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Abstract 

Incubation, which involves putting the problem aside temporarily and performing an 

unrelated activity, has been widely shown to enhance creativity. It has also been 

proposed that incubation may facilitate design ideation, though relatively few studies 

have empirically examined this. As such, there is a lack of knowledge regarding the role 

of incubation in a design context, including the key psychological factors that may 

determine the effectiveness of incubation. One possible influencing factor is the mood 

of the designer during incubation. It is well known that creative cognition is influenced 

by mood, with positive moods in particular being linked with increased cognitive 

flexibility and novel thinking. Previous research has also indicated that positive mood 

during incubation can improve subsequent divergent thinking, although it is not clear 

whether similar effects occur in a design context. Against this background, this thesis 

aimed to assess whether incubation, in general, would facilitate subsequent design 

ideation. In addition, it aimed to examine whether positive moods during incubation 

would be particularly effective in enhancing ideation.  

A preliminary study was firstly conducted to establish the cognitive processes 

associated with the generation of novel design concepts and identify which, if any, of 

these processes were known to be influenced by mood. To this end, 101 product design 

engineering students performed a series of open-ended ideation tasks as well as a 

range of psychological tests that assess different cognitive processes, including 

measures of associative processing, executive function, mental imagery, and 

intelligence. Correlation analyses indicated significant positive relationships between 

idea novelty (assessed by 3 independent raters) and scores on associative flexibility, 

verbal fluency and fluid intelligence. In addition, a significant negative correlation was 
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observed between inhibition and novelty. Finally, a regression model with the cognitive 

test scores showing significant correlation as predictors was found to be explain 26% 

variance in ideation novelty in the sample.  

Importantly, several of the cognitive processes highlighted as key to the generation of 

novel concepts (associative flexibility, verbal fluency and disinhibition) have been 

shown by previous research to be enhanced by positive mood. This suggested that 

positive moods during incubation, through stimulating these processes, may facilitate 

subsequent design ideation. This was formally tested in study 2, in which a group of 

product design engineering students (n=72) were randomly assigned to one of four 

conditions. Each participant performed the same ideation task but with: an incubation 

period with a happy mood induction, or incubation with sad mood induction, or 

incubation where no mood was induced or no incubation period and no induced mood. 

The happy and sad mood induction used in the experiment involved exposure to mood 

appropriate music and text. The neutral group were also exposed to music and text 

during the incubation period but this was not designed to induce any specific mood. 

The results suggested that firstly, there was no evidence of a general (i.e. non-mood 

related) incubation effect in that the control group and the neutral group showed no 

significant differences in terms of fluency or novelty of ideas generated. Secondly, there 

were no significant differences in ideation performance between the three incubation 

groups (i.e., happy, sad, neutral incubation), showing no support for the hypothesis that 

positive moods during incubation period would have a particularly beneficial impact on 

performance. Finally, while there was no evidence of an incubation effect, the results 

did suggest that in general, participants generated more novel ideas in the second half 

of the ideation task. This is consistent with a substantial body of evidence to suggest 

that people become more creative with increasing time on task.  
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The findings of study 2 were inconsistent the wider creativity literature, where mood 

and incubation have been widely demonstrated to be key factors of influence on 

creative performance. However, much of the evidence for this is based on studies using 

standardised creativity tasks such as divergent thinking and insight tasks. Thus, a 

possible explanation of the findings was that incubation and mood simply have reduced 

influence in more domain-specific, applied creativity settings. In general, incubation 

may interfere with some designers’ established routines and preferences regarding if 

and when to take a break. In terms of mood during incubation, previous work has 

indicated that mood may exert counter-active effects on more applied creativity tasks, 

because while it enhances novel thinking and cognitive flexibility, it impairs the more 

constrained and analytical processes that are required for generating practical 

solutions – the result being no overall impact on ideation performance. The above 

arguments could be explored further by examining the effects of the mood-based 

incubation paradigm in a more domain-general creativity context. If incubation effects 

(either general or in relation to mood) were observed under such circumstances, this 

would give support to the notion that incubation and mood have more facilitative 

effects in general-creativity settings, with reduced influence in more applied, domain-

specific contexts. Alternatively, if similar results to study 2 were observed, this would 

suggest that the findings were due to methodological factors associated with the 

experimental paradigm.  

To explore this, a final study was conducted (n=80) which examined the effects of the 

mood-incubation procedure in a more domain-general creativity setting. The same 

incubation paradigm was employed as in study 2 with the exception that participants 

were from a non-design background (mainly psychology students) and the creativity 

task was Finke’s (1996) mental synthesis task. The results suggested that fluency was 

marginally affected by incubation, in that while both the control group and the neutral 
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incubation group showed a decline in the number of ideas generated in the second 

phase of the synthesis task, this decline was less pronounced for the incubation group. 

However, in most key respects the results were similar to study 2: there was no 

evidence that incubation facilitated novelty, nor was there any evidence to suggest that 

positive moods were particularly effective during incubation. Finally, as in study 2, a 

serial order effect was observed with all groups showing higher novelty in the latter 

half of the task.  

Overall, the thesis found no evidence to suggest that incubation facilitates subsequent 

ideation, nor was there any evidence for the notion that positive moods are particularly 

effective in enhancing ideation. The fact that this was the case for design ideation and 

domain-general creativity suggests that the findings may be due to specific 

methodological factors, rather than an incompatibility between incubation and design 

ideation, as was initially proposed. Regarding the absence of general incubation effects, 

this could be due to the nature of the incubation task, as well as participants’ lack of 

awareness of a task return following incubation. The lack of positive mood-related 

effects could be attributable to limitations with the mood induction procedure, or the 

influence of sketching during ideation. The potential involvement of these factors and 

how they may have influenced the results is discussed in the relevant chapters. 

Suggestions are also made for how future research can further explore their role in 

incubation. Overall, the research highlights that incubation effects can be elusive, and 

that taking a break is by no means guaranteed to facilitate performance. Finally, the 

results do provide clear support for the notion that creativity improves with time 

(serial order effect). Future research should explore the cognitive mechanisms that 

underlie the serial order effect in a design context, and whether certain factors (e.g. 

expertise, fluid intelligence) moderate it. 
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1.1  Introduction 

It is difficult to imagine a creative professional whose works are more fundamental, 

influential, and readily accessible than that of the product designer. The artefacts, 

services and systems that they create shape our everyday actions and interactions and 

have become an essential part of human existence. In order to enjoy the great 

masterpieces of Da Vinci and Van Gogh, one would have to go to the Louvre Museum in 

Paris, or the Museum of Modern Art in New York. The creations of the Product 

Designer, however, are enjoyed virtually every minute of every day, whether in wake or 

in sleep. And while some maintain that they cannot live without the majestic 

symphonies of Beethoven, or the hypnotic Goldberg Variations of Bach, it is in fact only 

the works of the product designer that our lives are truly dependent upon. 

Indeed, one would not have to think too hard or look too far to find an example of a 

lifesaving product. From backpacks that convert to lifejackets during tsunamis 

(Akuzawa, 2021), to drones that assist with mountain rescue operations (Jackson, 

2020); from a device that stops internal bleeding immediately following a stab wound 

(Cobham, 2021), to facemasks that prevent the transmission of respiratory viruses 

during global pandemics (Pepples, 2020) - our world is filled with an ever-expanding 

array of products that can provide vital support in the most critical and threatening of 

situations.  

Of course, it would be wrong to suggest that all products are literally lifesaving – most 

simply make life more worth living. It is hard to imagine where we would be, both 

individually and societally, without the artefacts that we use and interact with on a 

daily basis: coffee makers, thermal flasks, fitbits, nutribullets, air fryers, soundbars, 

iPads and electro-scooters - to mention only a few. These products - whether we truly 
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need them or not - have come to colour our everyday existence, and they epitomise the 

technological advancement of modern civilisation.   

Given the importance of products, it is unsurprising that there is a significant level of 

interest in the creative minds responsible for bringing them into being. In fact, for some 

60 years now there has been an entire field – known as design cognition – devoted to 

better understanding how designers think when designing (Dinar et al., 2015). A 

significant amount of this work has focused on the early and ill-structured conceptual 

design phase, often regarded as the most creative stage of design (Ma et al., 2011). It is 

during this time that design ideation is conducted, whereby a designer (or team of 

designers) generate ideas in response to a design brief. Ideation is the key means by 

which solutions are discovered (Helm et al., 2016) and plays a key role in determining 

the cost and quality of the final product (Helm et al., 2016; Jin & Benami, 2010; Pahl et 

al., 2006). On a broader scale, the ability to generate novel and feasible concepts during 

the ideation phase is thought to be a necessary condition for a company’s commercial 

success, as well as for societal and technological progress more generally (Chakrabarti 

& Khadilkar, 2003; Li et al., 2007; Ma et al., 2011). 

Ideation is thus a critical phase of the design process, and there is widespread 

acknowledgement that we need to better understand the cognitive processes that 

underlie it. Knowledge in this area is essential for devising methods that can enhance 

ideation (Nguyen & Zeng, 2010), for developing computational tools to support it 

(Duffy et al., 2019; Gero & Tang, 2001; Kim et al., 2010), as well as for the general 

improvement of design education (Liu et al., 2018a; Park & Kim, 2007). In short, design 

cognition research is not merely about satiating the appetite of curious researchers: it 

is essential for the development of the tools, systems and organisations that will 

cultivate and support the next generation of designers. 
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“Imagine-D”, the wider research project with which this thesis is associated, has taken a 

multidisciplinary approach to design cognition research, combining expertise in design 

engineering, psychology, and neuroscience in order to explore the neurocognitive 

underpinnings of design ideation. A prominent contribution of the project has been the 

use of fMRI to uncover the neural regions and networks that support ideation in 

professional product design engineers (Hay et al., 2019a; Campbell et al., In 

preparation). This research has highlighted the involvement of prefrontal-based 

executive control regions during ideation, as well as contributions from regions 

involved in long-term semantic and episodic memory (Campbell et al., In preparation; 

Hay et al., 2019a). Functional connectivity analysis has also shed light on the 

interaction of large-scale brain networks during ideation, such as the Default Mode 

network and Executive Control network (Campbell et al., In preparation). 

In addition, the project has also utilised behavioural methods to explore various design 

cognition-related phenomena such as the cognitive basis of design synthesis 

(McTeague et al., 2017; 2018), as well as how designers intuitively use gestures to 

interact with CAD-like 3D environments (Vuletic et al., 2019; 2021). In light of 

significant developments in Human-Computer Interaction (HCI) systems within the last 

decade, there is a long-term possibility that insights from the above neuroimaging and 

behavioural research could contribute to the development of a CAD system that 

responds directly to the designer’s neural/cognitive activity and intuitive gestures 

(Duffy et al., 2019). 

Naturally, much of the focus of the research stemming from the project has been on 

designers as they are engaged in the act of designing – whether this be capturing brain 

activity during ideation, or gestures elicited when manipulating 3D objects in virtual 

environments. Yet there is good reason to suppose that we also need to consider the 
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processes occurring when the designer temporarily steps away from a design task, 

putting the problem out of conscious awareness and attending to other matters. This 

period, commonly known as the ‘incubation period’, forms the focus of this thesis. 

1.2 The role of incubation in design ideation  

It is an interesting paradox that creativity, a highly valued attribute that is thought to be 

essential for the production of novel and unique work, can often be facilitated by 

engaging in the most routine (even mundane) of human activities. An international 

consumer survey of 4000 people conducted by creativity expert Scott Barry Kaufman 

reported that 72% of people get their most creative ideas in the shower (Smith, 2016). 

Empirical evidence also suggests that creative cognition can be facilitated by the simple 

act of taking a walk (Oppezzo & Schwartz, 2014). In fact, some of the most fundamental 

scientific discoveries and breath-taking artistic creations were made under 

circumstances that might be considered procrastination (Ghiselin, 1952). One of the 

most influential anecdotal cases of this is Poincaré, who reported discovering solutions 

to complex mathematical problems while relaxing on holiday.   

 While it may be unintuitive, it seems to be the case that sometimes the most 

productive thing we can do on a task is to step away from it temporarily. In the 

psychology literature on creativity, the official term for this phenomenon is incubation. 

Incubation was first introduced in Wallas’ (1926) four-stage model of creativity, which 

theorised creative discovery as a linear process of 1) preparation (initial work on the 

problem), 2) incubation (conscious work on the problem is suspended, but processing 

may continue unconsciously), 3) illumination (the solution to the problem is realised), 

and 4) verification (a final period of conscious work on the problem during which the 

veracity/suitability of the solution is thoroughly examined).  While Wallas’ (1926) 

model was largely based on anecdotal cases, there is now a substantial body of 
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empirical evidence to show that creativity can be facilitated by having an incubation 

period (see Sio & Ormerod, 2009; for a meta-analysis).  

While there is much support for the incubation effect, it does have to be noted that the 

majority of this is based on relatively simplistic creativity and problem-solving tasks, 

such as the Alternative Uses Task and the Remote Associates Task. There is less 

knowledge regarding the influence of incubation in more practical problem-solving 

contexts, including creative ideation as carried out by professional designers in 

industry. 

Although design ideation and generic creativity tasks have some commonalities, there 

are also a number of key factors that distinguish the two. Firstly, while both design 

ideation problems and generic creativity tasks generally require novel solutions, in the 

former a range of additional requirements and considerations exist, including 

technical/functional constraints (Hay et al., 2019; Shah et al., 2003;2012), 

client/stakeholder demands, budget limitations and wider social/environmental 

pressures (e.g., global warming).  Secondly, in design ideation much greater emphasis is 

placed on the externalisation of ideas generated e.g., by producing sketches. Sketches 

are widely utilised in industrial practice, and have a diverse range of functions such as 

offloading memory constraints (Bilda and Gero, 2007), as well as in stimulating 

creative mental imagery processes (Goldschmidt, 1991). In addition to sketches, Ball 

and Christensen (2019) discuss the important role of ‘post-it notes’ in design industry, 

which provide “simple, yet powerful and flexible, representational medium for 

capturing ideas and imposing a degree of organisation on a complex situation.” (p.9). 

Finally, owing to the higher level of complexity of design problems and the difficulty 

associated with generating solutions that are both novel and feasible, it is common for 

professional designers to use various techniques, methods or support tools during 
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ideation. For example, a number of techniques have been developed to facilitate the use 

of analogical reasoning during design ideation (e.g. Design-by-Analogy; McAdams & 

Wood, 2002).  

Despite these key differences between design ideation tasks and more simplistic 

creativity tasks, there are nonetheless a number of ways in which incubation could also 

be highly effective in a design context. Firstly, it has been suggested that incubation 

may provide a means for overcoming design fixation, in which prior knowledge and 

experience lead to a ’restricted exploration of the design space’ (Crilly and Cardoso, 

2017, p.6) and constrain creativity. Design fixation is a widely observed phenomenon 

both in laboratory experiments (Chan et al., 2011; Jansson and Smith, 1991) and in 

design practice (Crilly, 2019). Incubation may help relieve design fixation by providing 

the designer time to shake off the influence of counterproductive knowledge (e.g. 

regarding existing designs) that has led to initial fixation (Smith & Linsey, 2011).   

Secondly, temporarily suspending the problem could provide designers an opportunity 

to discover inspirational stimuli in the environment which may aid in the discovery of a 

novel solution (Kolodner & Wills, 1996). This may principally involve encounters with 

visual stimuli, given that this form of stimuli has been widely shown to influence design 

creativity (Cardoso & Badke-Schaub, 2011; Casakin & Goldschmidt, 2000). However, 

there is also evidence for the role of verbal stimuli (Goldschmidt & Sever, 2011), thus 

activities such as reading during the incubation period could also influence subsequent 

ideation. Finally, it is possible that task-related unconscious processing during 

incubation could facilitate ideation. Such processes could contribute to the experience 

of “sudden moments of inspiration” that have been reported by designers 

(Chandrasekera et al., 2013). Alternatively, the benefits of unconscious work during 
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incubation may reveal themselves more gradually when the designer returns to a 

suspended task.  

Despite the proposed benefits of incubation on design ideation, only a handful of 

studies have empirically examined this issue. Moreover, results from these initial 

studies have been somewhat mixed, with some suggesting incubation benefits ideation 

(e.g. Al-Shorachi et al., 2015; Vargas-Hernandez et al., 2010) but others finding limited 

or no incubation effects (e.g. Cardoso & Badke-Schaub, 2009; Tsenn et al., 2014). As 

such, the question of whether incubation actually facilitates design ideation is still open 

to investigation. 

A related issue concerns the factors that might influence incubation in design ideation. 

Existing research within the general creativity literature suggests that incubation is 

influenced by a number of variables including the type of incubation task (Gilhooly et 

al., 2012; Sio & Ormerod, 2009), the duration of the incubation period (Kaplan & 

Davidson, 1989) and the level of fixation before the incubation period (Vul & Pashler, 

2007; but see Morrison et al., 2017). In a design context, however, little work of this 

nature has been conducted, and there is a poor understanding of the factors that may 

influence incubation for designers and lead to enhanced incubation effects.  

One factor that could be crucial is the designer’s mood during incubation. In general, 

the relationship between mood and design ideation is a relatively under explored topic. 

However, the broader psychological literature has shown that mood and creative 

cognition are closely related, with positive moods in particular being linked with 

enhanced creativity. Importantly, there is also increasing anecdotal, theoretical and 

empirical work to suggest that positive mood during incubation has a facilitative effect 

on subsequent creativity. In the face of this growing body of work, this thesis explored 

the possibility that the mood state experienced by a designer during incubation has a 
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critical influence on the novelty of ideas subsequently generated. The potential role of 

mood during incubation in design ideation will be discussed in more detail below 

(section 1.4). Before doing so, some clarification of key mood-related terminology is 

provided. 

1.3 Clarification of key terminology 

It is important to firstly distinguish mood from affect and emotion because these terms 

are often used interchangeably which can lead to confusion. Affect is a general term 

encompassing mood and emotions, which are held to be two distinct but related forms 

of affective state. One of the key characteristics that distinguish emotions and moods is 

object-directedness. Emotions are held to be directed towards a specific target or 

stimulus (Baas et al., 2008; Davis, 2009; Frijda, 1993; Parkinson et al., 1996), such that 

one might be sad about a film, or angry about being caught in a traffic jam (Baas et al., 

2008). Moods, by contrast, are held to be more generalised in nature, and are not 

necessarily caused by, or directed towards, a specific event (Davis, 2009). In addition, 

emotions are argued to be more intense than moods (Frijda, 1993) and may also be 

experienced or felt with greater clarity (Beedie et al., 2003). While moods may be less 

intense than emotions, they are of longer duration (Baas et al., 2008; Davis, 2009). It 

has also been suggested that the onset and decay of emotions occur instantaneously, as 

opposed to moods which emerge, change and dissipate more slowly over time (Beedie 

et al., 2003; Parkinson et al., 1996). 

