

Ideas including both long
and short segments (%)

Ideas including
triangulation (%)

Ideas including alternative
structural approaches (%)

7.72)
18.02
(SD ¼ 31.66, SE ¼ 7.46)

86.63
(SD ¼ 10.94, SE ¼ 2.58)

94.53
(SD ¼ 8.78, SE ¼ 2.13)

6.47)
24.41
(SD ¼ 24.26, SE ¼ 5.88)

77.17
(SD ¼ 22.27, SE ¼ 5.40)

78.64
(SD ¼ 21.50, SE ¼ 5.07)
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Figure 2 Example of bridge ideas including a combination of deck and support approaches (as described in the hierarchical coding scheme)
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p ¼ .64, d ¼ 0.16 (see Table 3). Participants in the ‘self’ group added more

structural elements, t(33)¼ 2.66, p¼ .01, d¼ 0.91, and subtracted fewer struc-

tural elements, t(34) ¼ �2.66, p ¼ .01, and d ¼ �0.91, during their design it-

erations compared to participants in the ‘other’ group (see Table 3). In

addition, participants in the ‘self’ group tested more ideas than participants

in the ‘other’ group, t(33) ¼ 2.07, p ¼ .05, d ¼ 0.54 (see Table 3). Finally, a

Chi-squared comparison with the number of multiple-approach trials solved

by building and testing only one bridge idea (without any design-test cycles)

as the dependent variable was larger in the ‘self’ group (41.67% of the trials)

compared to the ‘other’ group (16.67% of the trials), c2(1) ¼ 13.26, p ¼ .000,

r ¼ 0.61.

For each multiple-approach trial, after generating and testing different design

ideas, participants were required to declare that they had arrived at their final

design solution. A series of independent sample t-tests were used to compare

the final design solutions in the ‘self’ and the ‘other’ groups. No difference be-

tween the two groups was observed in relation to the proportion of long seg-

ments, t(33) ¼ �0.12, p ¼ .99, d ¼ �0.004, and short segments used to build

the decks of the bridges, t(33) ¼ 0.12, p ¼ .99, d ¼ 0.004 (see Table 4).
signing, number of added segments, number of deleted segments and number of tested ideas in

s a function of experimental group. Standard deviations and standard errors in brackets

s) Added segments (%) Deleted segments (%) Tested ideas (%)

8.04)
76.51
(SD ¼ 8.56, SE ¼ 2.02)

23.49
(SD ¼ 8.56, SE ¼ 2.02)

86.63
(SD ¼ 10.94, SE ¼ 2.58)

7.32)
70.06
(SD ¼ 5.28, SE ¼ 1.28)

29.94
(SD ¼ 5.28, SE ¼ 1.28)

77.17
(SD ¼ 22.27, SE ¼ 5.40)
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Table 4 Proportion of support and deck approaches adopted in the final design solutions for the multiple-approach trials, as a

function of experimental group. Standard deviations and standard errors in brackets

Deck approaches Support approaches

Long segments (%) Short segments (%) Triangulation (%) Alternative structural
approaches (%)

‘Self’
group

89.90
(SD ¼ 20.07, SE ¼ 4.73)

10.09
(SD ¼ 20.07, SE ¼ 4.73)

49.35
(SD ¼ 21.15, SE ¼ 4.98)

50.65
(SD ¼ 21.15, SE ¼ 4.98)

‘Other’
group

89.97
(SD ¼ 9.66, SE ¼ 2.34)

10.03
(SD ¼ 9.66, SE ¼ 2.34)

35.89
(SD ¼ 16.24, SE ¼ 3.94)

64.10
(SD ¼ 16.24, SE ¼ 3.93)
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However, the final design solutions developed by the participants in the ‘self’

group included a higher proportion of triangulated support structures,

t(33)¼ 2.10, p¼ .04, d¼ 0.71, and a lower proportion of alternative structural

solutions than those identified by the participants in the ‘other’ group,

t(33) ¼ �2.10, p ¼ .04, d ¼ �0.71 (see Table 4 for the proportion of support

and deck approaches adopted in the final design solutions by participants in

the ‘self’ and in the ‘other’ group and Figure 3 for examples of bridge solutions

designed by participants in the two groups).