Secondly, it is important to clarify the distinction between the concepts of tone and 

arousal. Most theorists maintain that affective states can differ in terms of levels of tone 

and arousal (Baas et al., 2008; Jallais & Gilet, 2010; Russell, 1980; Serino & Repetto, 

2018). Tone refers to whether the affective state is positive or negative, whereas 

arousal refers to “the degree of physical and psychological activation” that is 
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experienced during the affective state (Schellenberg et al., 2007, p. 5). Affective states 

can thus be distinguished according to their different patterns of tone and arousal. For 

instance, a calm mood involves positive tone with low arousal, whereas states such as 

anger and fear involve negative tone with high arousal (Baas et al., 2008). 

1.4 The role of mood during the incubation period in design ideation 

The notion that positive mood plays an important role during the incubation period is 

firstly premised on the fact that there is a well-established link between positive moods 

and creativity (see Ashby et al., 1999; Baas et al., 2008; for reviews). This is thought to 

stem from the fact that positive mood stimulates exploration, cognitive flexibility, and 

the adoption of novel perspectives (Carver, 2003; Friedman & Förster, 2010; Schwarz, 

1990, 1994). Positive moods have also been shown to stimulate semantic association 

(Corson, 2002; Topolinski & Deutsch, 2013), a process widely held to be fundamental 

during divergent thinking (Benedek et al., 2012b; Runco, 2004). 

Importantly, there is a growing body of work to suggest that positive moods may play a 

particularly important role during incubation. Anecdotally, a number of reports from 

creative geniuses such as Poincaré and Mozart suggest that they generated some of 

their most creative ideas and works under relaxed and pleasurable circumstances, such 

as while travelling or during an evening walk (Amabile et al., 2005; see also Vernon, 

1970).  Such cases indicate the possibility that an incubation period in which positive 

affect is experienced may be highly conducive to subsequent creativity. 

In terms of more modern accounts, a number of theorists have suggested that positive 

moods during incubation are particularly effective in reducing cognitive fixation 

because they induce a broader attentional state and enhance cognitive flexibility 

(Haager et al., 2014; Morrison et al., 2017). Thus, the solver may be more likely to move 

away from ineffective strategies applied before the incubation period. The potential 
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fixation-reducing effects of positive mood during incubation are particularly important 

within a design context since fixation has been widely documented as a significant 

hinderance to creativity. For instance, it is well-known that designers have difficulty 

overcoming the influence of existing products (Jansson & Smith, 1991), as well as their 

own previously generated ideas (Neroni & Crilly, 2019). An incubation period with 

positive mood may be particularly effective in allowing the designer to adopt a more 

flexible approach which can aid in the generation of novel ideas. 

With regards to empirical evidence, only one study to date has directly investigated the 

role of affect during the incubation period (Hao et al., 2015). This study found that 

positive emotions (induced over a 30-second incubation period) were most effective in 

enhancing subsequent divergent thinking, as compared with a negative and neutral 

emotion condition. The authors interpreted this within the Unconscious Work Theory 

of incubation (e.g. Gilhooly, 2016; Ritter & Dijksterhuis, 2014; Wallas, 1926), arguing 

that positive moods stimulate unconscious remote associative processes during 

incubation.  

The above gives some indication that positive mood may also be an important factor 

during incubation in a design context. However, it is important to emphasise that these 

insights are largely based on the psychology literature on creativity, where there has 

been a tendency to rely on divergent thinking tasks. Design ideation and divergent 

thinking share a number of key similarities in that they are both thought to involve 

creativity i.e. the production of ideas that are both novel and in some way useful (Runco 

& Jaeger, 2012). However, it is important to acknowledge that they are not the same 

thing, and likely differ in key ways in terms of their respective cognitive underpinnings 

(see section 3.2 for further discussion). As such, it cannot be assumed that mood will 

have the same effect in both cases. The influence of mood during incubation on 
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subsequent design ideation may depend to a large extent on what cognitive processes 

are involved in design ideation and whether they are influenced by mood. This issue 

formed the focus of study 1 (chapter 3) of the thesis, which directly examined the 

cognitive processes associated with the generation of novel design concepts. From this, 

more precise predictions could be made regarding the interaction of mood and 

cognition during incubation in design ideation. 

Note finally that the above factors are largely concerned with the theoretical 

justification for examining mood during incubation in design ideation. However, there 

is also a more practical dimension to this issue that is worth highlighting. Given the 

complex nature of design ideation problems and the requirement that designers be able 

to think innovatively (Daly, 2012), there is significant interest in developing methods 

and interventions that can be utilised by professional designers in order to facilitate 

ideation. Importantly, the types of activities that are typically used to induce mood (or 

affect more generally) are highly accessible, including listening to music (Rowe et al., 

2007; Yamada & Nagai, 2015), watching videos (Hao et al., 2015; Rottenberg et al., 

2018) and reading texts (Watts et al., 2019; Willner & Healy, 1994). If an incubation 

period which included one or more of these activities was found to be particularly 

effective in enhancing subsequent design ideation, then it is possible that a mood-based 

incubation procedure could be applied more formally as a short-term intervention for 

improving design ideation. At the very least, the results could give designers an idea of 

the types of activities they ought to engage in during incubation as a means of boosting 

ideation performance.  

In sum, the above theoretical and practical considerations suggest that mood during 

incubation could be a key factor in influencing subsequent design ideation, and also has 

the potential to be utilised as a means of improving ideation. In this thesis, the role of 
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mood during incubation was explored over the course of three empirical studies. In 

addition, the thesis more generally explored the impact of incubation on subsequent 

ideation. Before an overview of the studies is provided, it is useful to clarify the overall 

methodological approach adopted in the reported research. 

1.5 Methodological approach  

The three empirical studies reported in this thesis were conducted using the controlled 

experiment approach, which typically involves controlled hypothesis testing and 

examination of relationships between variables. However, this is only one of many 

methods available to design researchers, and so it is useful to consider the merits and 

limitations of the current approach in relation to other methods, as well as the reasons 

for adopting it in the present research. It is also useful to discuss the current approach 

in the context of broader changes that are underway within design cognition research, 

particularly in terms of efforts to increase theoretical cohesion and introduce new 

methodological perspectives (Cash, 2018; Hay et al., 2020). A final issue that warrants 

discussion concerns the measures of ideation performance assessed in the current 

research studies - i.e. novelty and fluency. These are commonly used metrics of 

creativity performance – especially in incubation research – though several other 

measures exist (e.g. usefulness, feasibility). It is therefore important to clarify the 

rationale for focusing only on novelty and fluency in the present research. 

1.5.1 Controlled experiment approach  

The research reported in this thesis used the controlled experiment approach, which is 

characterised by use of controlled tests of ideation/cognitive performance, the 

specification of pre-defined outcome measures as well as the application of quantitative 

data analysis methods (e.g. ANOVA, multiple regression). It is regarded as particularly 
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suitable for hypothesis testing as well as controlled isolation of variables and 

examination of their relationships (Cash et al., 2013; Dinar et al., 2015). In the design 

cognition literature, this approach has commonly been applied when examining the 

utility of a particular method/tool/intervention on subsequent design outcomes (e.g. 

Al-Shorachi et al., 2015; Lindsay et al., 2012; Vargas-Hernandez et al., 2010). It was thus 

deemed to be appropriate in the current research in terms of assessing the effects of 

incubation on ideation performance. More generally, the approach can be used to 

examine the cognitive processes involved in ideation, for instance by examining 

statistical relationships between cognitive tests (assessing a particular cognitive 

process) and metrics of ideation performance. This approach has been widely applied 

in the general creativity literature (e.g. Beaty et al., 2014b; Benedek et al., 2012b; 

2014b), and a handful of studies within the design cognition literature have also taken 

this approach (e.g. Dumas et al., 2016; Kim et al., 2005). In the current research, this 

approach was highly useful for investigating the cognitive processes associated with 

ideation novelty (study 1), allowing for examination of a) the strength and direction of 

the relationship between cognitive processes and novelty, b) whether different 

cognitive processes interact to influence novelty and c) the total variance in novelty 

that can be accounted for by the cognitive processes assessed.   

In a number of respects, the controlled experimental approach addresses many of the 

shortcomings of the more widely applied protocol analysis method, which requires the 

designer to verbally report their mental activity relating to the design task either 

concurrently (i.e. while performing the design task) or retrospectively (i.e. while 

watching a video recording of themselves performing the design task; Gero & Tang, 

2001). Within the controlled experimental approach, there is no need for concurrent 

verbalisation, which circumvents two key issues associated with protocol analysis. The 

first is that concurrent verbalisation during ideation may influence the very cognitive 
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processes under investigation (Chiu & Shu, 2010; Lloyd et al., 1995; Suwa & Tversky, 

1997). Note that the protocol method can also avoid this by using retrospective 

reporting although this approach has its own limitations (e.g. selective recall, see Suwa 

& Tversky, 1997). The second is that not all cognitive processes are capable of being 

verbalised. It is well-known, for instance, that cognitive processes such as inhibition 

and semantic association can occur automatically and unconsciously (Dijksterhuis & 

Meurs, 2006; Howard et al., 2014), and so they may be difficult to detect using protocol 

analysis. In the context of this thesis, this is a particularly salient limitation, since many 

of the cognitive processes that are influenced by factors such as incubation and mood 

could be implicit and automatic.  

Another notable advantage of the controlled experimental approach is that it is 

conducive to large sample sizes. Larger sample sizes generally give greater assurance 

that the observed effect is meaningful and generalisable to the wider population 

(Button et al., 2013; Dinar et al., 2015). This contrasts with the protocol method which, 

due to its time and resource intensive nature, often necessitates the use of small sample 

sizes. As such, a significant portion of protocol study findings may be subject to a high 

margin of uncertainty (Hay et al., 2017a).   

 It is, however, important to highlight that the controlled experimental approach is not 

without limitations. In general, controlled experiments yield data that are less rich than 

studies using qualitative methods such as protocol analysis and case studies, and they 

are less well suited to exploratory investigations in new research areas. While 

experimental approaches can achieve richer data by conducting post-experiment 

interviews and questionnaires (Dinar et al., 2015), this is often unfeasible because it 

substantially increases time costs, both in terms of running the actual experiment as 

well as conducting subsequent data analysis. Thus, the incorporation of quantitative 
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and qualitative methods in a single study, while likely fruitful, remains a considerable 

challenge to design researchers (Hay et al., 2017a). 

A further criticism of the current methodological approach is that it lacks ecological 

validity and findings can be difficult to relate to design as it occurs in practice (Ball & 

Christensen, 2018; Cash et al., 2013; Crilly & Cardoso, 2017; Shah et al., 2003b). This 

criticism can be levelled at any research method (e.g. protocol, conversation analysis) 

conducted under laboratory conditions, although it may be particularly applicable to 

the controlled experimental approach given the tendency for this method to isolate 

particular variables of interest whilst controlling for others. In general, Ball and 

Christensen (2018) argue that laboratory studies often overlook the multitude of 

factors that influence the design process, such as interaction with team members, other 

key departments and stakeholders, as well as the impact of technology and external 

support tools. They therefore advocate for more studies to adopt an ethnographic 

approach to design which integrates theoretical approaches from a number of levels 

including cognitive, social, and cultural perspectives.  A final consideration relating to 

ecological validity is that experimental studies tend to use student designers (Cash et 

al., 2013) and it is not necessarily the case that findings from this population generalise 

to experts, owing to differences between the two groups such as age and experience. 

While the experimental approach undoubtedly has its limitations, this does not 

undermine the fact that it can make a valuable contribution to our understanding of 

design cognition. Indeed, Cash et al. (2013) carried out an observational study of design 

practitioners working on a project under natural conditions and compared this with 

design students working on a similar task during more contrived laboratory settings. 

While Cash et al. (2013) did observe some differences between the two (e.g. in terms of 

sketching behaviour and rate of idea generation), they also found that there were many 
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similarities in terms of ideation activity across these settings. The authors therefore 

concluded that lab studies are a useful research tool, and that findings from such 

studies can meaningfully relate to design practice.  

1.5.2 Current approach in the context of broader developments in the field 

It is also worth considering the current approach in the context of the broader 

discussion about the maturation and advancement of design cognition as a field (Cash, 

2018; Duffy et al., 2019; Hay et al., 2020). A salient criticism of design cognition 

research is that there is a lack of diversity in terms of methodological approaches 

(Cash, 2018; Crilly, 2019), with a tendency to rely on small-scale protocol studies (Hay 

et al., 2020). While protocol studies can undoubtedly be useful and have enhanced 

knowledge in the field, reliance on this approach may be problematic in light of its 

aforementioned limitations. In this sense, the current research (and the Imagine-D 

project as a whole) may be considered part of a broader trend towards the 

diversification of methods applied to design cognition research, which includes 

protocol studies but also involves larger-scale quantitative studies as well as use of 

neuroimaging methods. Such efforts do not seek to assert the superiority of any one 

method in particular, but rather to embrace the notion that a diversity of methods is 

most conducive to the development of scientific knowledge in the field (Cash, 2018).   

A further criticism of the existing literature is that there is a lack of terminological 

consistency across studies (Hay et al., 2017a), which has made it difficult to identify 

commonalities in the literature and develop scientifically robust theories of ideation 

(Cash, 2018). As such, there is still a lack of clarity regarding the nature of the cognitive 

processes involved in ideation (Duffy et al., 2019; Hay et al., 2017a). In accordance with 

previous publications from the Imagine-D project, this thesis has described specific 

cognitive processes as they are defined within the cognitive psychology literature, 
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given that in this field there is generally a greater level of terminological consistency in 

this regard, as well as a shared understanding regarding what cognitive processes exist 

and their biological basis.  For instance, there is general consensus regarding the 

existence of a number of separate, higher-order cognitive processes involved the 

monitoring and regulation of thought (broadly known as executive functions), 

including inhibition, shifting and updating (Diamond, 2013). Early evidence for the 

independent existence of such processes was based on factor-analytical modelling 

(Miyake et al., 2000), and this has been further supported by neuropsychological 

evidence showing that they have distinct neural underpinnings (Cristofori et al., 2019). 

Likewise, there is a unified theoretical understanding of the existence of a number of 

distinct memory systems including semantic memory (stored knowledge of 

facts/concepts), episodic memory (stored knowledge of personal experiences) and 

working memory (short-term storage and manipulation of information) as well as 

evidence for their corresponding neural substrates (Binder & Desai, 2011; Chai et al., 

2018; Dickerson & Eichenbaum, 2010). In this thesis, use of terminology from cognitive 

psychology thus aimed to aid clarity regarding the specific cognitive processes under 

discussion. In addition, this facilitated the mapping of well-established theories of 

creative cognition (developed within cognitive psychology) onto the domain of design 

ideation, including theories specific to incubation and mood as well as more general 

models of the creative process. 

1.5.3 Outcome measures examined: novelty and fluency 

It is finally important to discuss the measures of ideation performance assessed in the 

current research. The key outcome measure of interest across the three studies was 

novelty. In design research, novelty is regarded as one of the most important measures 

on which to evaluate early-stage design concepts (Brown, 2014; Chakrabarti & 
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Khadilkar, 2003; Hay et al., 2019b). This likely relates to the fact that novelty is 

fundamental to most existing conceptualisations of creativity (e.g. Amabile & Pratt, 

2016; Mumford, 2003; Runco & Jaeger, 2012) as well as the fact that the generation of 

novel design concepts (and subsequently novel products) is thought to be fundamental 

to a company’s commercial success (Chakrabarti & Khadilkar, 2003).  

In addition, novelty is widely regarded to be one of the key measures enhanced by 

incubation. For instance, several Unconscious Work-related theories of incubation 

emphasise the importance of diffuse, associative cognition during incubation and how 

this facilitates the generation of more novel and unique associations that would be 

relatively inaccessible on the basis of conscious work alone (Dijksterhuis & Meurs, 

2006; Gilhooly, 2016; Hélie & Sun, 2010). Thus, an increase in novelty following 

incubation is expected, and indeed, novelty - or similar (e.g. originality, uniqueness) - is 

one of the most common performance metrics used in incubation studies on divergent 

thinking (Baird et al., 2012; Chiang & Chen, 2017; Gilhooly et al., 2012; Hao et al., 2014; 

2015). This includes the only existing mood-incubation study by Hao et al. (2015), 

which suggested that positive moods during incubation stimulated unconscious 

associative processes, thereby enhancing subsequent novelty (Hao et al., 2015). In light 

of the above factors, novelty was adopted as the key measure of ideation performance 

in the present research.   

Another aspect of ideation performance examined was fluency i.e. amount of ideas 

produced. In general, fluency continues to be a widely adopted measure of ideation 

performance in both the creativity (Chen et al., 2019; Gilhooly et al., 2015; Hendrik et 

al., 2019) and design literature (Al-Shorachi et al., 2015; Cao et al., 2021; Vasconcelos et 

al., 2017). In a design context, it is argued to be a useful indicator of creativity on the 

premise that the more ideas generated, the greater likelihood that a solution will 
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emerge that is novel and meets the requirements of the problem (Tversky & Chou, 

2010). Among the existing design incubation studies, a number have suggested that 

incubation improves fluency (Al-Shorachi et al., 2015; Tsenn et al., 2014; Vargas-

Hernandez et al., 2010), but it is not known whether there is any additional influence of 

positive mood on this measure. Given the above, as well as the ease with which fluency 

can be assessed, it was deemed useful to include fluency as an outcome measure in the 

present incubation studies.  

It is finally important to highlight that there are other measures of creative 

performance that were not assessed in the present research. In a design context, a 

particularly important measure is feasibility i.e. the extent to which a concept can be 

manufactured and implemented (Al-Shorachi et al., 2015). Closely related to this is the 

measure of quality i.e. extent to which solution is feasible and meets the design 

specifications (Shah et al., 2003a). Such factors are critical in distinguishing design 

ideation tasks from divergent thinking tasks - only in the former is it important that 

ideas meet a set of specifications and have the potential to be realised as functional 

products (Hay et al., 2019a; Shah et al., 2003a; 2012).  

Whether and how these measures are influenced by incubation (both in general and in 

relation to mood) is a highly interesting question, though it is beyond the scope of this 

the present research. This is partially due to the motivation to focus mainly on novelty, 

given the theoretical prominence of this measure in the existing incubation literature. 

However, it is also due to more practical issues surrounding the method of creativity 

assessment employed in this thesis, which was based on the Consensual Assessment 

Technique (Amabile, 1982; see section 3.3.3 for overview). While this is widely 

regarded as a valid and reliable method for assessing creative performance, it is a 

highly lengthy procedure which also relies on the availability of domain-experts in the 
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field. As such, the inclusion of additional creativity measures here would have led to a 

considerable increase in time and resource costs. This practical consideration also 

influenced the decision to focus on novelty in the present research.  

1.6 Overview of thesis 

Incubation is a well-studied phenomenon in the psychology literature, and its beneficial 

effects on subsequent creativity have been widely demonstrated. However, there is a 

lack of understanding on the role of incubation specifically in a design context, 

including its general impact on design ideation and the factors that may influence its 

effects. In this thesis, a key aim was to establish whether incubation would facilitate 

subsequent design ideation. In addition, drawing on a wide body of anecdotal, 

theoretical, and empirical literature, the thesis also aimed to explore the notion that 

positive moods during incubation may be particularly effective in enhancing 

subsequent design ideation.  

The thesis is composed of a main literature review chapter, followed by three empirical 

study chapters, and finally, a general discussion. Note that each empirical study chapter 

also commences with a review of research literature specifically relating to the focus of 

that study.  

In the main literature review (chapter 2), a general introduction to incubation research 

is provided, including common experimental paradigms and tasks used for exploring 

incubation effects. The main theories of incubation, and their empirical support in the 

psychology and design literature, are also discussed in depth in this chapter.  

Chapter 3 reports a preliminary study (study 1) which aimed to gain clarity regarding 

the cognitive processes associated with novel idea generation in design. The influence 

of positive mood during incubation on subsequent design ideation likely depends to a 
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large extent on what cognitive processes contribute to the generation of novel ideas 

and whether they can be enhanced by positive mood. It is difficult to make predictions 

in this regard due to existing shortcomings in our knowledge of the cognitive processes 

involved in ideation (as discussed in section 1.5.2 above). As such, study 1 (n=101) 

used a relatively novel approach in the literature in which product design engineering 

students performed a series of ideation tasks as well as range of cognitive tests, each 

assessing different cognitive processes (e.g. semantic association, executive functions). 

Statistical relationships were then examined between the cognitive tests scores and 

novelty scores on the ideation tasks. After identifying the cognitive processes 

associated with novelty, the existing mood-cognition literature was consulted in order 

to establish how such processes were known to be influenced by positive mood. 

In study 2 (chapter 4) the influence of mood during incubation on subsequent design 

ideation was directly investigated. Product design engineering students (n=73) 

performed an ideation task under one of four conditions (positive, negative, neutral 

incubation and control). In the incubation conditions, participants performed the 

ideation task for 8 minutes, and were then given an incubation period during which 

they performed a mood induction for 8 minutes (involving exposure to mood-relevant 

music and text). They then returned to the ideation task for a final 8 minutes. In the 

control condition, participants simply performed the ideation task continuously for 16 

minutes. Ideation performance was then compared across the four groups in terms of 

novelty and fluency of ideas produced.  

In Study 3 (chapter 5), the influence of mood during incubation was examined within a 

more domain-general creativity setting. This study was conducted because the findings 

of study 2 indicated that the effects of incubation and mood on ideation performance 

may differ in design ideation as compared to domain-general creativity. In this study, 
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the incubation procedure employed was highly similar to that used in study 2, with the 

key difference that the creativity task was Finke and Slayton’s (1988) mental synthesis 

task, and participants were from a non-design background. 

Finally, in the general discussion chapter (chapter 6), the main findings across the three 

empirical studies are discussed. Reflection is given on the implications of the findings 

both regarding the role of mood during incubation, as well as the effects of incubation 

on the ideation process more generally. Some key findings observed across the studies 

that were not necessarily directly related to the issue of incubation are also discussed. 

Finally, limitations of the reported research are outlined in this section, as well as 

suggestions for future research on incubation and mood in a design setting. 
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2.1 Introduction 

It is a well-documented phenomenon that creativity can be facilitated by a period of 

incubation, whereby the problem is temporarily put aside and unrelated activities are 

performed. The concept of incubation was developed in the psychological literature on 

creativity following anecdotal accounts of creative geniuses such as Einstein, Poincaré 

and Newton who reported that many of their most novel and influential ideas came to 

them while they were not currently working on the problem (Ghiselin, 1952; Poincaré; 

1910; Wallas, 1926). Since then, empirical evidence for the ‘incubation effect’ has 

accumulated, with Sio and Ormerod's (2009) meta-analysis of 117 studies finding an 

overall positive influence of incubation across divergent and convergent thinking tasks. 

Despite receiving wide empirical support, it is important to highlight that incubation is 

by no means a straight-forward phenomenon. While in the minority, a considerable 

number of studies have found no evidence for the incubation effect (e.g. Carruthers, 

2016; Cardoso & Badke-Schaub, 2009; Dorfman, 1990; Lapteva et al., 2020; Olton, 

1979; Torrance-Perks, 1997). Conversely, others have observed a positive impact of 

incubation, but only under specific circumstances (Beck, 1979; Hao et al., 2014; Vul & 

Pashler, 2007). For instance, Vul and Pashler (2007) found that incubation was only 

beneficial if participants were initially fixated on the problem before taking a break. 

Accordingly, a number of reviews of the incubation literature have emphasised that 

specific methodological factors can influence the incubation effect, and simply giving 

participants a break is by no means guaranteed to enhance subsequent performance 

(Kaplan & Davidson, 1989; Sio & Ormerod, 2009). It is also important to highlight that 

most of the evidence for incubation comes from generic creativity and problem-solving 

tasks, and less is known about how effective it is in facilitating creativity in more 

applied, domain-specific contexts. 
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With regards to design ideation, which may be regarded as a form of domain-specific 

creativity, a number of perspectives have been put forth as to how incubation could 

facilitate this process. As discussed in section 1.2, incubation may provide a means of 

overcoming design fixation (Smith & Linsey, 2011), as well as an opportunity to 

encounter inspirational stimuli in the environment (Kolodner & Wills, 1996). 

tationsUnconscious task-related thought processes occurring during incubation may 

also contribute to the discovery of a solution (Chandrasekera et al., 2013). 

There is also a practical dimension to incubation research in a design context. In the 

psychology literature, many studies have observed incubation effects across short time 

periods (e.g. 30 seconds to 5 minutes; Gilhooly et al., 2012; Hao et al., 2014). The types 

of tasks and activities that have been shown to bring about incubation effects are also 

often highly accessible (e.g. watching videos, reading texts, problem solving exercises). 

This suggests that incubation has the potential to be implemented more formally as an 

efficient and convenient method for improving design ideation performance. Despite 

these considerations, the number of incubation studies conducted in a design setting is 

still relatively small, and there is a lack of knowledge regarding whether incubation 

impacts design ideation, as well as potential factors that might influence this process.  

2.2 Examining and measuring incubation effects 

In order to examine incubation in experimental settings, studies typically use a 

delayed-incubation paradigm which involves three phases: a) preparation phase during 

which participants carry out initial work on the problem, b) incubation phase: 

participants stop work on the main task and perform an unrelated task; and c) post-

incubation phase: participants return to the main task again. Performance can then be 

compared with a control group who perform the main task continuously, i.e. with no 

incubation period in between. However, some variants to the standard paradigm have 
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also been used. For example, some studies have used an immediate incubation 

paradigm, in which the experimental group receive the incubation period immediately 

after being presented with the problem, rather than after a period of preliminary work 

(Dijksterhuis & Meurs, 2006; Gilhooly et al., 2012). In addition, some studies have 

utilised a within-groups rather than between-groups paradigm, such that participants 

perform both incubation and control trials (Hao et al., 2015; Lapteva et al., 2020).  

In terms of measuring the incubation effect, there are a number of different dependent 

variables that may be used. For studies using convergent insight problems for which 

there is only one correct answer, incubation can be measured simply by analysing 

whether the number of problems correctly solved (and rate of problem solving) is 

improved in the incubation versus control condition (Kohn & Smith, 2009; Smith & 

Blankenship, 1991). By far the most common insight problem used is the Remote 

Associates Test (RAT; Mednick, 1962) in which participants are shown 3 cue words 

(e.g. cottage, swiss, cake) and asked to find a fourth word associated with each cue (i.e. 

cheese; Bowden and Jung-Beeman, 2003). In divergent thinking tasks, such as the 

Alternative Uses Task (AUT) which requires participants to generate unusual uses for 

everyday objects, incubation studies have typically measured incubation effects using 

fluency (number of ideas generated) and novelty (or originality) as the independent 

variables.  

In order to measure novelty, a common method involves having judges subjectively 

score each participants responses and then calculating an average score (e.g. Hao et al., 

2014; 2015). Alternative methods have also been used including calculating the 

average statistical frequency of participants responses (less frequent = more novel; 

Baird et al., 2012; Chiang & Chen, 2017) and having participants self-rate the novelty of 

their own concepts (e.g. Gilhooly et al., 2012). Finally, in design studies on incubation, 
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fluency and novelty are also used to measure incubation effects although some other 

measures may also be used such as usefulness (Al-Shorachi et al., 2015), feasibility (Al-

Shorachi et al., 2015; Tsenn et al., 2014), variety (Starkey et al., 2020; Vargas-

Hernandez et al., 2010) as well as levels of fixation before and after incubation 

(Cardoso & Badke-Schaub, 2009).  

2.3 Theories of incubation 

There is currently no consensus on what precisely causes an incubation effect, and as 

argued by Smith (2011), the phenomenon is likely caused by multiple factors. Many 

theories have been proposed to account for incubation and these can broadly be 

categorised into four different types. These will be discussed in more detail below but 

briefly they are: a) the Conscious Work Theory, which suggests that incubation results 

from intermittent conscious work occurring during the incubation period; b) 

Forgetting Fixation Theory, which argues that incubation serves to relieve fixation on 

the problem; c) Unconscious Work Theory, which proposes that the individual 

continues to solve the problem unconsciously during incubation and d) Opportunistic 

Assimilation, which holds that the individual encounters inspirational stimuli in the 

environment during incubation which aids subsequent problem solving. In the 

following literature review, each theory will be reviewed in more detail followed by a 

discussion of the evidence relevant to each theory. Studies will be reviewed from both 

the psychological literature on creativity as well as studies in the design cognition 

literature. It should be noted that the number of studies conducted on incubation in 

design is substantially less than in the psychological literature and this is reflected in 

the review.   
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2.4 Literature review of incubation  

2.4.1 Conscious Work Theory of incubation 

This is arguably the simplest explanation of the incubation effect and therefore merits 

little theoretical discussion. It makes the straightforward proposition that during 

incubation, participants continue to work on the main task rather than the incubation 

task (Weisberg, 2006) and as such, the incubation period merely affords the individual 

more time to generate solutions via conscious processing of the task. In daily life, Smith 

(2011) also suggests that people may engage in short bursts of conscious work on an 

unsolved problem during incubation. Though such episodes may be easily forgotten, 

they can accumulate over time and incrementally lead the individual to the discovery of 

a solution.  

2.4.1.1 Evidence for the Conscious Work theory of incubation 

Evidence for the Conscious Work theory of incubation is mixed. An early study by 

Browne and Cruse (1988) found support for the theory, showing that individuals 

performing a relaxing, low demand incubation task were more likely to successfully 

solve an insight task than those engaging in a high demand task during the incubation 

period. Importantly, the former group reported thinking about the insight task during 

incubation, which may have been responsible for their higher success.  

In another relevant study, Gallate et al. (2012) found that participants who were aware 

that they would return to the main task after an incubation period outperformed 

individuals who were not informed of this. On the surface, this would appear to support 

the Conscious Work theory in that participants in the aware condition may have been 

motivated to continue working on the task during incubation. On the other hand, both 

groups engaged in a cognitively demanding maths task during the incubation period 
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which would make conscious work on the main task difficult. In addition, both groups 

performed equally well on the maths task, further arguing against the Conscious Work 

theory. An alternative explanation offered by the authors was that participants’ 

awareness that they would return to the task meant that they continued to work on the 

problem unconsciously (see section 2.4.3).  

As noted by Gilhooly (2016), a methodological check can help confirm whether or not 

conscious work has taken place during experimental studies on incubation. This 

involves comparing cognitive performance of the incubation task with a control group 

performing the same task independent of the incubation paradigm. For example, the 

main experiment may involve participants performing a divergent thinking task, 

followed by an incubation period with an unrelated memory task, before returning to 

the divergent thinking task again. In order to confirm whether or not conscious work 

had taken place, the experiment should have an additional group of participants 

perform the memory task independently to allow for comparison with the incubation 

group. If the Conscious Work theory is correct, then the incubation group should show 

impaired performance relative to the independent group, since some if not all of their 

attention is assumed to be on the main task. Importantly, studies including this 

methodological check have not found evidence for the intermittent conscious work 

during incubation (Gilhooly et al., 2012; 2013; Hao et al., 2015).  

Overall, while the Conscious Work theory offers a straight-forward and logical 

explanation for incubation effects, there has been no consistent evidence in favour of 

this account. Nonetheless, studies should continue to include methodological checks 

where possible to confirm that conscious work has taken place. This may be 

particularly important for paradigms in which participants are aware they will return 

to the task following incubation.  
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2.4.2 Forgetting Fixation theory of incubation 

The Forgetting Fixation theory emphasises incubation as a process of forgetting, 

breaking down, or disengaging from contents that contribute to fixation during 

problem solving (Dodds et al., 2004; Smith & Blankenship, 1991). Fixation refers to a 

situation in which prior knowledge or existing ideas inhibit one’s ability to think 

creatively about a problem (Smith, 2003). The pervasive effects of prior knowledge 

have been demonstrated across a wide range of tasks and problem-solving contexts 

(Haager et al., 2014; Schultz & Searleman, 2002; Smith & Blankenship, 1991). A classic 

example of this is the mental set effect, i.e. the tendency to rigidly apply previously 

learned strategies to new problems even in situations where more simple and efficient 

strategies could be adopted (Luchins, 1942).  

In the design literature, the notion of ‘design fixation’ has received considerable 

attention and is often noted as a significant barrier to the generation of novel concepts. 

The term was first introduced by Jansson and Smith who defined it as “a blind, and 

sometimes counterproductive, adherence to a limited set of ideas in the design process” 

(Jansson & Smith, 1991, p.4). More recently, Crilly and Cardoso (2017) defined it as a 

“restricted exploration of the design space due to an unconscious bias resulting from 

prior experiences, knowledge or assumptions” (p.6).  

In the first experimental demonstration of design fixation, Jansson and Smith (1991) 

had design students carry out a range of ideation tasks and also presented some 

participants with examples of existing solutions designed to induce fixation. It was 

found that participants provided with example solutions repeatedly incorporated 

features from these examples in their own designs, often in ways that were 

inappropriate and that contradicted the design brief. Since this seminal study, a 

substantial number of experiments using similar paradigms have delineated a number 
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of factors influencing fixation levels, including the modality of provided examples (Chan 

et al., 2011), richness of examples (Cardoso & Badke-Schaub, 2011) as well as 

participants’ specific field of design (Purcell & Gero, 1996).  

In the design field, and in psychology more generally, incubation is often held to 

provide relief from fixation on a problem (Smith & Linsey, 2011; Tsenn et al., 2014), 

and there have even been some suggestions that incubation is only useful after a state 

of fixation has been reached (e.g. Vul & Pashler, 2007). With regards to how incubation 

relieves fixation, several explanations have been put forth. Smith (2011) argues that in 

the pre-incubation phase individuals may become fixated after ineffectively applying a 

learned mental set (i.e. sequence of cognitive operations), either because this set was 

used recently or in a similar context. He proposes that an incubation period may help 

the individual to break away from the fixating mental set, either by providing a new 

context which distracts the individual from that particular sequence of operations, or 

simply by allowing sufficient time to induce forgetting of the mental set.  

Another explanation holds that incubation may facilitate the forgetting of salient but 

misleading memory contents (Smith & Blankenship, 1991). It is a well-documented 

phenomenon in psychology that the retrieval of information in memory causes the 

forgetting of other memory contents (retrieval induced forgetting, Anderson et al., 

1994). Thus, information that is currently highly accessible in memory but that does 

not help solve the problem will consequentially block the retrieval of other information 

(including that which is relevant to the solution). Proponents of the inhibitory account 

of retrieval induced forgetting have argued that fixation can be overcome through the 

direct inhibition of misleading memory contents (Anderson et al., 1994; Storm & 

Angello, 2010; Storm & Levy, 2012) which allows previously blocked information to be 

accessed. However, it has also been proposed that fixation can be relieved simply by 
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taking an incubation period, which provides sufficient time for highly activated but 

misleading memory contents to be forgotten (Koppel & Storm, 2014; Smith & 

Blankenship, 1991). Upon returning to the task, the individual can then more easily 

access previously blocked information that is relevant to the solution.  

This explanation can be easily applied to standardised tests of creativity. For instance, 

in the RAT task time away from a given problem (e.g. Coin, Quick, Spoon) may weaken 

the accessibility of strongly activated close associates (e.g. Money, Fast, Fork), 

facilitating the retrieval of the less strongly activated target word (i.e. Silver). In design 

ideation, an incubation period may allow for the forgetting of structures and 

mechanisms relating to existing designs, enabling the generation of more novel 

solutions to the problem (Smith & Linsey, 2011).  