The cost of the bridge solutions (expressed as ‘overspend’ relative to the

lowest-cost solution) was higher in the ‘self’ group (M ¼ $60,984.67,

SD ¼ 64,861.66, and SE ¼ 15,288.04) compared to the ‘other’ group

(M ¼ $49,776.71, SD ¼ 25,714.80, SE ¼ 6236.75). However, this comparison

did not reach statistical significance, t(33) ¼ 0.66, p ¼ .51, d ¼ 0.23.
5.1 Additional information about design behaviour
The comments that participants made while working on the multiple-

approach trials were classified into four main categories:

a) Behaviour. Comments that describe or motivate design actions (e.g. I am

doing this because of that; I am doing this to check that; I am now trying

to optimize this design);

b) Forecasting. Comments that anticipate future outcomes and/or difficulties

(e.g. I think that if I will do this, I will get that; I am not trying that

because I assume that it will fail).

c) Repetition. Comments that indicate a return to a prior approach (e.g. I

am using this method because it worked previously; I am doing this,

just like I did it before; I am using the same type of structure that I

used before, etc.);

d) Evaluation. Comments that imply some sort of judgement about the solu-

tion (I don’t think I could do something better; I think this is the cheapest

solution; I think this will be strong enough).
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Figure 3 Screenshots of the final solutions proposed in the multiple approach trials. These show that a greater attachment to the design ap-

proaches learnt while working on the single-approach trials (i.e. triangulation, long deck segments) reduced the ability of participants in the

‘self’ group to identify alternative and less inexpensive approaches to solve the multiple-approach trials. Note that the structural supports

can be attached to anchor points that ‘float’ in mid-air (see Section 3.2)
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As shown in Table 5, the two groups did not differ with regards to the propor-

tion of comments referring to behaviour, t(33) ¼ 0.74, p ¼ .48, d ¼ 0.49, or

evaluation, t(32) ¼ �1.49, p ¼ .15, d ¼ �0.52. However, compared to the par-

ticipants in the ‘other’ group, participants in the ‘self’ group made significantly

fewer comments referring to forecasting, t(34) ¼ �2.15, p ¼ .04, d ¼ �0.53,
ts referring to planning, forecasting, behaviour repetition and outcome evaluation made by the

e bridges in the multiple-approach trials, as a function of experimental group. Standard devia-

rackets

) Forecasting (%) Repetition (%) Evaluation (%)

4.49)
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(SD ¼ 13.04, SE ¼ 3.16)

16.37
(SD ¼ 12.08, SE ¼ 2.93)

18.17
(SD ¼ 16.83, SE ¼ 4.08)

2.78)
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(SD ¼ 12.99, SE ¼ 3.15)
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(SD ¼ 10.65, SE ¼ 2.58)

26.27
(SD ¼ 14.15, SE ¼ 3.34)
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and significantly more comments related to repetition, t(34) ¼ 1.82, p ¼ .07,

d ¼ 0.65.

We also checked if the two groups differed in relation to: (a) the participants’

level of enjoyment of the task, (b) the participants’ perceived difficulty in the

task, (c) the participants’ awareness of how they had completed the task

(i.e. in an automatic versus reflexive way), and (d) the participants’ awareness

of the phenomenon being investigated (i.e. the influence of idea agency).

Overall, participants reported that they enjoyed playing the game (M ¼ 4.20,

SD ¼ 0.72, and SE ¼ 0.12) and did not find the task difficult (M ¼ 3.86,

SD ¼ 1, and SE ¼ 0.17). An independent sample t-test also revealed that

the ‘self’ and the ‘other’ group did not differ in their level of enjoyment of

the game (‘self’ group: M ¼ 4, SD ¼ 0.59, SE ¼ 0.14; ‘other’ group:

M ¼ 4.41, SD ¼ 0.79, and SE ¼ 0.19), t(33) ¼ �1.74, p ¼ .09, d ¼ �0.59,

or in their perception of how difficult the task was (‘self’ group: M ¼ 4.05,

SD ¼ 0.87, and SE ¼ 0.20; ‘other’ group: M ¼ 3.65, SD ¼ 1.11, SE ¼ 0.27),

t(34) ¼ 1.21, p ¼ .23, d ¼ 0.40. A Chi-squared test with the proportion of par-

ticipants who stated they had designed the bridges in an automatic way as the

dependent variable revealed a significant difference between the two groups,

c2(2) ¼ 13.19, p ¼ .001, r ¼ 0.61, with more participants in the ‘self’ group

designing the bridges in an automatic way (12 out of 18, or 66.67%) compared

to the participants in the ‘other’ group (3 out of 17, or 17.65%).