2.4.2.1 Evidence for the Forgetting Fixation theory of incubation 

Evidence for Forgetting Fixation theory in the psychology literature 

In the psychological literature, most of the evidence for the Forgetting Fixation account 

comes from studies showing that incubation can relieve experimentally induced 

fixation (Koppel & Storm, 2014; Smith & Blankenship, 1991; Vul & Pashler, 2007). In 

the first study to demonstrate this effect, Smith and Blankenship (1991) had 

participants carry out RAT problems whereby they were presented with three cue 

words (e.g. cottage, swiss, cake) and asked to find a fourth word associated with each 

cue (i.e. cheese). In some trials, participants were presented with misleading associates 

(e.g. house, knife, chocolate) designed to distract participants from the solution and 

induce fixation. It was observed that an incubation period (five minutes of story 

reading) facilitated subsequent RAT performance but only for trials with fixation-

inducing distractor words, which is consistent with the beneficial forgetting view that 

incubation specifically serves to alleviate fixation.  
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Furthermore, there is evidence to indicate that incubation helps break fixation 

specifically through the forgetting of highly accessible but irrelevant memory 

associates. As noted in the previous section, contents that are highly accessible in 

memory will block the retrieval of less accessible contents (i.e. retrieval induced 

forgetting), which may stifle creativity and cause fixation. Indeed, some studies have 

found that individuals who are more proficient in inhibiting irrelevant memory 

contents are also less likely to become fixated (Storm & Angello, 2010). Interestingly, 

Koppel and Storm (2014) found that when participants continuously (i.e. without 

incubation) worked on RAT problems with distractor words, their ability to inhibit 

irrelevant information (measured before the task) was positively associated with RAT 

performance. However, when participants were given an incubation period, memory 

inhibition and RAT performance were only correlated in the pre-incubation phase. In 

other words, participants were able to break fixation post-incubation irrespective of 

their ability to inhibit memory contents. This has been taken as evidence that 

incubation allows the individual time to forget irrelevant memory associates, since the 

need for inhibition in order to break fixation appeared to be unnecessary following an 

incubation period. 

Despite the empirical support for the theory outlined above, there are also a number of 

limitations with the evidence gathered from the psychology literature. Firstly, some 

studies using similar tasks/paradigms find incubation effects regardless of whether or 

not participants are fixated (e.g. Morrison et al., 2017), which casts doubt over the 

proposition that incubation benefits performance specifically by alleviating fixation. 

Secondly, most of evidence in favour of this account comes from studies using the RAT, 

which is problematic given that this measure has been criticised for its poor predictive 

validity with respect to predicting real life creativity (Beaty et al., 2014a; Lee et al., 

2014).  
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However, a study by Chiang and Chen (2017) did use fixation cues with a divergent 

thinking task (generating model names for a cell phone) and found that incubation 

facilitated performance when fixation cues were weak, but not strong. This provides 

only partial support for Forgetting Fixation theory, suggesting that incubation can 

relieve mild, but not strong, fixation on divergent thinking tasks. One important factor 

to consider here, however, is that the majority of incubation studies using a divergent 

thinking task appear not to have measured participants’ fixation levels and it is possible 

that fixation has played an important role in such studies, but that these have gone 

unnoticed by the researchers. Thus, it is important not to prematurely rule out a 

potential role for forgetting fixation in divergent thinking tasks.  

Evidence for Forgetting Fixation theory in the design literature 

 In the design literature, a handful of studies have also examined whether incubation 

can relieve design fixation, typically induced via exposure to example solutions. In one 

study, Cardoso and Badke-Schaub (2009) had two groups of industrial design students 

generate concepts for a device to allow people to pick up an ‘out of reach’ book from a 

shelf. One group was exposed to example solutions in pictorial form, the other in 

written form. In addition, both groups were given an incubation period half-way 

through idea generation in which an unrelated task was carried out. In addition to the 

two experimental groups, a third group of design students (control group) were not 

presented with example solutions, nor were they given an incubation period.  

As expected, the two experimental groups had a greater tendency to incorporate 

features of the example solutions into their ideas compared to the control group, 

suggesting that fixation had been successfully induced. Importantly, however, 

incubation did not appear to be effective in reducing this effect, as the experimental 

groups exhibited a similar level of fixation before and after the incubation period. 
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These findings run contrary to the Forgetting Fixation theory, which would predict 

reduced fixation following an incubation period. Note, however, that this study did not 

include a continuously performing control group who were also exposed to fixating 

stimuli, thus the overall impact of incubation on fixation is not clear here. It might be 

the case, for instance, that incubation does relieve induced fixation relative to a 

continuously performing control group. Another limitation of this study, acknowledged 

by the authors, is that it used a small sample size (eight participants per group) which 

limits the generalisability of the findings.  

In another study, Tsenn et al. (2014) had a group of mechanical engineers perform an 

ideation task (with example solutions) over two sessions separated by a long 

incubation period (two days). Following incubation, participants were found to borrow 

significantly less features from the provided examples compared with the first ideation 

phase, showing some support for the Forgetting Fixation hypothesis. Further 

examining the effects of incubation, Tsenn et al. (2014) then compared ideation 

performance of the incubation group with a control group and found that the 

incubation group generated higher fluency, but lower quality and novelty ideas. While 

this argues against the facilitative effects of incubation, there are again some limiting 

factors to be considered. Firstly, the incubation group were presented with an example 

solution to the task, whereas the control group were not. Therefore, it is possible that 

the control group may have exhibited higher performance due to the absence of fixating 

stimuli. In addition to this, the authors also highlight, there are several other 

differences between the incubation and control group which limit making a direct 

comparison, such as the overall idea generation time (control = 120 minutes, 

incubation = 100 minutes), and the number of participants in each group (control = 23, 

incubation = 18). 
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Finally, a few design studies have not explicitly examined the Forgetting Fixation 

theory of incubation, but have examined whether incubation results in increased 

variety, i.e. amount of solution space explored (Shah et al., 2003a). This is relevant since 

design fixation is held to involve a limited exploration of the solution space (Crilly & 

Cardoso, 2017). In one study, Vargas-Hernandez et al. (2010) compared ideation 

performance between an incubation group (who were given a three day interval 

halfway through the task) and a continuously performing control group. 

The incubation group were found to show greater variety than the control group, which 

might suggest that incubation reduced fixation (e.g., on existing solutions and/or 

previously generated ideas) and allowed more of the problem space to be explored. A 

caveat to this explanation is that Vargas-Hernandez et al. (2010) used a long incubation 

period and there are potentially many other factors that could have played a role here, 

such as participants engaging in conscious or unconscious work during the incubation 

period, or spontaneously encountering inspirational stimuli in the environment. 

Indeed, Vargas-Hernandez et al. (2010) also found incubation to benefit several other 

aspects of ideation performance including quality and novelty, which may further 

support the view that there were a multitude of factors at play here. 

 In a final study by Starkey et al. (2020) engineering design students engaged in two 20-

minute ideations sessions separated by a 15-minute incubation period. During 

incubation, one group of participants performed a product dissection task (i.e. taking 

apart and inspecting virtual models of products), an activity which has previously been 

found to increase design novelty (Toh & Miller, 2013). Another group were simply 

required to complete a personality questionnaire, an activity which has been used as a 

non-demanding incubation task in previous research (Ellwood et al., 2009).  
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The results found that both groups showed an increase in variety of solutions 

generated after the incubation period (as compared with before), and this effect did not 

appear to be influenced by incubation task type. Consistent with the Forgetting Fixation 

theory, this may suggest that the incubation period mitigated the effects of initial task 

fixation and allowed participants to subsequently generate a broader and more diverse 

range of solutions. However, an important caveat is that this study did not have a 

control group continuously work on the task without incubation. Therefore, it cannot 

be ruled out that participants in this study showed increased variety during the second 

phase simply because of a tendency to explore more solution space over time. Such an 

interpretation would be consistent with the ‘serial-order effect’, which refers to the fact 

that people tend to become more creative with increasing time on task (Beaty & Silvia, 

2012; Christensen et al., 1957).  

In sum, evidence for the Forgetting Fixation theory in a design context is mixed. While 

there is some evidence that incubation can reduce example-induced fixation, other 

research has found no such effect. Note that several studies have shown that incubation 

can increase variety, which may be considered indirect evidence that incubation can 

help relieve design fixation. Overall, there is a need for more well-controlled studies in 

this area before firm conclusions can be drawn. 

2.4.3 Unconscious Work theory of incubation  

The Unconscious Work theory is the oldest of the main incubation theories and makes 

the proposition that processing of the task continues during the incubation period in 

the form of unconscious work. The idea of unconscious work during incubation 

featured in Wallas’ original model of the creative process (see section 1.2 for an 

overview) and has been included in many subsequent perspectives on incubation 
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(Campbell, 1960; Dijksterhuis & Nordgren, 2006; Gilhooly, 2016; Hélie & Sun, 2010; 

Ritter & Dijksterhuis, 2014).  

 While the notion of unconscious work may be deemed as mysterious or obscure, in fact 

the existence of unconscious processing during cognitive tasks is a well-documented 

phenomenon in psychology. As pointed out by Ritter and Dijksterhuis (2014), there is 

extensive evidence that a range of higher order processes including inhibition, working 

memory, conflict resolution and error detection can take place unconsciously (see 

Hassin, 2013 for a review), and thus it is reasonable to propose that cognitive processes 

contributing to creativity may also operate unconsciously (Ritter & Dijksterhuis, 2014).  

Most perspectives within the unconscious work theory have assumed that unconscious 

processing is diffuse and associative in nature (Dijksterhuis & Nordgren, 2006; 

Gilhooly, 2016; Hélie & Sun, 2010; Ritter & Dijksterhuis, 2014; Wallas, 1926). A number 

of accounts (e.g. Gilhooly, 2016; Yaniv & Meyer, 1986) have placed emphasis on 

spreading activation during incubation, such that activation spreads through semantic 

networks without conscious guidance (e.g. ‘beach’ activates ‘sand’, which activates 

‘time’). The activation of increasingly remote associates will thereby increase the 

likelihood that more novel combinations can be generated by the individual, including 

ones which would not have been considered on the basis of the preliminary conscious 

work alone.  

Aside from incubation, semantic spreading activation has been used to account for a 

wide range of psychological phenomena including semantic priming effects, whereby 

one is more likely to respond faster to a concept if they have previously been presented 

with another concept from the same semantic category (Collins & Loftus, 1975). As 

argued by Sio and Ormerod (2015), although spreading activation has traditionally 

been assumed to have short-lived effects, there is also evidence of spreading over more 
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extended time periods, such as in the case of long-term semantic priming (e.g. Tse & 

Neely, 2007). Thus, semantic spreading remains a potential explanation for 

unconscious processing even over long incubation periods (Sio & Ormerod, 2015). 

The notion of implicit, unconscious associative thought has also been incorporated into 

several dual-process models of incubation (e.g. Dijksterhuis & Nordgren, 2006; Hélie & 

Sun, 2010). For instance, in Dijksterhuis and Nordgren's (2006) Unconscious-Thought 

theory, it is argued that conscious thought is convergent (i.e. focused, deliberative), 

whereas unconscious thought is divergent (i.e. diffuse, associative). It is this 

characteristic of increased divergence that is proposed to underlie incubation effects, 

since the unconscious is capable of generating more unique and unusual associations as 

compared with consciousness, which can only focus on a limited range of information 

at any given time. Indeed, in a series of experiments, Dijksterhuis and Nordgren (2006) 

found that compared with task-related conscious thought, unconscious thought lead to 

the subsequent generation of more unusual answers on a category fluency task (i.e. 

generate Dutch place names), as well as more novel responses on the alternative uses 

task (i.e. generate unusual uses for a brick).  

In terms of design perspectives on the role of unconscious processing during the 

incubation period, relatively little has been written about in this regard. In general, 

there is good reason to suppose that unconscious processing plays an important part of 

the ideation process. The importance of insight in design creativity, or what some 

theorists have termed “sudden moments of inspiration” is well documented in the 

literature (Chandrasekera et al., 2013). Since designers often report that they had little 

awareness of where such inspiration came from (e.g. Dorst & Cross, 2001), it is 

reasonable to assume that unconscious processes play a role in this.  
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Likewise, several theorists (Badke-Schaub & Eris, 2014; Cross, 1999) have recognised 

that design ideation involves a significant degree of “intuition” and “unconscious and 

mainly inaccessible processes that allow the designer to make quick and often 

effective decisions without building on explicit rationale” (Badke-Schaub & Eris, 

2014, p. 353). Finally, recent work has aimed to establish a dual process model of 

design ideation (Goncalves & Cash, 2021), highlighting that ideation involves the 

interplay of type 1 (i.e. implicit, unconscious) and type 2 (i.e. effortful, deliberate) 

processes. An example of the former may be rapid, associative idea generation (e.g. 

intuitively retrieving a concept from memory with little conscious thought), whereas 

an example of the latter may be deliberate engagement in problem re-framing (e.g. as 

an attempt to ‘break free’ from the influence of initially generated concepts; 

Goncalves & Cash, 2021).  

The above perspectives emphasise the importance of unconscious processing in 

design ideation though do not make specific reference to incubation in facilitating 

this. In a few cases, design researchers have suggested a role for unconscious 

processes during incubation (e.g. Chandrasekera et al., 2013; Tsenn et al., 2014), 

though no precise predictions have been made with regards to the nature of such 

processes. In light of the evidence that design ideation and domain general creativity 

draw on similar cognitive and neural processes (Hay et al., 2017b; 2019a), it can be 

hypothesised that unconscious processes have similar properties across both 

domains, i.e. associative, implicit, and divergent.  

2.4.3.1 Evidence for the Unconscious Work theory of incubation 

Evidence for the Unconscious Work theory in the psychology literature 

Although the Unconscious Work theory may be the oldest of all incubation theories, it is 

only in recent years that evidence in its favour has begun to accumulate. One 
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interesting line of evidence concerns the similarity effect, which is the finding that 

incubation tasks that are similar to the main task result in weaker incubation effects 

(Ellwood et al., 2009; Gilhooly et al., 2013). For instance, Gilhooly et al. (2013) found 

that verbal creativity, as assessed by fluency and creativity of AUT responses, benefited 

more positively from a spatial interpolated task as compared with a verbal interpolated 

task. However, when the main creativity task was spatial (mental synthesis) the 

opposite effect occurred, i.e. a verbal incubation task was found to be more effective. 

The Unconscious Work theory can account for such an effect by arguing that similar 

incubation tasks interfere with cognitive resources which would be otherwise directed 

towards solving the main task. By contrast, the beneficial forgetting account would 

predict that similar incubation tasks are conducive to subsequent performance through 

their interference with existing mental sets and misleading assumptions developed 

before the incubation (Gilhooly, 2016).  

Another paradigm that has been particularly useful is the immediate incubation 

paradigm, which is a variant of the classic delayed-incubation paradigm. In the classic 

paradigm, participants undergo an incubation period after a period of preliminary 

conscious work. In the immediate incubation paradigm, participants receive the 

incubation period immediately after being presented with the problem, with conscious 

work then taking place after the immediate incubation period. Studies have shown that 

an immediate incubation period has a beneficial impact on subsequent creative 

performance in both divergent thinking (Dijksterhuis & Nordgren, 2006; Gilhooly et al., 

2012) and convergent thinking tasks (Dijksterhuis & Nordgren, 2006). The Forgetting 

Fixation theory argues that incubation facilitates creativity by providing an opportunity 

to forget unhelpful or misleading information that has become activated during initial 

attempts at problem solving. However, in the case of immediate incubation, such an 

explanation is not viable since there is no initial problem-solving phase. Thus, the 
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Unconscious Work theory has been invoked as an alternative explanation for these 

findings (Gilhooly et al., 2012).  

In terms of the nature of unconscious work during incubation, researchers have also set 

out to explore the notion that this takes the form of unconscious, associative processes. 

That unconscious work operates in this way was initially inferred from meta-analytical 

findings showing that easy incubation tasks tend to elicit stronger incubation effects 

than difficult tasks (Sio & Ormerod, 2009). On this basis it was reasoned that easier 

tasks may foster a diffuse, associative mode of thought which allows unconscious 

processing to continue during incubation (Sio & Ormerod, 2009; 2015).  

More direct evidence has been obtained from studies using tasks which actively 

stimulate remote associative processes during incubation. For example, Baird et al. 

(2012) found that an incubation task designed to elicit mind wandering resulted in a 

significantly stronger incubation effect (compared with a non-wandering task). Since 

mind-wandering has been shown to foster a diffuse, associative mode of thought 

(Smallwood et al., 2003), engaging in this during the incubation period may facilitate 

unconscious associative processes and aid subsequent creative performance. A further 

study by Hao et al. (2014) examined the influence of a wide variety of tasks during the 

incubation period and found that the most effective incubation tasks were those which 

stimulated semantic spreading activation, such as solving word puzzles, and reflecting 

on previously generated ideas.  

Another interesting study carried out by Hao et al. (2015) is particularly relevant to 

this thesis since it concerns the role of mood during incubation. In this study Hao et al. 

(2015) examined the impact of three different emotion inductions (positive, negative, 

neutral) during a brief incubation interval (30 seconds) on subsequent divergent 

thinking performance. While a general incubation effect was observed such that the 
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three incubation groups outperformed a continuously working control group, response 

novelty was found to be highest following the positive emotion induction. In light of the 

evidence that positive moods facilitate remote associative processes (Friedman & 

Förster, 2010; Storbeck & Clore, 2008), the authors suggested this evidence provided 

evidence in favour of the Unconscious Work hypothesis.  

Finally, a number of studies have also suggested that unconscious processing is 

involved in convergent insight problems such as the RAT (Cai et al., 2009; Leszczynski 

et al., 2017; Morrison et al., 2017; Zhang et al., 2019). As discussed, this task is 

commonly used as evidence for the Forgetting Fixation theory in light of the evidence 

that incubation tends to selectively improve performance on RAT trials that were 

previously fixated (Smith & Blankenship, 1991; Vul & Pashler, 2007). Casting some 

doubt on this interpretation, however, Morrison et al. (2017) observed that an 

incubation period facilitated RAT problems regardless of participants’ level of fixation. 

In addition, participants reported a stronger feeling of insight (‘aha’ experience) when 

problems were solved following an incubation period rather than during continuous 

problem solving. Given that insight has been linked to unconscious semantic 

integration (Jung-Beeman et al., 2004; Kounios et al., 2008), the authors suggested that 

incubation on RAT problems involves a switch to unconscious associative processes 

which allows one to make connections between semantically distant concepts.  

There is other evidence that is consistent with the above interpretation. For instance, a 

study by Cai et al. (2009) found that previously unsolved RAT problems were facilitated 

by a period of REM sleep, a process which is thought to enhance the formation of 

associative networks and semantic integration processes (Ritter & Dijksterhuis, 2014). 

In addition, Leszczynski et al. (2017) found that increased levels of mind wandering 

during incubation were associated with subsequent enhanced performance of the RAT 
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task. As discussed, mind wandering has previously been linked with unconscious 

semantic spreading activation during the incubation period (Baird et al., 2012). Overall, 

these studies suggest that convergent thinking, like divergent thinking, may benefit 

from unconscious processes occurring during incubation. 

 Evidence for the Unconscious Work theory in the design literature 

In the design literature, very few studies have been conducted that are suitable tests for 

the Unconscious Work theory. One contributing factor to this is that several studies 

have used long and unsupervised incubation periods (Moreno et al., 2016; Tsenn et al., 

2014; Vargas-Hernandez et al., 2010) which render it difficult to demonstrate any 

potential mechanisms that may be operating during the incubation period. However, 

one well-controlled study may provide some support for the Unconscious Work theory 

of incubation. In a sample of industrial design students, Al-Shorachi et al. (2015) 

examined the effects of two types of incubation task on subsequent ideation 

performance, assessed using a range of performance metrics including fluency, 

originality, feasibility, usefulness and overall creativity (a broad measure encompassing 

the average of scores across all other metrics). The results revealed that, compared to a 

continuously performing control group, only the maths task was found to induce 

incubation effects - specifically in terms of fluency and creativity. However, the authors 

also noted that participants performing the storytelling task showed significantly 

greater originality after, as compared to before, the incubation period. 

The results of this study may be seen to support the Unconscious Work theory of 

incubation two main ways. Firstly, participants were not informed that following the 

incubation period they would return to the ideation task, suggesting that any task 

related thought occurring during incubation would likely have been unconscious. 

Secondly, with specific regards to the storytelling task, this exercise involved 
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combining random images to make stories and arguably could have stimulated 

unconscious remote associative processes during incubation. This would be one 

explanation for why the storytelling task appeared to be particularly effective in 

stimulating subsequent originality, as studies in the psychology literature using 

associative, low-demand incubation tasks (e.g. mind-wandering) have observed similar 

effects (Baird et al., 2012; Hao et al., 2014). 

2.4.4 Opportunistic Assimilation theory 

The theories reviewed thus far have all explained incubation effects in terms of internal 

cognitive processes, such as forgetting mental sets or unconscious processing of the 

task. However, another perspective is that the effect arises from the problem solver 

having serendipitous encounters with inspiration stimuli in the environment during 

incubation. This theory was proposed by Seifert et al. (1995) who argued that initial 

problem-solving attempts ending in impasse (or fixation) result in the formation of 

failure indices, i.e. partial representations of the problem stored in memory which 

remain primed to receive new information. During incubation, encounters with objects 

or events relevant to the problem trigger failure indices, allowing the new information 

to be integrated with the existing problem representation. This process of integration 

may occur through direct assimilation (e.g. like adding a missing jigsaw piece), or 

through a complete re-configuration of the problem representation. In either case, 

integration with the new information is hypothesised to increase the individual’s 

chance of success in subsequent problem-solving (Seifert et al., 1995).  

Similar to the Forgetting Fixation account, the Opportunistic Assimilation theory 

assumes that incubation effects will only be observed after a period of considerable 

initial conscious work culminating in fixation. If fixation is not reached, a stable 
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problem representation (i.e. failure indices) will not be formulated and the individual 

will not be primed to receive new information from the environment. The notion that 

fixation serves to reinforce one’s memory representation of the problem is supported 

by the empirical observation that peoples’ recall tends to be higher for unsolved versus 

solved problems (Zeigarnik, 1927). It is argued that this heightened level of 

accessibility for fixated problems increases the likelihood that external cues will be 

noticed by the solver and assimilated with the existing problem representation. As 

argued by Smith (2011), the theory can also be considered a variant of the Unconscious 

Work theory, in that during incubation, failure indices remain just below the level of 

consciousness and remain so until they are triggered by the chance encounter with 

external stimuli. After this, conscious work on the problem resumes, whereby the new 

information is consciously assimilated with the existing problem representation and 

aids in the generation of a novel solution.  

The theory of Opportunistic Assimilation has important implications for design, in 

which the role of external stimuli is held to have substantial importance (Cardoso & 

Badke-Schaub, 2011; Gonçalves et al., 2016; Goucher-Lambert et al., 2019). There is 

much anecdotal evidence that designers opportunistically draw inspiration from the 

environment, either by habitually collecting sources that may be relevant in the future 

(Eckert & Stacey, 2003), or through spontaneous encounters with stimuli that are 

relevant to a problem at hand (Keller et al., 2006). Drawing inspiration from the 

environment may be of particular importance at the early stages of design ideation in 

which design requirements are ill-structured and/or poorly defined (Gonçalves et al., 

2016). In terms of empirical evidence, numerous studies have explored the influence of 

external stimuli on the ideation process. Much of this has focused on the role of visual 

stimuli (Cardoso & Badke-Schaub, 2011; Casakin & Goldschmidt, 2000; Goldschmidt & 

Smolkov, 2006), given the widely assumed prominence of the visual modality in design, 
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although evidence for the positive impact of non-visual stimuli has also been noted 

(Goldschmidt & Sever, 2011). The findings of such studies tend to show that designers 

are more creative when performing in environments rich with stimuli (e.g. sketches, 

images, texts, web databases) compared with stimuli-deprived environments. 

Furthermore, there is evidence that stimuli distantly related to the problem are more 

beneficial than closely related stimuli (Dahl & Moreau, 2002; Wilson et al., 2010), which 

is related to the notion that stimuli in the form of existing solutions to the problem 

stifles creativity and causes fixation.  

While such empirical research has examined the role of external stimuli during active 

work on the problem, it is plausible to assume that designers also derive inspiration 

from the environment even when conscious work on the task is suspended, as would be 

predicted by the Opportunistic Assimilation theory. Indeed, several theoretical 

perspectives within the design literature have been developed which are closely 

related to this account. Gonçalves et al. (2016), for example, highlight the importance of 

passive search in design, i.e. “random encounters with relevant stimuli, which are 

consciously integrated into the design process” (p. 310). Additionally, the concept of 

open goal, though initially applied to simple problems in the psychology literature 

(Moss et al., 2007), has also been influential in a design context (Smith et al., 2011; 

Tseng et al., 2008). Open goal is defined as a “goal which has been set but for which the 

associated task has not been complete” (Moss et al., 2007, p. 876). The state of having 

an open goal is held to prime one into a state of readiness to receive relevant external 

cues, and so is highly related to the notion of failure indices within Opportunistic 

Assimilation theory.  

In another account, Kolodner and Wills (1996) introduce the concept of ‘serendipitous 

recognition’, whereby random external stimuli (including objects, functions, 



Chapter 2. Literature Review of Incubation Research 

49 
 

behaviours) are encountered and recognised as potential solution to an incubating 

problem. Kolodner and Wills (1996) highlight two key cyclical and interactive phases 

that the designer progresses through during the early stages of ideation, which are 

preparation and assimilation. During preparation, the problem is defined, explored and 

elaborated which serves to highlight key properties to look for in potential solutions. 

This process may refine subsequent search for inspirational material and prevent the 

designer from being overwhelmed by the volume of stimuli present in the environment. 

This stage can also be likened to the formulation of failure indices in Opportunistic 

Assimilation theory which guide subsequent searching for the solution. In the next 

stage of the model, problem assimilation, a number of candidate solutions are then 

explored, evaluated and compared based on the criteria identified in the preparation 

stage. Crucially, some of these solutions may have been discovered by chance during 

the performance of other activities, i.e. through serendipitous recognition. 

2.4.4.1 Evidence for Opportunistic Assimilation theory 

Evidence Opportunistic Assimilation theory in the psychology literature 

Early studies examining the role of clues during incubation were generally 

unsupportive of the Opportunistic Assimilation theory. Several studies found that 

visual cues during incubation did aid performance, though the same studies also found 

that visual cues were helpful when presented at any time during the experiment, 

without any additional advantage of incubation (Dominowski & Jenrick, 1972; Mednick 

et al., 1964). Subequently, a number of studies have suggested that cues can be useful 

during incubation but only if participants are instructed to use them (Dodds et al., 

2002; Smith et al., 2012). This does not provide full support for the Opportunistic 

Assimilation theory, which suggests individuals utilise cues automatically during 

incubation, without explicit instruction.  
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Other studies in the psychology literature have observed effects more consistent with 

the notion of Opportunistic Assimilation though only under particular circumstances. 

For instance, Moss et al. (2011) found that insight problems were facilitated by cues 

during incubation if participants temporarily suspended problems right at the point of 

reaching impasse. Cues were not effective if participants suspended problems before 

reaching impasse (consistent with Opportunistic Assimilation), and also if they 

continued working beyond impasse before taking a break. Accounting for the latter 

effect, the authors suggested this was because working beyond impasse serves to 

reinforce a fixated mindset to such an extent that subsequent cues are no longer 

sufficient to break out of this.  

Additionally, there is also evidence that the influence of cues is moderated by both 

main task and incubation task difficulty. Sio and Ormerod (2015) found successful cue 

assimilation during difficult RAT problems was higher when interrupted by a low-

demand incubation task. However, when RAT problems were easy, a high-demanding 

incubation task was more conducive to cue assimilation. The authors proposed that this 

interaction reflects the different strategies that may be used for hard versus easy RAT 

problems. For difficult RAT problems, in which words and their target are more 

semantically distant, a broad, diffuse attentional style may be adopted. A task requiring 

less cognitive resources may allow this strategy to continue during incubation, thus 

allowing cue assimilation to take place. On the other hand, easy RAT’s may benefit from 

a narrower and more focused approach since less remote association processes are 

required. During incubation, a more cognitively demanding task may help participants 

to maintain this attentional state and make them more susceptible to relevant cues.  

In sum, it can be concluded that there is some supporting evidence for the 

Opportunistic Assimilation theory in the psychology literature though this has only 
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been observed specific circumstances. It might be noted that tests of the theory are 

currently limited to somewhat contrived settings (such as RAT problems followed by 

an incubation task with cue words included) and this may have little resemblance to 

cue assimilation as it occurs in real life, where encounters with stimuli are likely far less 

structured and more natural. A further problem is that, as with the Forgetting Fixation 

hypothesis, the majority of studies testing the Opportunistic Assimilation theory are 

disproportionately focused on convergent thinking tasks.  

Evidence for Opportunistic Assimilation theory in the design literature 

In the design literature, some support for the Opportunistic Assimilation theory may be 

found in studies that have examined the role of timing in the presentation of external 

stimuli. As discussed in section 2.4.4, much research has investigated the impact of 

different types of external stimuli (e.g. images, texts) on ideation. In addition to this, 

research has also explored whether there is an optimum time at which the designer 

should be exposed to external stimuli. A number of studies have shown that external 

stimuli are more beneficial for performance if presented during ideation rather than at 

the start (see Vasconcelos & Crilly, 2016; for a review). In one study, Perttula and 

Liikkanen (2006) found that designers produced a more diverse range of solutions 

when presented half-way through ideation (compared to at the outset). Further 

evidence has indicated that stimuli may be most beneficial for novel idea generation 

when designers are aware they are fixated and request to see external stimuli, as 

opposed to receiving this at fixed intervals (Siangliulue et al., 2015). The findings of 

these two studies are consistent with the Opportunistic Assimilation theory’s proposal 

that a period of preliminary work is necessary before one can take full advantage of 

environmental cues. However, it is important to emphasise that they were not 

incubation studies since participants remained engaged in ideation when the stimuli 
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were presented. In addition, Siangliulue et al.’s (2015) findings argue against the notion 

that optimal cue assimilation occurs spontaneously and automatically, since 

participants who explicitly requested to see the stimuli appeared to benefit most. 

More convincing evidence for Opportunistic Assimilation can be found in the literature 

on analogical reasoning in design. Analogical reasoning involves mapping information 

from one situation (source) to another (target) on the basis of relationships existing 

between the two (Gentner, 1983; Moreno et al., 2014). It is well-known that designers 

often draw on analogous situations in order to generate novel and innovative ideas 

(Casakin & Goldschmidt, 1999; Christensen & Schunn, 2007). There are many classic 

examples of this including the Hubble space telescope repair, which was based on an 

analogy with an extendable shower head and Velcro, inspired by the structural 

properties of the burr plant (Smith et al., 2011). In addition, many design tools such as 

Design-by-Analogy (McAdams & Wood, 2002) and WordTree (Linsey et al., 2009; 

Linsey et al., 2008) also aim to support designers identifying and utilising analogies in 

order to solve design problems.  

Despite the utility of analogies, it is well known that people generally have difficulty 

recognising and using information that is analogically related to the problem at hand. 

As such, evidence in the design literature (and in psychology more generally) has 

demonstrated that the use of analogies is facilitated if participants work on the target 

problem for a period of time and are then subsequently exposed to the source analogy 

during an incubation period (Christensen & Schunn, 2005; Keane, 1985; Moss & Cagan, 

2007; Tseng et al., 2008)). In one study demonstrating this effect, Tseng et al. (2008) 

had mechanical engineering students perform a concept generation task accompanied 

by stimuli that were not closely related to the problem at hand. When the stimuli were 

presented at the outset, participants did not appear to be influenced by the stimuli. 



Chapter 2. Literature Review of Incubation Research 

53 
 

However, when this was presented during an incubation period, participants were 

much more likely to draw analogies from them, resulting in the generation of more 

novel solutions. The authors took this as support for the notion that a period of 

preliminary work allows one to construct an open goal (see section 2.4.4), i.e. an 

unfulfilled problem-solving goal that primes one to draw inspiration from 

environmental cues (Moss & Cagan, 2007). The findings may also be taken as support 

for Opportunistic Assimilation theory, which similarly proposes that initial attempts at 

problem solving are required for the individual to take full advantage of stimuli 

encountered during the incubation period.  

2.5 Conclusion 

From the evidence reviewed it is clear that incubation can facilitate novel idea 

generation and creative problem solving. In the psychology literature, this applies to 

convergent insight problem solving as well as open-ended divergent thinking tasks. In 

the design literature, fewer incubation studies have been conducted, although some of 

the existing work suggests that incubation may be a useful tool for overcoming fixation 

(e.g. Tsenn et al., 2014) as well as a means of enhancing novelty (Al-Shorachi et al., 

2015; Vargas-Hernandez et al., 2010) and variety (Starkey et al., 2020; (Vargas-

Hernandez et al., 2010). In addition, there is some evidence to suggest that incubation 

can facilitate encounters with inspirational stimuli in the environment, which is also 

beneficial to subsequent to creativity (Tseng et al., 2008). It should be noted, however, 

that some findings have been less supportive of incubation as a means of enhancing 

design ideation (e.g. Cardoso & Badke-Schaub, 2009; Tsenn et al., 2014). For example, 

Tsenn et al. (2014) found that an incubation group generated ideas of lower novelty 

and quality than a continuously performing control group. Such findings highlight the 

need for further research to investigate the utility of incubation in a design context. 
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 The main theories of incubation and associated empirical research suggests that there 

at least three key ways in which incubation may facilitate ideation. Firstly, in line with 

Forgetting Fixation theory, incubation may provide relief from fixation by allowing the 

individual time to forget existing solutions to the problem as well as an opportunity to 

break away from ineffective and misleading strategies (Smith & Linsey, 2011). While it 

is true that some of the studies reviewed here found no evidence that incubation can 

relieve design fixation, it should be noted that these had important methodological 

limitations relating to small sample size and lack of appropriate control groups. It is 

important for further studies examining the positive impact of incubation on design 

fixation to address these limitations.  

Secondly, incubation may provide designers an opportunity to encounter inspirational 

stimuli in the environment. The role of environmental stimuli is held to have 

substantial influence in design and may be particularly important at the early stages 

when the problem is ill-defined (Gonçalves et al., 2016). Much of the evidence reviewed 

here indicates that participants are most receptive to external stimuli after a period of 

preliminary work (Perttula & Liikkanen, 2006; Tseng et al., 2008), suggesting that 

incubation may be an opportune time period to seek out inspiration in the 

environment. This could take a number of forms including active search during 

incubation, whereby the designer actively seeks out stimuli through various sources 

(databases, webpages, books etc.), or passive search over a more extended incubation 

period, whereby the designer completely puts the problem aside with the aim of 

encountering stimuli more spontaneously (Goncalves et al., 2016).  

Thirdly, incubation may be used as an opportunity to stimulate unconscious processing 

of the task which then improves the novelty of subsequently generated ideas. In the 

existing design literature, the role of unconscious processes during incubation has 
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received little attention, with Al-Shorachi et al.’s (2015) study on industrial design 

students perhaps the only evidence for such processes. However, the wider psychology 

literature indicates that this may be a highly effective way to enhance ideation.  

There are a number of possible ways to explore the role of unconscious processes 

during incubation in a design setting. Many of the tasks used to stimulate unconscious 

process during incubation in the psychology literature (e.g. mind wandering, word 

puzzles) have been straightforward and would be easy to implement in a design 

setting. Additionally, an immediate incubation paradigm, which is also thought to 

involve unconscious processes, could easily be utilised in a design context, i.e. by giving 

participants an incubation period immediately after seeing the design brief.   

An alternative approach, which will be examined in this thesis, is to investigate the 

impact of a positive mood induction during incubation on subsequent ideation. As 

indicated by the review, there is evidence that a positive mood induction during the 

incubation period can stimulate remote associative processes during incubation and 

improve subsequent divergent thinking (Hao et al., 2015), but it is not clear whether 

similar effects could be observed in a design context. For a full explanation of the 

rationale for exploring mood during incubation in a design context, the reader is 

referred to chapter 1 (section 1.4). 

Before concluding this review, there are a number of limitations with the existing 

incubation research to be discussed. In the design literature, these have already been 

highlighted and include a) small sample sizes, b) lack of appropriate control group and 

c) use of long, unsupervised incubation periods. On the latter point, the use of long 

incubation periods is not necessarily a limitation and indeed, may more closely reflect 

incubation periods as they occur in real life. However, studies employing long 

incubation periods (e.g. 2 days) that cannot be supervised by the researcher make it 
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highly difficult to determine what activities the designer performed and whether these 

had any influence on the results. Therefore, researchers using long incubation periods 

may wish to use additional methods to account for the activities participants performed 

during the interval, such as requiring participants to keep a journal of their activity 

during incubation, which may help identify factors that influence subsequent 

performance.  