To assess the participants’ awareness of the research topic, at the end of the

experiment, we asked them to guess the aim of the study. Most of them (26

out of 35, or 74.28%) were unable to guess the phenomenon being investigated

(i.e. the influence of idea agency). Interestingly, those who were best able to

guess the aim of the study were mostly participants belonging to the ‘self’

group (8 out of 9, or 88.89%), c2(1) ¼ 6.81, p ¼ .009, r ¼ 0.44. In addition,

compared to participants who were not able to make a good guess about

the aim of the study, those who were able to make a good guess demonstrated

a less ‘flexible’ behaviour during the task, resulting in less fewer distinct ideas

being generated (participants who were able to make a good guess:M¼ 14.33,

SD ¼ 7.43, and SE ¼ 2.48; participants who were not able to make a good

guess: M ¼ 28.4, SD ¼ 14.80, and SE ¼ 2.90), t(33) ¼ �2.65, p ¼ .01,

d ¼ �1.20) and in fewer structural elements being subtracted during the pro-

cess of designing (participants who were able to make a good guess:

M ¼ 21.73, SD ¼ 7.53, and SE ¼ 2.51; participants who were not able to

make a good guess: M ¼ 28.31, SD ¼ 7.25, and SE ¼ 1.42), t(33) ¼ �2.33,

p ¼ .03, d ¼ �0.89).

Finally, participants who were able to make a good guess about the aim of the

study also produced more comments referring to repetition while playing the

game (M ¼ 16.70, SD ¼ 14.17, and SE ¼ 4.72) compared to the participants
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who were not able to make a good guess about the aim of the study

(M ¼ 10.79, SD ¼ 10.83, and SE ¼ 2.12). However, this comparison did

not reach statistical significance, t(33) ¼ 1.30, p ¼ .20, d ¼ 0.45.
6 Discussion
In the present study, we explored whether a bias towards initially generated

ideas varies according to the person who developed those ideas: the designer

or someone else. To do this, we conducted an experiment in which we manip-

ulated the ‘agent’ involved in the preliminary ideation process, and then eval-

uated how this manipulation influenced later design behaviour. In line with

our hypothesis, we found that personal involvement in the design process in-

creases a designer’s ‘attachment’ to the ideas developed during that process, in

comparison to those who merely observe that process. In our study, this

attachment resulted in a more restricted exploration of the solution space,

greater costs and a different subjective experience of the task.

Our results show that, while designing in the multiple-approach trials, the par-

ticipants in the ‘self’ group generated fewer ideas and less varied ideas than the

participants in the ‘other’ group. In particular, compared to the participants in

the ‘other’ group, those in the ‘self’ group more often conformed to the design

approaches that they had learnt while designing bridges in the preceding

single-approach trials: participants in the ‘self’ group were more likely to

design the decks of the bridges by only using long segments, and they were

more likely to use triangulated structures to support the decks of the bridges.

These tendencies ultimately resulted in more expensive design solutions

(e.g. because triangulation was not always necessary). Importantly, these ef-

fects are seemingly not explained by participants in the ‘self’ group giving

less attention to the multiple-approach trials, as might be indicated by them

spending less time designing their structures or testing their designs less often.

Indeed, during the process of designing, participants in the two groups did not

differ in the amount of time they spent to complete the multiple-approach tri-

als and participants in the ‘self’ group tested more ideas than participants in

the ‘other’ group.

Overall, our findings indicate that participants in the ‘self’ group were more

fixated on the ideas they developed in the initial trials compared to the partic-

ipants in the ‘other’ group. This restricted their understanding of the solution

space, thereby limiting the variety of ideas they could generate in the subse-

quent more open-ended trials. At least three different explanations can be

offered for this, explanations which are overlapping and complementary.

First, it is possible that participants in the ‘self’ group developed feelings of

ownership towards the ideas generated in the single-approach trials. These
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possessions were then defended and protected in the face of better alternatives.