In the psychology literature, there are also several limitations with the existing 

research. A significant problem that needs to be addressed is a lack of heterogeneity 

across types of creativity task used to test each respective theory. This is a particularly 

salient problem with regards to the Forgetting Fixation account and Opportunistic 

Assimilation accounts, which have generally been examined with convergent problems 

(most commonly the RAT). This is an issue because firstly, creativity is thought to rely 

on a combination of both convergent and divergent processes (Dietrich, 2019), thus the 

effects of incubation should be examined with respect to both task types. Furthermore, 

many questions have been raised with regards to the validity of the RAT and its 

relationship to real life creativity. Beaty et al. (2014a) for example, found that 

performance on insight tasks predicted neither creative achievement nor every day 

creative behaviour.  

For the above reasons, more studies should aim to test the Forgetting Fixation and 

Opportunistic Assimilation theories using more open-ended tasks. This raises the 

interesting question of how these respective theories could be examined with a 

divergent thinking task. The Forgetting Fixation account could be examined using the 

alternative uses task e.g. by concurrently presenting a list of commonly known uses for 

the object to induce fixation (see George & Wiley, 2020). It could then be examined 

whether or not an incubation period reduces this effect. As discussed, an existing study 
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has used a similar approach already (Chiang & Chen, 2017) although the task used is 

not a validated measure of creativity. With regards to the Opportunistic Assimilation 

theory, one could present images of common objects carrying out unusual functions 

during incubation in order to provide inspiration.  

A more general criticism of the existing incubation literature in psychology is that 

studies have mainly focused on the use of verbal creativity tasks with less focus on 

other forms of creativity, such as visual creativity. This was highlighted in Sio and 

Ormerod’s (2009) meta-analysis of incubation studies and remains a salient issue in 

the literature. Related to this, there is also a need to move beyond standardised 

creativity tasks and also examine incubation using tasks that reflect applied, domain-

specific creativity. To some extent, this issue is being addressed by the growing number 

of studies examining incubation in the design field. However, there are still many other 

domains of creativity where its effects have not been investigated, such as poetry 

writing and musical improvisation. It is important for future research to address this 

given that the processes involved in standardised creativity tasks do not necessarily 

reflect creative processes carried out by professionals in their respective fields (Baer, 

1998; Dietrich, 2019). As such, it is reasonable to propose that incubation may have 

different effects in more applied, domain-specific settings.  

In conclusion, the current review of the main theoretical accounts of incubation and 

associated empirical research demonstrates that there are a number of ways in which 

incubation can facilitate design ideation and creative cognition more generally. 

Nonetheless, the number of studies conducted on incubation in a design context 

remains relatively small. In addition, due to mixed findings and in some cases 

methodological shortcomings, the extent to which incubation actually facilitates design 

ideation remains open to further examination. Related to this, there are still many 
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questions around the factors that may influence incubation in a design context and 

potentially lead to enhanced incubation effects. As discussed, this thesis aims to explore 

the role of mood during the incubation period, but this review has also highlighted 

other interesting avenues for future research. Finally, in terms of incubation research 

generally, there is a need for greater focus on how incubation facilitates creativity in 

more applied, domain-specific tasks of the type typically carried out by creative 

professionals.  
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3.1 Introduction 

This thesis aims to investigate whether incubation in general facilitates design ideation, 

as well as to additionally assess whether a positive mood induction during incubation 

has a particularly beneficial impact on subsequent performance. The effects of mood 

during incubation may depend to a large extent on what cognitive processes actually 

contribute to the generation of novel design concepts, and whether they can be 

influenced by positive mood. For example, positive moods have been shown to improve 

a range of cognitive processes including semantic association (Topolinski & Deutsch, 

2013), controlled memory retrieval (Bartolic et al., 1999), and working memory 

(Storbeck & Maswood, 2016). Such processes could potentially play a critical role both 

during and after the incubation period, and their stimulation - i.e. through positive 

mood - could lead to enhanced incubation effects.  

Currently, however, it is difficult to make predictions regarding the interaction of mood 

and cognition during the incubation period, as there is a lack of clarity around the 

nature of the cognitive processes that contribute to design ideation (Duffy et al., 2019; 

Hay et al., 2017b; Jin & Benami, 2010). As discussed in Chapter 1, this is due to a 

multitude of factors including a dearth of scientifically robust theories of design 

cognition (Cash, 2018; Dinar et al., 2015; Hay et al., 2017b), as well as poor 

terminological consistency regarding key concepts across studies (Hay et al., 2017a; 

2017b), which has made it difficult to integrate research findings and form a cohesive 

body of knowledge (Cash, 2018). It has also made it more difficult to generate testable 

predictions based on the existing literature (Cash & Kreye, 2017). A further issue 

concerns the predominance of the protocol analysis method in design research. While 

protocol analysis has a number of advantages, and has undoubtedly led to progress in 

the field, it is important to be aware of the limitations of this method. In the context of 
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this thesis, a particularly salient limitation is that not all cognitive processes can be 

verbalised. This is important because many of the cognitive processes that are relevant 

to incubation and mood could be implicit and automatic, occurring outside of conscious 

awareness. Thus, the involvement of such processes in design ideation may have 

remained largely undetected by previous research.  

The above factors highlight a number of shortcomings regarding our existing 

knowledge of design cognition and show the need for further work in this area. Given 

that clarity regarding the cognitive processes involved in design ideation is of central 

importance to the issue of incubation and mood, it was deemed important to conduct a 

preliminary study investigating the cognitive processes involved in the generation of 

novel design concepts. This involved the use of a relatively novel approach in the 

design literature which aimed to address several of the limitations associated with 

previous work.  

Specifically, a large sample of designers (n=101) carried out a series of ideation tasks as 

well as a range of cognitive tests, each assessing a different cognitive process. 

Relationships between ideation performance and performance of the cognitive tests 

were then explored using a variety of methods including correlations, multiple 

regression, and moderation analysis. A similar approach has been applied extensively 

in the psychology literature on creativity and has proved useful in establishing 

relationships between various cognitive processes and creative ideation, including 

processes that may operate relatively automatically and unconsciously (e.g. semantic 

association, inhibition; Beaty et al., 2014b; Benedek et al., 2012b; 2014b). Findings 

from such studies have also contributed to the development of scientifically robust 

neuro-cognitive models of the creative process (e.g. Beaty et al., 2016). It is important 

to highlight that in the design literature, a number of studies have also adopted this 
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research approach although they have tended to only explore a narrow range of 

cognitive processes; for instance, visual reasoning (Kim et al., 2005) and divergent 

thinking (Casakin et al., 2010).  

A variety of cognitive processes were assessed in the present study, which were 

identified on the basis of existing literature from two broad domains of research. These 

were: a) research on cognitive processes involved in domain-general creativity and b) 

research on the cognitive processes involved in design ideation. In the following 

section, research from both domains are reviewed, including both behavioural and 

neuroimaging work.  

3.2 Review of cognitive processes involved in design ideation 

Before reviewing the relevant research literature, it is important to clarify that a key 

assumption of this review is that since design ideation is regarded as a creative 

behaviour (e.g. Dorst & Cross, 2001), the literature examining the cognitive processes 

involved in creativity can also shed light on the cognitive processes that contribute to 

design ideation. Studies on domain-general creativity typically study creative 

performance using divergent thinking tasks, which involve producing many different 

answers to an open-ended problem. Divergent thinking tasks are considered a measure 

of creative potential, i.e. a person who scores highly on this task is thought to have high 

potential to produce creative work at some point in their life (Runco & Acar, 2012). 

Consistent with this, higher divergent thinking scores have been shown to predict 

higher creative achievement in real life (Althuizen et al., 2010; Beaty et al., 2018; 

Runco, 1986).  

Furthermore, many design researchers have suggested that design ideation involves 

divergent thinking (Liu et al., 2003; Tversky & Chou, 2010) and protocol evidence 
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suggests that it plays a prominent role in ideation (Goldschmidt, 2016). In addition, 

there is some evidence that divergent thinking ability predicts design ideation 

performance (Casakin et al., 2010; Kwon et al., 2017). Thus, it is fair to assume that 

some knowledge on design cognition can be obtained from the creativity literature in 

psychology.  

However, this is not to argue that divergent thinking and design ideation are essentially 

the same and it is important to acknowledge that there are limits to how much 

knowledge about design ideation can be obtained by studying divergent thinking tasks. 

Dietrich (2019), for instance, points out that the processes involved in domain-specific 

fields of creativity (e.g. musical composition, dancing, design) are too diverse to be 

captured by generic divergent thinking tasks. Similarly, several researchers have 

pointed out that divergent thinking assessments cannot account for the array of factors 

that contribute to creative ability and performance, such as training, education, domain 

knowledge, social context, and personality (Baer, 1998; Brown, 1989; Frith et al., 2019; 

Silvia et al., 2008).  

In addition, Shah et al. (2012) has highlighted key features of design tasks that are not 

captured by standardised divergent thinking tasks and therefore render them 

unsuitable as a direct measure of design ideation performance. For instance, divergent 

thinking tasks typically do not highlight a problem that needs to be addressed, along 

with specification of requirements and constraints. Moreover, they do not require any 

technical or domain-specific knowledge in order to successfully solve them. Thus, it is 

important to acknowledge that evidence from the creativity literature may only give a 

partial insight into the processes involved in design ideation.  

A final point to note is that definitions used for cognitive processes in the cognitive 

psychology literature tend to be more standardised and consistent than they are in the 
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design literature (Hay et al., 2017b). Therefore, this review will firstly introduce 

cognitive processes as they are described in the cognitive psychology literature, along 

with relevant theory and evidence linking such processes to creative ideation. 

Following this, behavioural research conducted specifically in a design setting will then 

be reviewed. The review will then finally focus on relevant neuroimaging research 

conducted on general creativity and design cognition.  

3.2.1 Review of behavioural literature on creative ideation 

Of all the cognitive processes that have been linked with creative ideation, semantic 

memory may be viewed as one of the most prominent. Semantic memory is a long-term 

memory system that includes knowledge of facts and concepts (Martin, 2009). Both 

traditional and modern theories of creativity argue that the ability to flexibly retrieve 

concepts stored in semantic memory, particularly those which are distantly related, is 

key to the generation of novel ideas (Benedek et al., 2012b; Kenett & Faust, 2019; 

Mednick, 1962). For instance, in his seminal model of creativity, Mednick (1962) 

defined the creative process as “the forming of associative elements into new 

combinations which either meet specific requirements or are in some way useful. The 

more mutually remote the elements of the new combination, the more creative the 

process or solution” (p. 221).  

Mednick further proposed that non-creative individuals had steeper associative 

hierarchies, such that for a given concept (e.g. table), the individual would have high 

access to conventional, stereotypical associations (e.g. chair) and low access to more 

distantly related concepts (e.g. leg). Conversely, creative individuals were argued to 

have flatter associative hierarchies, such that they had similar levels to assess both 

close and remote associations. This difference in the organisation of semantic networks 
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was held to underpin the latter group’s ability to form more novel, unique associations 

between concepts (Benedek & Neubauer, 2013; Mednick, 1962). 

Since then, there has been much evidence to show that that the ability to form 

associations between semantically distant concepts is associated with creativity (Beaty 

et al., 2014b; Benedek et al., 2012b; Benedek & Neubauer, 2013). For instance, Benedek 

et al. (2012b) observed that performance on a variety of semantic word association 

tasks positively predicted divergent thinking ability. Moreover, research using 

computational modelling also suggests that, in line with Mednick’s (1962) theory, high 

creative individuals’ semantic memory networks are more highly interconnected than 

low creative individuals’, which may underpin their ability to form more remote 

associations between concepts (Kenett et al., 2014; Kenett & Faust, 2019).  

Another important long term-memory system that is thought to support creativity is 

episodic memory, which stores information relating to events that one has experienced 

(Tulving, 1983; Wheeler, 2001). Episodic memory plays a key role in many aspects of 

cognition beyond mere recollection of the past (Madore et al., 2019; Moscovitch et al., 

2016; Schacter et al., 2017). For instance, Moscovitch et al.'s (2016) review 

demonstrates how episodic memory contributes to diverse domains such as language 

processing, perception and decision making. In addition, it has been suggested that the 

retrieval and recombination of episodic details contributes to a range of imaginative 

processes such as mentally simulating future events (episodic constructive hypothesis; 

(Schacter et al., 2017; Schacter & Addis, 2007).  

There is also increasing evidence to implicate episodic memory in creative ideation 

(see Beaty & Schacter, 2018; for a review). In one of the few protocol studies conducted 

on the Alternative Uses Task (AUT) Gilhooly et al. (2007) observed that participants 

frequently retrieved memories of past experiences with the object in order to generate 
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unusual uses for it. Further evidence comes from the finding that amnesic patients with 

episodic memory deficits have also showed impaired divergent thinking performance 

(Duff et al., 2013). Finally, administering an episodic memory specificity induction 

(which improves the ability to recall episodic information) has been shown to have a 

beneficial impact on subsequent divergent thinking performance (Madore et al., 2015; 

2016a; 2016b).  

Semantic and episodic accounts tend to emphasise the relatively diffuse, associative 

nature of creative cognition (e.g. Beaty et al., 2020). Conversely, other perspectives 

have emphasised that creativity is also to some extent a top-down strategically 

controlled process that involves executive functions (Beaty et al., 2014b; Benedek et al., 

2014b; Dietrich, 2004; Mumford et al., 2012). Executive functions refer to a set of top-

down higher order processes that enable the control of thought and action (Gray-

Burrows et al., 2019; Snyder et al., 2015). This includes processes such as inhibition, 

working memory, planning, goal setting and set shifting (Diamond, 2013; Miyake et al., 

2000). Executive functions are argued to facilitate a number of key aspects of creativity, 

such as the co-ordination of attention, the online maintenance and manipulation of 

information, switching between strategies and setting goals (Benedek et al., 2014b; 

Dietrich, 2004; Mumford et al., 2012). In addition, the evaluation of generated ideas, 

which is thought be an integral part of the ideation process (Hunt, 1994), is argued to 

rely on input from executive functions (Beaty et al., 2016; Kleinmintz et al., 2019).  

The link between executive processing and creativity is supported by evidence showing 

positive associations between divergent thinking and a range of executive functions. 

For instance, numerous studies have observed a positive correlation between divergent 

thinking performance and working memory (Benedek et al., 2014b; de Dreu et al., 

2012; Oberauer et al., 2008), although it should be noted that some studies have failed 
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to find a relationship (Lee & Therriault, 2013; Takeuchi et al., 2011). de Dreu et al. 

(2012) argue that working memory supports creative cognition in a number of key 

ways, such as maintaining novel information in consciousness, and in prioritizing task 

relevant information. Benedek et al. (2014b) also argues that high working memory 

capacity supports associative combination, given that a higher number of concepts can 

be maintained and manipulated during ideation.  

In addition, several studies have found a positive relationship between divergent 

thinking and response inhibition (Benedek et al., 2012a; Benedek et al., 2014b; Groborz 

& Nȩcka, 2003). It is proposed that inhibition facilitates creativity in that it allows for 

the suppression of unoriginal ideas, and may also help manage interference from task 

irrelevant information and previously generated responses (Benedek et al., 2012a). 

However, there is also an alternative perspective which argues that creativity is in fact 

supported by lower levels of inhibition (Eysenck, 1993; Martindale, 1995). Within this 

account, it is argued that decreased inhibition leads to increased associative spreading 

activation across semantic networks, thereby increasing the likelihood of forming novel 

association (Martindale, 1995). In support of this view, a study by Carson et al. (2003) 

reported that lower levels of inhibition were associated with higher creative 

achievements.  

A final executive function that has shown positive correlations with divergent thinking 

is broad retrieval ability (Gr, Beaty et al., 2014b; Frith et al., 2019; Gilhooly et al., 2007; 

Silvia et al., 2013), i.e. the controlled retrieval and selection of information from long 

term memory (Carroll, 1993). Gr is often assessed using verbal fluency tasks (e.g. 

generate as may words as possible beginning with ‘A’). While Gr is thought to rely on 

semantic retrieval processes to some extent (e.g. Rosen & Engle, 1997; see section 3.5.2 

for further discussion), many theorists consider it to be a measure of executive ability 
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given that Gr tasks require top-down control processes such as response monitoring, 

strategy shifting and interference management (Benedek, et al., 2012a; Gilhooly et al., 

2007; Nusbaum & Silvia, 2011; Silvia et al., 2013).  

Creativity researchers have also focused on the relationship between intelligence and 

creativity. A number of broad definitions for intelligence as a unitary construct exist 

(see Legg & Hutter, 2007), such as the “capacity to think, to solve novel problems, to 

reason and to have knowledge of the world” (Anderson, 2006). However, a common 

distinction is made in the literature between fluid intelligence (Gf) and crystallised 

intelligence (Gc, Carroll, 1993; McGrew, 2005). Gf involves the ability to use logic and 

abstract reasoning to solve new problems and adapt to novel situations (Jaeggi et al., 

2008; Sanginabadi, 2020). Gc, by contrast, refers to breadth and depth of acquired 

knowledge (Cattell, 1963; McGrew, 2005). 

Both Gf and Gc are thought to play a role in the generation of creative ideas. With 

regards to Gf, its relevance to creativity can be found in several theoretical models of 

creative cognition. For instance, Hélie and Sun's (2010) model argues that creativity 

involves the application of both implicit and explicit knowledge. The latter involves 

rule-based processes such as logical reasoning, hypothesis testing and hard constraint 

satisfaction, all of which can be related to Gf. Similarly, convergent thinking, which 

involves analytical thought and logical reasoning processes in order to arrive at a single 

correct answer (Cropley, 2006; Guilford, 1957), is argued to play a role in creative 

ideation (Cropley, 2006; Dietrich, 2007; Jaarsveld & Lachmann, 2017; Nusbaum & 

Silvia, 2011). Empirical evidence is also suggestive of a relationship between Gf and 

creativity, with several studies finding positive relationships between the two (Beaty et 

al., 2014b; Cho et al., 2010; Frith et al., 2019; Kim, 2005; Nusbaum & Silvia, 2011). In 

addition, there is also evidence to suggest that Gf aids in the implementation of useful 
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strategies during ideation. For instance, Nusbaum and Silvia (2011) observed that 

individuals higher in Gf were more likely to effectively use a helpful strategy given to 

them by the researchers when performing a divergent thinking task.  

With regards to crystallised intelligence (Gc) i.e. breadth and depth of acquired 

knowledge (Cattell, 1963; McGrew, 2005), several studies have observed positive 

correlations between this ability and creativity (Batey et al., 2009; Beaty & Silvia, 2013; 

Cho et al., 2010; Frith et al., 2019; Silvia et al., 2013). As an explanation for why Gc 

might facilitate creativity, Frith et al. (2019) propose that individuals higher in Gc have 

a broader range of knowledge and experiences to draw upon which allows them to 

adopt more novel perspectives and go beyond the conventional meaning of concepts. 

Likewise, Batey et al. (2009) contends that having an extensive knowledge base is 

required in order to form associations between different concepts during design 

ideation.  

A final cognitive process of key importance in the ideation process is visual mental 

imagery, which involves the ability to form a mental representation of a visual entity 

that is not physically being viewed (Kosslyn & Thompson, 2003). Kosslyn (1995) 

outlined four different types of mental imagery processes including image generation 

(forming an image based on recently encountered perceptual input or through long 

term memory retrieval); image inspection (focusing attention on specific features of an 

image); image maintenance (holding a representation of the image in memory) and 

image transformation (modifying features of a mental image e.g. resizing, rotating).  

Mental imagery is held to play a key role in creative cognition (Abraham & Windmann, 

2007; Finke, 1990; Pidgeon et al., 2016). A range of anecdotal evidence indicates that 

mental imagery played a key role in the creative process of distinguished individuals in 

a wide variety of fields including science, music, art and literature (LeBoutillier & 
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Marks, 2003). However, empirical evidence for the link between mental imagery and 

creativity was initially unfavourable. For instance, a meta-analysis of the literature by 

LeBoutillier and Marks (2003) found that self-reported mental imagery ability only 

explained 3% of the variance in divergent thinking performance, leading the authors to 

conclude that there was not sufficient evidence for the view that mental imagery 

processing contributes to creativity. 

On the other hand, more recent evidence has suggested that there is a relationship 

between the two. Palmiero et al. (2015) found that scores on the Paper Folding Task (a 

measure of visual imagery ability) were positively associated with originality scores on 

Finke's (1996) Creative Mental Synthesis task. Gilhooly et al. (2007) also found that 

mental imagery was used by participants in his protocol analysis of the Alternative 

Uses Task. Furthermore, the importance of a range of behaviours thought to involve 

mental imagery, such as imagination of events and daydreaming, have also been linked 

with creative achievement in various domains (Palmiero et al., 2016). Finally, the role 

of visuo-spatial imagery in creative tasks that require motor planning has also been 

noted (Aziz-Zadeh et al., 2013; Frith et al., 2019). 

In sum, creative ideation appears to draw on a wide range of different cognitive 

processes including semantic and episodic memory, executive functions, intelligence 

(fluid and crystallised) and mental imagery processing. It should be noted that this is 

not intended to give an exhaustive account of the cognitive processes involved in 

creativity and there may be others which have not been discussed here. Nonetheless, 

the literature reviewed above highlights that creativity draws on diverse aspects of 

cognition and aligns with the general perspective that creativity is a complex, higher-

order behaviour requiring input from multiple interacting processes (Liu et al., 2018b).  
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3.2.2 Review of behavioural literature on design ideation 

This review now turns to the literature specifically focused on design cognition. As 

discussed in Chapter 1, much of the knowledge we currently have regarding design 

cognition is based on protocol studies. The Imagine-D project has published two 

systematic reviews of protocol studies conducted on cognition in the conceptual design 

phase of the design process (Hay et al., 2017a; 2017b), of which ideation is a part. The 

main findings from these reviews will be briefly summarised here, followed by a review 

of design cognition research on ideation conducted since then.  

In the first review conducted by Hay et al. (2017a), which examined 47 protocol studies 

on conceptual design, one of the key findings was that there was considerable lack of 

terminological consistency and theoretical cohesion across studies. Similar conclusions 

have also been drawn by other researchers in the field (e.g. Cash, 2018). Despite such 

inconsistencies, Hay et al. (2017a) were nonetheless able to identify three broad 

approaches to the study of conceptual design cognition, which they respectively termed 

as ‘design as search’, ‘design as exploration’ and ‘design activities’. A brief explanation 

of each approach is outlined below, though see Hay et al. (2017a; 2017b) for a more in-

depth discussion.  

 ‘Design as search’ conceives of conceptual design as a linear progression through a 

series of knowledge states until a final ‘goal state’ i.e. solution is reached. Researchers 

from this perspective tend to view the designer as an information processing system 

that transforms information from input to output via the execution of operators, 

defined by Stauffer and Ullman (1991) as “fundamental processes of design that are 

applied to the design state to produce a new state”(p.117). Conversely, in ‘design as 

exploration’, conceptual design is characterised as iteration between exploration of the 
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problem and exploration of the solution, two processes which are held to interact with 

one another, such that explorations of solutions leads the designer to change their 

representation of the problem requirements, which then influences the search of 

subsequent solutions (and so on; Dorst & Cross, 2001a; Jin & Chusilp, 2006; Maher & 

Tang, 2003). A final approach known as ‘design activities’, focuses more generally on 

the goal-directed actions performed by the designer at both the physical and cognitive 

level (e.g. Sim & Duffy, 2003). At the cognitive level, Hay et al. (2017a) identified a 

number of key design activities occurring during the conceptual design process 

including problem analysis, concept generation and synthesis, and concept evaluation.  

In the second review, Hay et al. (2017b) reported that certain cognitive processes were 

repeatedly identified among protocol studies conducted across the three perspectives, 

which the authors then used to develop a generic classification of cognitive processes 

involved in conceptual design. By using standardised definitions of each process 

(derived from the cognitive psychology literature), the proposed classification aimed to 

provide a more shared understanding of the cognitive processes involved in conceptual 

design. Overall, a total of 35 processes were identified, which were broadly placed 

under 6 categories: (1) long-term memory; (2) semantic processing; (3) visual 

perception; (4) mental imagery processing; (5) creative output production and (6) 

executive functions. 

Since the publication of the reviews by Hay et al. (2017a; 2017b), subsequent work has 

further extended knowledge of the key cognitive processes involved in conceptual 

design. Given that this thesis is focused on design ideation (rather than the entire 

conceptual design phase), the remainder of this section will focus on recent literature 

conducted on design ideation specifically. Research in this area has continued to 

emphasise the importance of long-term memory retrieval during design ideation. In a 
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protocol study by Sarkar and Chakrabarti (2017), it was found that designers most 

commonly approach a design problem by retrieving an existing product from memory 

and then modifying it to meet the current problem requirements (a process they refer 

to as ‘find and modify’). Such a process may draw on both semantic memory (e.g. 

knowledge about a particular product’s function) and episodic memory (e.g. 

information pertaining to specific experiences with a product).  

Also demonstrating the importance of semantic associative processes in design 

ideation, Georgiev and Georgiev (2018) analysed levels of semantic similarity during 

conversations of design students and instructors while they were engaged in design 

idea generation. Semantic similarity was measured by the level of semantic relatedness 

between nouns used during the conversations. Interestingly, conversations that lead to 

more creative ideas where characterised by greater semantic divergence, in that the 

semantic relatedness of nouns used between participants increased over time. For non-

creative ideas, the opposite effect was observed, i.e. conversations were characterised 

by semantic convergence. This clearly relates to the well-established notion that more 

creative ideas tended to stem from associations between distantly related concepts 

(Mednick, 1962). 

There is also growing evidence to indicate that design ideation, like creative ideation, is 

a top-down, strategically controlled process. For instance, a recent review by Ball and 

Christensen's (2019) demonstrated how designers continually monitor their own 

cognition and adopt strategies in order to cope with the ill-structured nature of design 

problems. An example of this is the adoption of problem framing (selecting specific 

aspects of the solution to develop and explore; Schon, 1983) which has been identified 

in many studies on design ideation (Adams et al., 2018; Goel & Pirolli, 1992), and is 

associated with positive design outcomes (Lloyd & Oak, 2018). 
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With regards to working memory, a key aspect of executive functioning which has been 

linked with creativity, this cognitive process has received relatively little attention in 

the protocol literature on conceptual design, and was not included in Hay et al.’s 

(2017b) afore mentioned generic classification of conceptual design cognition for this 

reason. A study by Bilda and Gero (2007) did, however, show that ideation without 

concurrent sketching led to a significant decrease in cognitive activity over the course 

of the task (as compared with an ‘ideation with sketching condition’). On the basis of 

this, the authors suggested that ideation overloads visual working memory, and that 

sketching may provide a key means for offloading working memory constraints. More 

recently, Dumas et al. (2016) proposed that working memory is important during 

design ideation given that ideation tasks generally involve simultaneous processing and 

consideration of a high volume of information. Showing some support for this claim, the 

authors found that working memory capacity was positively correlated with both 

fluency and novelty on an engineering ideation task. Overall, while empirical studies 

examining the role of working memory during design ideation are still somewhat 

lacking, studies that have investigate this issue have suggested that working memory 

does play a significant role. 

Much recent work has also highlighted the importance of logical reasoning during 

ideation (Ball & Christensen, 2019; Choi & Kim, 2017; Cramer-Petersen et al., 2019), 

indicating an important role for fluid intelligence (Gf). Two key forms of reasoning 

appear to be abductive and inductive reasoning. Abductive is a form of logical inference 

in which one proposes the best and simplest explanation for a given scenario (Peirce, 

1960). In their review of design cognition literature, Ball and Christensen (2019) argue 

that abductive reasoning and design ideation are closely related in that design ideation 

involves the generation of ‘solution conjectures’ i.e. speculative solutions in response to 
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the available information. The ‘available information’ here refers to the requirements 

and constraints specified in the design problem. 

Inductive reasoning, conversely, involves forming conclusions based on prior 

knowledge or experience rather that direct observation (Krawczyk, 2018). The use of 

analogical reasoning during ideation is considered to be a form of inductive reasoning 

in that the designer uses existing knowledge (e.g. relating to a previous design 

problem) to inform their understanding of the current problem (Hay et al., 2017b). 

Highlighting the importance of this, Choi and Kim (2017) found that training design 

students to engage in analogical reasoning resulted in more creative design thinking 

(identified through protocol analysis), as well as more transformations and mutations 

in students’ sketches.  

The role of relational reasoning i.e. “the ability to discern patterns of relational 

similarity among multiple pieces of information” (Dumas et al., 2016; p. 53), has also 

been explored in a design context (Dumas et al., 2015, 2016; Dumas, 2017). For 

instance, Dumas et al. (2015) found that relational reasoning ability positively 

predicted originality on an ideation task. Moreover, individuals higher in this ability 

were more likely to successfully implement an ideation method (TRIZ; Altshuller et al., 

1996) during the task. This ties in with Nusbaum and Silvia’s (2011) study (discussed 

in section 3.2.1) showing that individuals higher in Gf were more likely to take 

advantage of an ideation strategy during divergent thinking.  

Researchers have also further sought to explore the importance of mental imagery in 

design ideation. The role of mental imagery is often discussed in the context of 

sketching. Goldschmidt (2017), for instance, notes that mental images, though highly 

useful, are short lived and rely on sketching as a form of ‘external memory’ to store 

them. This process is suggested to be interactive in that externalisations then serve to 
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stimulate further explorations of the design problem through mental imagery. In 

addition, several authors have argued that the inherent ambiguity of visual forms in 

sketches stimulates mental imagery processes and leads to spontaneous visual 

discoveries (Goldschmidt, 1991; Liu, 1996; Suwa et al., 2000). As evidence, Goldschmidt 

(2014) discusses a case study of an architect who discovered the raw outline of a 

nursery floor plan simply by making repeated sketches of his own signature. In 

addition, Tseng (2018) observed that expert designers tended to generate more 

creative ideas when presented with sketch images with increased levels of visual 

ambiguity. Interestingly, this effect was not found in novice designers, suggesting that 

the ability to harness visual ambiguity in sketches during ideation is acquired through 

extensive experience.  

Finally, it should be noted that some of the cognitive processes identified as key 

contributors to domain-general creativity have received very little attention in a design 

context. For example, there is a lack of knowledge regarding the role of crystallised 

intelligence (i.e. acquired general knowledge) during design ideation. Much research 

has focused on the importance of domain-specific knowledge in the ideation process 

(e.g. Ball et al., 2004; Christensen & Ball, 2016; Cross, 2004), though it is not clear 

whether more broad knowledge of general facts and concepts unrelated to design can 

facilitate ideation.  

Likewise, the process of inhibition has received relatively little attention in the design 

literature. This may be due to the fact that it is difficult to detect using protocol 

analysis, since inhibition can occur automatically (Howard et al., 2014) and the 

processes involved may be difficult to identify and verbalise. It is theoretically 

conceivable that either increased inhibition or conversely, decreased inhibition could 

contribute to ideation. As noted, increased inhibition is thought to be useful in 
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supressing unoriginal or inappropriate ideas (Benedek et al., 2014b), and is also 

thought to be instrumental in managing interference from irrelevant memory contents 

that cause fixation (Koppel & Storm, 2014; Smith & Blankenship, 1991). However, there 

is also the view that disinhibition leads to increased spreading activation and thereby 

more novel associations being generated (Eysenck, 1995; Martindale, 1995, 1999). 

Thus, decreased rather than increased levels of inhibition could be more favourable to 

the generation of design concepts.  

In sum, the existing behavioural literature suggests that design ideation relies on a 

multitude of cognitive processes, many of which have been implicated in general 

creativity. This suggests that there may be substantial cognitive overlap between 

design ideation and domain-general creativity. However, it should be acknowledged 

that even though similar cognitive processes have been implicated in these two forms 

of creativity, it is not necessarily the case that they are deployed in the same way, or 

engaged at the same times during the ideation process (see section 3.2.4 for further 

discussion of this point). Finally, the above review highlights that several processes 

emerging as key in the creativity literature have been given little attention in design 

research, such as crystallised intelligence and inhibition. Future research is needed to 

address whether and how such processes are related to design ideation.  

3.2.3 Neuroimaging research on ideation 

The behavioural evidence discussed above has undoubtedly shed light on the cognitive 

processes underlying design ideation. However, behavioural methods on their own 

may be limited in terms of how much they can reveal about design cognition. 

Consequentially, a growing number of researchers in the field are recognising the 

potential benefits of neuroimaging tools in a design context. Neuroimaging 
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investigations can both strengthen and challenge findings from existing behavioural 

work (Nguyen et al., 2018) and may also lead to the development of more advanced 

ideation support tools, such as Computer Aided Design (CAD) systems that can directly 

interact with designers’ neural activity (Duffy et al., 2019). 

However, as noted by Vieira et al. (2020), neuroimaging research in the design field is 

in a less advanced stage than in the field of creativity. In the creativity literature many 

neuroimaging studies have been conducted and there is a relatively comprehensive 

understanding of the complex brain network dynamics that underlie creative ideation. 

For instance, using functional magnetic resonance imaging (fMRI), Beaty and colleagues 

(Beaty et al., 2015; 2016; 2018) have recently revealed three core networks that are of 

high importance during creative ideation: a) the Default Mode Network (DMN), which 

is involved in the spontaneous generation of ideas, particularly through the retrieval 

and combination of semantic and episodic memory contents (Beaty et al., 2020); b) the 

Executive Control Network (ECN), which underlies top-down aspects of creativity (goal 

setting, decision making, evaluation); and c) the Salience Network (SN), which mediates 

communication between these two networks, identifying potential ideas arising from 

the DMN and relaying them on to the ECN for evaluation. Beaty et al. (2018) found that 

higher connectivity between these three networks predicts individual creative ability. 

Their involvement has also been extended to domain-specific forms of creativity such 

as musical improvisation (Pinho et al., 2016) and poetry writing (Liu et al., 2015).  

While there is currently less knowledge on the neural regions and networks underlying 

design ideation, there has nonetheless been a growing number of studies seeking to 

address this in recent years. In one of the first fMRI studies examining product design 

ideation, Goucher-Lambert et al. (2019) found that ideation with accompanying 

inspirational stimuli (in the form of words) compared to ideation without stimuli was 
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associated with increased activity in semantic processing regions (middle temporal, 

superior temporal gyrus). This suggested that inspirational stimuli may facilitate 

semantic search and retrieval processes during ideation.  

In a study using a similar experimental design, Fu et al. (2019) also examined the 

neural regions associated with design fixation (induced by presenting designers with 

existing example solutions to the problem). Compared to an ideation condition with no 

examples presented, the ‘example’ condition was associated with higher activity in the 

right inferior frontal gyrus, left middle occipital gyrus as well right superior parietal 

lobule regions including the precuneus. The authors suggested that activation in key 

visual processing regions (notably the middle occipital gyrus and parietal lobule) may 

have reflected the fact that in the fixation condition participants spent more effort on 

processing features of the example solutions. In addition, they suggested that the 

precuneus activation was due to participants retrieving memories relating to their 

experiences with the example solution. 

The above two studies are highly useful in revealing neural regions associated with 

ideation-related phenomena such as the role of external stimuli and the neural 

underpinnings of fixation. However, both studies involved comparing one form of 

ideation (i.e. with external stimuli) versus another form (i.e. without external stimuli) 

and so they are limited in the extent to which they can reveal information about the 

neurocognitive processes involved in ideation per se. 

However, the Imagine-D project has carried out two fMRI studies which aimed to 

uncover the neural regions that contribute to design ideation specifically (Campbell et 

al., In preparation; Hay et al., 2019a). In Hay et al.’s (2019a) study, professional product 

design engineers performed a series of open-ended and constrained design ideation 

tasks, as well as an image manipulation control task. While open-ended and 
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constrained tasks were not found to differ in terms of neural activity, an ideation 

condition (collapsing across open-ended and constrained tasks) versus the control 

condition was found to be associated with greater activation in the left anterior 

cingulate cortex (ACC) and right superior temporal gyrus (STG), though the latter did 

not meet a corrected threshold. The ACC was argued to be involved in the cognitive 

control aspects of ideation, given its known role in processes such as inhibition (Braver, 

2001) and conflict monitoring (Kerns et al., 2004). Though the STG activation may only 

be considered a preliminary finding, it has previously been associated with creative 

insight (Shen et al., 2017) which is a well-documented phenomenon in design 

(Chandrasekera et al., 2013). 