Support for this possibility comes from research on psychological ownership

and related phenomena, showing that when people play an active role in devel-

oping an idea and feel as though that idea is truly theirs, they are likely to culti-

vate that idea, irrespective of its value (O’Driscoll et al., 2006; Brown et al.,

2005). For instance, Baer and Brown (2012) found that feelings of ownership

lead people to embrace suggestions that expanded upon their ideas (i.e. addi-

tive changes) and to reject suggestions that diminish them (i.e. subtractive

change). In line with these results, we found that, in their attempts to design

the bridges with the lowest possible cost, participants in the ‘self’ group added

more structural elements (additive changes) and deleted less structural ele-

ments (subtractive changes) than participants in the ‘other’ group.

Secondly, it is possible that for participants in the ‘self’ group, actively partici-

pating in the single-approach trials may have increased their engagement in the

task and the extent to which they experienced high casual efficacy in devel-

oping solutions for them. This supports the notion that manipulating and

exercising control over an object (either material or immaterial) increases a

person’s level of commitment to that object (Belk & Coon, 1993; Furby,

1991; Pierce et al., 2001; 2003). In our study, this commitment was seemingly

also intensified by the provision of immediate positive feedback on the perfor-

mance of the designs in those same trials (ensured by the possibility to switch

between the design and the test mode of the game). This fits with previous

research showing that commitment to personal ideas is strengthened in situa-

tions where people receive feedback on successful performance during the pro-

cess (Franke et al., 2010). Under these conditions, important human needs

such as the need to feel efficacious or competent are more likely to operate

and be satisfied (Dirks, Cummings, & Pierce, 1996; Pierce et al., 2003).

A third possibility is that for participants’ in the ‘self’ group, their personal

involvement in the design process elicited a self-referential memory bias for

the initially developed design ideas. In our study, we permitted participants

in the ‘self’ group to gain the impression that they were autonomously devel-

oping a successful design approach to solve the initial trials (even though those

trials actually admitted only one possible solution; for a similar experimental

approach see Cloutier & Macrae, 2008). This illusory feeling of ‘creating their

own designs’ may have influenced the way in which these preliminary ideas

were processed in memory, enhancing the salience and accessibility of this in-

formation (Cunningham, Turk, Macdonald, & Macrae, 2008). Previous

research has demonstrated that people are better at remembering their own ac-

tions and the products of those actions than the comparable actions and out-

puts of other individuals (e.g. Cloutier & Macrae, 2008; Knoblich & Flach,

2001; Knoblich & Prinz, 2001; Repp & Knoblich, 2004). This phenomenon
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has been described as either the ‘self-reference effect’ e SRE (Rogers, Kuiper,

& Kirker, 1977; Symons & Johnson, 1997) or the ‘self-reference recollection

effect’ e SRRE (Conway, Dewhurst, Pearson, & Sapute, 2001). Whichever

name is used, self-generated information is more accessible, salient and easier

to process than information related to others (e.g. Cunningham et al., 2008;

Nikander et al., 2014; Toh et al., 2016). In particular, and more relevant for

our study, research in this area showed that the effect of self-involvement on

memory functioning is even stronger when information is actively chosen

rather than passively received (e.g. Mather, Shafir, & Johnson, 2000, 2003).

Individually and collectively these explanations support our claim that de-

signers are more likely to fixate on their own ideas, developing and elaborating

those ideas whilst neglecting better alternatives. In Section 1.2 we had sug-

gested that another result was also possible: that the ideas of others might

seem less provisional or less flawed than a designer’s own ideas and might

thus be more influential in later ideation (Anderson & Holt, 1997;

Bikhchandani et al., 1992; Goeree & Yariv, 2015). However, if there is an

extent to which other people’s ideas might seem less fallible than one’s own,

this is seemingly overshadowed by other effects such as those proposed above

(for similar explanations see Nikander et al., 2014; Toh et al., 2016).
7 Implications for research
Overall, our results contribute to the existing literature on design fixation in

two main ways. First, in previous studies, the sunk cost effect was studied in

situations where designers built physical models of their own ideas and ex-

pended more resources (i.e. time) in doing so (Viswanathan & Linsey, 2011;

2013). In such conditions, it is difficult to establish whether the observed fixa-

tion effects were attributable purely to the amount of resources being expended

on the initial ideas (irrespective of whose efforts were being expended) or

whether those resources have to be expended by the person involved in idea-

tion. In line with Viswanathan & Linsey’s (2013: p. 11) assumptions, we

showed that the effect of sunk cost on design ideation is higher when the re-

sources are being expended by the designer rather than by some other agent.

In practice, this suggests that bringing in ‘new people’ to work on a problem

might have positive results, not just because they bring in new skills, knowl-

edge and perspectives, but also because it is not their resources that have

been expended on developing the current ideas. They might thus more easily

detach from those ideas and develop new ones. We might expect this effect

to be robust even when those new people do know that other people’s re-

sources have been expended and even when they have seen such expenditure

being undertaken.

Secondly, in the experimental design fixation studies (i.e. those following

Jansson & Smith, 1991), the fixating idea is typically the work of an ‘other’
on subsequent design behaviour 21

as: Neroni, M. A., & Crilly, N., Whose ideas are most fixating, your own or other people’s?

y on subsequent design behaviour, Design Studies (2018), https://doi.org/10.1016/



22

Please cite this article in pres

The effect of idea agenc

j.destud.2018.05.004
whilst in qualitative studies (Busby & Lloyd, 1999; Crilly, 2015; Robertson &

Radcliffe, 2009) and in investigations of sunk cost effects (e.g. Viswanathan

&Linsey, 2011; 2013) the fixating ideas have typically been generated by the de-

signers’ ‘self’. We haven’t previously known which of these two forms of fixa-

tion might be stronger or more problematic. The present study provides

insights into this issue by showing that designers are likely to fixate more

strongly on their own ideas (than on those originating from other people)

and we attribute this effect to their personal involvement in the preliminary

ideation process, as explained in various ways in the previous section (but see

McComb, Cagan, & Kotovsky, 2015 for evidence that a bias towards one’s

own ideas can have a positive effect on idea quality in team contexts). Addition-

ally, our findings may also strengthen design research related to psychological

ownership in idea selection (e.g. Nikander et al., 2014; Toh et al., 2016),

strengthening earlier claims through the application of a different methodolog-

ical approach and generalising those claims by showing how they apply to a

different stage of the design process.

Methodologically, our study offered data collection opportunities that differ

from those available in traditional design fixation experiments. We showed

that studying fixation in response to a designer’s own ideas demands a change

of research method, but also promises stronger effects that might permit more

subtle aspects of fixation to be explored. Using a simple computer-based task

(reported in Neroni et al., 2017) simplified the process of capturing and count-

ing all the design moves that the participants made during the trials, not just

the design ideas that they ultimately arrived at. In addition, the collection of

qualitative data (through the use of the concurrent ‘think aloud’ method

and conducting a post-experimental interview) gave us the possibility to

draw inferences about the participants’ cognitive processes (Chrysikou &

Weisberg, 2005) and provided a more contextually rich account of their design

behaviour. When reviewing this qualitative data we found that participants in

the ‘self’ group more often stated that they had designed the bridges in an

automatic way compared to participants in the ‘other’ group. This complicates

the view of design fixation as an unconscious bias (e.g. Perttula & Liikkanen,

2006; Youmans & Arciszewski, 2014) and is more in line with research

showing that the occurrence of fixation effects is often subjectively perceived

(‘after the fact’) as an automatic repetition of familiar behaviour (Bilali�c

et al., 2008; Guindon, 1990; Luchins, 1942; Neroni et al., 2017; Youmans &

Ohlsson, 2008)

Analysing our qualitative dataset revealed that while working on the

multiple-approach trials, participants in the ‘self’ group produced less fore-

casting comments than participants in the ‘other’ group. This is in line with

theories from behavioural economics which propose that decision makers
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experiencing sunk cost effects often consider past expenditures when mak-

ing decisions, without anticipating future costs and benefits (Arkes &

Blumer, 1985; Conlon & Parks, 1987; Kahneman & Tversky, 1979). In addi-

tion, the number of comments related to repetition of behaviour was greater

in the ‘self’ group than in the ‘other’ group. Consistent with this result, a

greater proportion of the ‘self’ group were able to make a good guess about

the aim of the study compared to participants in the ‘other’ group. Interest-

ingly, those participants who were able to make a good guess about the aim

of the study were also those who had demonstrated a less ‘flexible’ behav-

iour during the task: they had generated fewer distinct ideas and had

deleted fewer structural elements during the process of designing. This

pattern of results is in line with those reported by Neroni et al. (2017)

and shows that experiencing fixation during design activities may increase

designers’ awareness of this phenomenon (see also Crilly, 2015;

Croskerry, 2003; Morewedge et al., 2015). Future work may want to clarify

the degree to which designers are aware of fixation before, during and after

fixation episodes (see Pierce et al., 2001; 2003, for the idea that feelings of

psychological ownership are recognized foremost by the ‘owners’ them-

selves). Additionally, these observations highlight the potential for using

a variant of our task to encourage designers to recognize fixation effects

and measure the effects of this recognition on their subsequent behaviour

(for a review of research on computer-based game-like tasks as a means

to promote behavioural and attitudinal changes, see Michael & Chen,

2006).
8 Limitations and future directions
Despite the contributions discussed above, we are aware that our research is

subject to limitations which should be considered when reviewing the results

and how they have been interpreted.

First, in our task, the nature of the single-approach trials limited the number

and variety of ideas that participants could generate. This permitted us to

directly quantify the effect of varying idea agency on later ideation. However,

previous studies suggest that the extent to which an idea can be manipulated

moderates the development of feelings of ownership (Franke et al., 2010;

Pierce et al., 2003). Future work might progressively vary the degree to which

the first set of trials is constrained and thus the range of possible design ap-

proaches that can be implemented. This would allow assessment of how exer-

cising creative freedom in developing design ideas influences the ‘costs’ that are

perceived to have been ‘sunk’ into those ideas, and any effect that this has on

fixation.
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Second, the participants in the ‘other’ group watched videos of the single-

approach trials rather than tackling them as a design problem. Therefore,

in comparison to the ‘self’ group they might have paid less attention to the

design approaches required in those trials, not really learning them and

thus not becoming fixated on them. However, we attempted to eliminate

this possibility by asking those participants to ‘think aloud’ while watching

the videos and to take on the role of the person whose actions they were

watching. Research on perspective taking has shown that viewing a situation

from someone else’s point of view decreases the psychological distance be-

tween the self and the other (Liberman & Trope, 2008), fosters intrinsic moti-

vation (Grant & Berry, 2011) and increases the level of attention and

engagement in a task (Hoever, Van Knippenberg, Ginkel, & Barkema,

2012; Pahl & Bauer, 2013). In support of this, the participants in our ‘other’

group demonstrated a good understanding of the design actions performed in

the videos. This was evident in the think aloud comments that they uttered as

they watched someone else work on the initial trials: “I am trying a different

design.this is definitely better than the previous one”; “I am now supporting

this part, otherwise it will collapse”, “I am using [the] longest pieces again as

this reduces the number of nodes that need to be supported”, “I guess this is

the optimal design”. Future studies might usefully investigate this issue more

directly by manipulating how designers attend to the design work of others

and investigating how this affects their attachment or bias towards those

ideas.

Third, we used a laboratory setting and studied undergraduate students for

whom the complexity of the design task was appropriate. Whilst this offered

opportunities to limit sample variation and extraneous variables, it raises ques-

tions about the generalizability of our findings to other populations and other

contexts. Our results might not hold for other situations, such as when exper-

tise levels vary, task complexity increases, longer project durations are

involved or teamwork is required. This is a common limitation of design fixa-

tion studies and further work conducted in other contexts would be beneficial.

However, if seeking to develop educational interventions such as raising stu-

dents’ awareness of their propensity to fixate then the current research context

and population might be considered directly relevant.

Fourth, the software used in the present study was based on a relatively simple

physics game and was not set up to detect or evaluate the detailed design of the

bridges. However, we recognise that using a more sophisticated software pack-

age (e.g. basic Finite Element Analysis of truss structures) could have provided

participants and researchers with more detailed information about the quality

of the bridge designs (e.g. individual member stresses, buckling behaviour,
Design Studies Vol -- No. -- Month 2018

s as: Neroni, M. A., & Crilly, N., Whose ideas are most fixating, your own or other people’s?

y on subsequent design behaviour, Design Studies (2018), https://doi.org/10.1016/



The effect of idea agency

Please cite this article in press

The effect of idea agenc

j.destud.2018.05.004
factor of safety, etc.). This could be more suitable for studies conducted with

another population, either one that is more experienced or has more special-

ised knowledge (e.g. see Zhang, Xie, & Nourian, 2017 for a fixation study us-

ing digital design tools with more functionality). Other researchers may prefer

to complement or challenge our findings by using more sophisticated truss

software (such as that used byMcComb et al., 2015) to evaluate in more detail

how idea agency impacts the overall quality of designs.

Finally, in the present study we manipulated the ‘agent’ who developed the

initial ideas while controlling for the amount of resources expended (e.g. in

terms of time expended and test cycles implemented). In order to balance

the ‘self’ and ‘other’ conditions with respect to the duration of the initial tasks,

we first ran all the participants in the ‘self’ group and then used a representa-

tive subset of those participants’ videos to generate stimuli for the participants

in the ‘other’ group. This ordering of the groups prevented the use of rando-

mised group assignment which would otherwise have been preferred so as to

minimise opportunities for systematic bias. In addition, whilst we manipulated

the agent and controlled for the amount of resource expenditure, previous re-

searchers (Viswanathan & Linsey, 2011; 2013) did the opposite: they manipu-

lated the amount of resources expended while keeping the agent of resource

expenditure constant. Future studies might usefully combine these approaches

(systematically manipulating agency and expenditure levels) to identify the

conditions under which designers exhibit a higher level of commitment to

initially developed ideas.

9 Conclusions
Since Jansson and Smith’s original study, design fixation has been defined in

many different ways but might generally be thought of as a state in which

someone engaged in a design task undertakes a restricted exploration of the

design space due to an unconscious bias resulting from prior experiences,

knowledge or assumptions. Decades of study have clarified the conditions un-

der which design fixation occurs, and in particular it has been associated with

the resources expended on developing an idea. By one explanation, designers

are then succumbing to a ‘sunk cost’ effect, continuing to invest resources on

the basis of prior commitments rather than prospective gains. In the context of

design, the sunk cost effect has been related to the resources expended in devel-

oping ideas, without attention to the agent responsible for those ideas.

However, parallel research in other fields suggests that the constraining effect

of initial ideas on later behaviour may vary depending on ‘idea agency’. To

address this, the present study explored whether a bias towards initially gener-

ated design ideas varies according to whether the initial ideas were developed

by the designer or someone else. Our results showed that designers were more

fixated on the initial ideas when they had developed those ideas themselves.
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This finding improves our understanding of the mechanisms underlying design

fixation, helps identify situations in which fixation might be especially perni-

cious and provides guidance for developing interventions aimed at reducing

fixation effects.
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Appendix.
Illustration of the coding scheme for classifying design approaches to support the

deck of the bridge
Triangulation Other structural approaches

Equilateral triangle
(as close as permitted by
the software)

Single member (vertical)

Isosceles triangle Single member (angled)

Scalene triangle Double member (in line)

Right-angled triangle Double member (not in line)

‘Flag’ support Quadrangle support

‘J’ support ‘Y’ support

‘Star’ support Right angle support
Note that each type of support could either be above or below the deck. All

bridge designs comprised a combination of the design approaches illustrated

above.
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Coding scheme for classifying design approaches to build the deck of the bridge
ments
f the grid)

Short deck segments
(i.e. less than four squares of the grid)
Note that the maximum permitted length of a deck segment is four squares of

the grid.

Classification of participants’ comments

The comments that participants made while working on the multiple-

approach trials were classified into four main categories:

a) Behaviour. Comments that describe or motivate design actions (e.g. I am

doing this because of that; I am doing this to check that; I am now trying

to optimize this design). Examples from the study: “I’ll try and keep it as

cheap as possible”; “Could do the same on the bottom but I do no need

it”; “I’ll do the base first again”; “I will try something else in the middle,

maybe a triangle”.

b) Forecasting. Comments that anticipate future outcomes and/or difficulties

(e.g. I think that if I will do this, I will get that; I am not trying that

because I assume that it will fail). Examples from the study: “It just might

work like this”; “I’m not sure if it will hold”; “This might break”; “I

could do something like that but it would hold.

c) Repetition. Comments that indicate a return to a prior approach (e.g. I

am using this method because it worked previously; I am doing this,

just like I did it before; I am using the same type of structure that I

used before, etc.). Examples from the study: “This solution worked in

the last example, so I will use it again”; “Let’s return to the previous

shape”; “I will do the same on the other side”; “Given that this works

I can do the same thing on the other end”.

d) Evaluation. Comments that imply some sort of judgement about the solu-

tion (I don’t think I could do something better; I think this is the cheapest

solution; I think this will be strong enough). Examples from the study:

“This cannot be optimised more”; “This is the optimal thing to do at

the edges”; “This is $50,000 but I think I can do better”; “This is quite

more expensive”.
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