In the second study, Campbell et al. (In preparation) recorded brain activity of 

professional product design engineers during a series of ideation tasks in which they 

were asked to generate novel and feasible concepts in response to open ended 

problems. Brain activity in the ideation condition was contrasted with a 2-back 

memory task and a mental rotation task, as well as a rest condition. Comparisons 

between the ideation and all three controls revealed consistent activations in 

prefrontal areas such as the superior, inferior and middle frontal gyrus, regions which 

may contribute to aspects of cognitive control during ideation, such as inhibition 

(Swick et al., 2008) and attentional control (Petrides, 2015). In addition, activations 

were found in regions such as bilateral lingual gyrus and left fusiform gyrus which are 

known to play a role in visual imagery (Fulford et al., 2018; Zhang et al., 2014a). 

Interestingly, these regions were not activated when comparing ideation with mental 

rotation, further suggesting that they were contributing specifically to the visual 

imagery aspects of ideation. Finally, consistent activations were observed in the 

parahippocampal gyrus, a region known to be involved in episodic memory (Reber et 

al., 2002). This aligns with evidence from the protocol literature suggesting that 
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designers engage episodic memory during design, for instance, when drawing on 

experiences related to a previous design project (Hay et al., 2017b).  

Having examined direct comparisons between the ideation and control conditions, 

Campbell et al. (In preparation) then explored patterns of functional connectivity in 

designers using psycho-physiological interactions (PPI), the first study to do so in a 

product design context. The results revealed interactions between default regions 

(such as the precuneus) and executive control regions (e.g. superior frontal gyrus), 

which is consistent with results in the creativity literature suggesting executive-default 

coupling reflects generation (in the DMN) and evaluation (in the ECN) of ideas. It was 

also found that the insula (a key hub of the salience network) had interactions with 

regions in both the DMN and ECN, which supports the view that the salience network 

mediates communication between the DMN and ECN. The results suggest there may be 

considerable overlap between neural patterns occurring during design creativity and 

other forms of creativity, where similar trends have emerged. However, there is much 

scope to further uncover the nature of functional connectivity during design ideation, 

as there may be particular regions or patterns activity that are specific to design 

ideation. Comparisons between different domains of creativity tend to suggest that 

while there is some neural overlap across domains, domain-specific contributions are 

also apparent (Boccia et al., 2015; Chen et al., 2020; Zhu et al., 2017).  

In addition to fMRI, electroencephalography (EEG) has also been applied in a design 

context. In fact, there is a longer history of EEG research in the design field, with the 

first study on design being carried out in the late 1990’s by Göker (1997). This study 

observed that design experts, as compared with novices, tended to show more activity 

in the right parietal regions during a design problem solving task. The authors 

suggested this reflected greater use of visual processing by the experts, a finding 
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supported by verbal protocol also suggesting that experts were more likely to use 

visual strategies. 

In more recent years, Nguyen and colleagues (Nguyen et al., 2018; Nguyen & Zeng, 

2010; 2012; 2014a; 2014b) have used EEG across a series of experiments which 

broadly focus on temporal changes in mental states (e.g. effort, stress, fatigue, 

concentration) throughout the design process, since certain EEG features (e.g. 

particular changes in frequency range) can be used to indicate the occurrence and 

intensity of certain mental states. In one study, Nguyen et al. (2018) used EEG to record 

designers’ brain activity across a long ideation session (up to 2 hours) consisting of 

many different tasks. Mental effort was found to be highest at the beginning and end of 

the design session. The authors suggested that high mental effort at the beginning 

reflects an ‘ice-breaking’ phenomenon such that designers always require high effort at 

the beginning of an ideation session regardless of task difficulty. The high effort at the 

end may be more simply be explained as an attempt to overcome fatigue caused by long 

task duration. Another interesting finding was that concentration levels were the 

highest during points in the ideation session where designers engaged in partial or full 

re-evaluation of their design concepts. The observation that design evaluation requires 

more focus and attention may be taken as support for the notion that evaluation is an 

executively demanding aspect of the design process (e.g. Kleinmintz et al., 2019).  

In addition, EEG has been used to examine changes in neural activity as a function of 

the type of task presented. For instance, Liu et al. (2018a) found that open-ended and 

constrained design tasks were found to elicit differences in EEG signal. The open-ended 

task was found to be associated with increased alpha activity in the frontal, 

parietotemporal and occipital regions in open-ended as compared with constrained 

tasks. The authors suggested these cortical lobes may support semantic search and 
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retrieval processes during open-ended tasks. The frontal lobe activity may also indicate 

increased cognitive control in the open-ended condition. In another EEG study, Vieira et 

al. (2020) found open-ended versus constrained tasks were associated with higher 

transformed power (a measure of EEG signal amplitude) in the right occipitotemporal 

cortex. The authors suggested that this reflected higher conceptual expansion in the 

open-ended tasks, which involves making conceptual structures more broad and 

inclusive and is associated with creativity (Abraham et al., 2012; 2018). In addition, 

higher activity in the right dorsolateral prefrontal cortex (DLPFC) was also observed in 

the open-ended tasks, a region known to be involved in cognitive control (Miller & 

Cohen, 2001). Thus, a common finding in the EEG literature appears to be that open 

ended design tasks are associated with both greater semantic processing and executive 

control.  

In sum, fMRI and EEG have proved to be highly useful methods in increasing our 

understanding of the neural basis of design ideation and have served to extend and 

strengthen insight from the existing behavioural literature. They have also increased 

knowledge regarding how brain activity is influenced by many factors including the 

presence of inspirational stimuli, design fixation as well as the nature of the design 

problem (e.g. open-ended versus constrained). It should be acknowledged that the 

application of neuroimaging methods in a design context is still in its infancy, though 

this leaves many exciting avenues for further research. For instance, more work is 

needed to establish whether any key domain-specific neural contributions exist in 

design ideation (as compared with other forms of creativity). In addition, it could be 

examined whether patterns of functional connectivity in design ideation change over 

time (e.g. using temporal connectivity analysis, see Beaty et al., 2015). Finally, along 

with the general advancement of neuroimaging methods and as more studies are 
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conducted on designers, there is also the possibility that findings can be used to 

radically improve the support tools available for designers (Duffy et al., 2019).  

3.2.4 Literature review conclusion 

The review suggests that ideation involves a wide variety of cognitive processes 

including semantic association, executive processing (e.g. general retrieval; working 

memory; inhibition), fluid and crystallised intelligence, and mental imagery. The 

involvement of several of these processes in design ideation can be inferred from much 

of the behavioural work conducted in a design context, such as studies using the 

protocol method or analysis of designers’ conversations during ideation. A select few 

processes have been given little attention in the design literature (e.g. crystallised 

intelligence, inhibition) although the behavioural literature on general creativity gives 

an indication that they may also be involved in design ideation. Finally, neuroimaging 

studies have helped shed light on the brain regions and networks that underlie much of 

these key cognitive processes, as well as give an insight into how such processes may 

dynamically interact during ideation. Overall, insights from these diverse bodies of 

literature were used to inform the cognitive processes assessed in the current 

empirical study. 

A salient issue highlighted by this review is that there appears to be considerable 

overlap between the cognitive processes involved in design ideation and those 

contributing to general creativity. To some extent, this may be taken as support for the 

domain-general view of creativity, which argues that all forms of creativity draw on the 

same cognitive processes (Root-Bernstein & Root-Bernstein, 1999; Simonton, 2007). 

However, while a similar set of processes may be involved in design ideation and 

divergent thinking, this does not necessarily mean that they are deployed in the same 
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way across both tasks, or are all involved to a similar degree. For instance, there may be 

certain processes that are likely more important specifically in a design context, as 

compared to more general divergent thinking tasks (and vice versa).  

For instance, it may be the case that mental imagery is more important in design tasks, 

given the assumed prominence of the visual modality during design ideation (Dahl et 

al., 2001), and the fact that ideation often results in the production of an external visual 

form (e.g. sketch; Goldschmidt, 2017). In addition, simultaneous ideation and sketching 

(which does not generally occur in divergent thinking tasks) is held to stimulate mental 

imagery processes (Goldschmidt, 1991, 2014; Suwa et al., 1998). The act of concurrent 

sketching during ideation may also require a higher degree of motor planning than is 

necessary for divergent thinking tasks.  

In addition, both creativity and design researchers have proposed that executive 

functions contribute to evaluative processes during ideation (Beaty et al., 2016; 

Chrysikou, 2018; Hay et al., 2017b; Kleinmintz et al., 2019). In generic divergent 

thinking tasks, participants may self-evaluate responses in terms of novelty and/or 

appropriateness (Benedek al., 2014a; Kleinmintz et al., 2019). While these are also 

relevant in design tasks, additional factors beyond this may also need to be considered 

such as problem requirements and constraints (Jin & Chusilp, 2006), functional and 

technical considerations (Shah et al., 2003a) and aesthetics (Chandrasekera et al., 

2013). In this sense, design ideation may be overall a more executively demanding task 

due to the fact that there are more criteria against which outputs must be evaluated. 

Overall, the above considerations highlight some potential ways in which design 

ideation may differ from domain-general creativity in terms of the underlying cognition 

involved. However, it is important to highlight that these are speculative and that 

further research is needed to examine the issue directly.  



Chapter 3. Empirical Investigation of the Cognitive Processes Involved in Design Ideation 

86 
 

3.2.5 Present study 

The literature reviewed provides insight into the cognitive processes involved in design 

ideation, although there is also need for further research in this area, as discussed. As 

noted at the outset of this chapter, clarity regarding the cognitive processes involved in 

idea generation is of key importance to this thesis, which aims to test whether a mood 

induction (performed during an incubation period) can improve subsequent design 

ideation. The effects of mood during incubation are likely to be dependent on what 

cognitive processes are involved in idea generation and whether they are enhanced by 

mood. Therefore, the empirical study reported in this chapter directly investigated this 

issue, using an approach which aimed to address some of the key limitations with 

previous design cognition research. 

The study involved a large sample of product design engineering (PDE) students 

performing a series of open-ended ideation tasks as well as a broad range of 

psychological tests assessing separate cognitive processes. This included tests of 

associative processes, executive functioning, intelligence (fluid and crystallised), 

mental imagery and divergent thinking. The cognitive tests were developed within 

psychology and have been widely applied in previous research as measures of cognitive 

processing, both within the creativity literature and in cognition research more 

generally.  

Relationships between ideation performance and performance of the cognitive tests 

were investigated using correlations and multiple regression analysis. Correlations 

were used to assess the strength and direction of the relationship between the 

cognitive processes and design novelty, as well as to look at the relationships existing 

among the various cognitive processes themselves. Multiple regression was used to 
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assess how much variance in design novelty could be accounted for by variance in the 

cognitive processes. This analysis also gave insight into the relative contribution to 

variance in novelty made by each individual cognitive process. 

Relationships between ideation and the cognitive processes were further assessed 

using moderation analysis. Moderation occurs when the strength or nature of the 

relationship between two variables is influenced by another, moderator variable 

(Dawson, 2014; Memon et al., 2019). By using moderation analysis, such moderator 

variables can be identified, and thereby reveal under what circumstances a given 

psychological effect exists, as well as the strength of the effect (Hayes & Rockwood, 

2017). In the context of the present study, it was examined whether the relationship 

between a given cognitive process and design novelty was influenced in some way by 

another cognitive process.  

Based on the existing theoretical and empirical literature reviewed, a number of 

exploratory hypotheses were made. Firstly, it was predicted that semantic associative 

processes would be positively related to design novelty, based on the associative theory 

of creativity (Mednick, 1962) and related empirical work (Benedek, et al., 2012b; Hay 

et al., 2017b; Kenett et al., 2014). Furthermore, working memory was hypothesised as a 

possible moderator of this relationship. It has previously been suggested that a higher 

working memory capacity supports associative processing, in that a greater number of 

associations can be maintained and manipulated at a given time (Benedek et al., 

2014b). Thus, the relationship between association and novelty was hypothesised to be 

stronger when working memory capacity was higher.  

In the executive domain, it was hypothesised that Gr would be positively associated 

with novelty. Moreover, semantic association was proposed as a moderator of this 

relationship, in that the benefits of being able to fluently and strategically retrieve 
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concepts (Gr) during ideation was proposed to be enhanced for those individuals who 

were also more adept at generating a higher number of associations between different 

concepts. In this way, semantic association was hypothesised to influence the Gr-

Novelty relationship. A further proposed moderator was mental imagery. During 

ideation, designers frequently retrieve existing products from memory and then 

transform certain details or features of the product (Jin & Benami, 2010). This process 

of long-term memory retrieval likely involves Gr, though is likely further facilitated by 

mental imagery processes, including the ability to vividly visualise the product, as well 

as make complex transformations (e.g. resizing, rotating). Thus, Gr was hypothesised to 

be more strongly related to novel ideation when mental imagery processing was 

higher.  

Regarding the relationship between inhibition and novelty, there is evidence to suggest 

that the relationship between the two could be positive or negative. Therefore, 

moderation effects were hypothesised separately for these two outcomes. The notion 

that high inhibition is positively related to creativity is put forth in modern executive 

accounts of creativity which suggest that inhibition allows one to suppress unoriginal 

and/or inappropriate ideas (e.g. Benedek et al., 2012a; Benedek et al., 2014b). If 

increased inhibition supports the generation of novel design concepts, there may be 

several processes that moderate this relationship. Firstly, as well as being able to 

inhibit ideas that are irrelevant or unoriginal, one also has to be capable of generating 

alternative ideas that are relevant to the task and are novel. Such a process might be 

facilitated by Gr, since this involves the controlled, strategic selection of task-relevant 

concepts in long term memory. It may also be aided by divergent thinking, as this may 

specifically facilitate the generation of ideas that are more novel and unique, as an 

alternative to those that have been inhibited. Thus, Gr and divergent thinking were 

hypothesised as moderators of a positive relationship between novelty and inhibition.  
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On the other hand, alternative accounts have emphasised that a lack of inhibition may 

be favourable to creative cognition. For instance. It has been proposed that reduced 

levels of inhibition lead to increased spreading activation across semantic networks, 

allowing more remote associates to be accessed (Martindale, 1995). Similarly, Carson 

et al. (2003) argued that the reduced filtering of stimuli associated with low inhibition 

may facilitate idea generation. Moreover, they suggested this effect was stronger in 

individuals with higher intelligence. Thus, assuming a negative relationship between 

novelty and inhibition in the current study, it was hypothesised that this may be 

moderated by either or both of the intelligence measures (Gf/Gc).  

In the intelligence domain, the importance of Gf in developing and executing strategies 

during ideation has been observed (Nusbaum & Silvia, 2011). Thus, a positive 

relationship between ideation and Gf was expected. With regards to the processes that 

may moderate this, Gr was identified as a possibility as this would allow participants to 

search and retrieve strategies that were developed and used effectively on previous 

tasks of a similar nature. In addition, higher working memory capacity could also 

facilitate in the selection of strategies since one can consider a higher number of 

strategies at once and also better keep track of previously applied strategies that are no 

longer effective. Thus, Gr and working memory were hypothesised as moderators of 

the Gf-Novelty relationship.  

Regarding Crystallized intelligence (Gc), it has been proposed that individuals higher in 

Gc may be more creative since they have a wide and diverse range of concepts to draw 

upon (Batey et al., 2009; Frith et al., 2019). Thus, a positive relationship between Gc 

and novelty was expected. However, in order for high Gc to fully benefit novel ideation 

it could be argued that one also needs to be able to fluently retrieve concepts (i.e. Gr), 

retain multiple concepts ‘online’ (i.e. working memory) as well as flexibly combine 
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them (i.e. semantic association). Thus, it was proposed that Gr, working memory 

and/or semantic association may moderate the relationship between Gc and novelty.  

Regarding mental imagery processes, these are widely held to play a crucial role in 

various aspects of design cognition and so a positive relationship between such 

processes and design novelty was hypothesised. Furthermore, visual working memory 

capacity was hypothesised as a potential moderator of this relationship. Previous 

literature has suggested that the visuo-spatial component of working memory supports 

mental imagery processing during design ideation (Bilda et al., 2006; Bilda & Gero, 

2007). Thus, the relationship between mental imagery and novelty may be stronger 

when individuals have a high visual WM capacity and are capable of holding and 

manipulating several images online at once.  

Lastly, with regards to divergent thinking, it was difficult to predict whether or not this 

would be related to design novelty in light of controversy around with the divergent 

thinking tasks actually bear any resemblance to more domain-specific creativity tasks. 

However, assuming that there was a positive relationship between the two, Gf was 

proposed as a potential moderator of this relationship. The rationale for this was that 

divergent thinking is often emphasised as involving playful, imaginative thought 

(Zabelina & Robinson, 2010). While design ideation tasks may also require this to some 

extent, there are also more technical aspects of the task to be considered, such as 

functional requirements and problem constraints (Shah et al., 2012). It is possible that 

individuals higher in Gf may be better able to develop strategies to combine more 

playful, imaginative modes of thought with the more rationale, logical approach that is 

required for the technical aspects of the ideation task. As such, it was hypothesised that 

the relationship between divergent thinking and design novelty would be moderated 

by Gf.  
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A final aim of the present study was to examine divergent thinking rather than design 

novelty as the dependent variable. As discussed, divergent thinking is one of the most 

widely used measures of creative performance in psychology, and indeed there is some 

evidence for its predictive validity e.g. with respect to real life creative achievement 

(Beaty et al., 2018). However, divergent thinking as a measure of creativity has 

received a great deal of criticism. Several theorists have noted that the cognitive 

processes involved in domain specific fields of creativity are too distinct to be 

adequately captured by divergent thinking performance (Baer, 1998; Dietrich, 2019). 

Regarding design specifically, it has been argued that divergent thinking tasks are 

limited as measures of design ideation performance because they lack certain features 

that are essential components of design tasks, such as the specification of a problem 

that needs to be addressed, and the requirement that solutions should have some 

potential to be realised as functional products (Hay et al., 2019a; Shah et al., 2003a, 

2012). Given the controversy around the utility of divergent thinking as a measure of 

creativity, it was therefore important to examine whether the cognitive processes 

assessed in this study showed similar relationships with divergent thinking as they did 

with design novelty. This firstly involved examining whether the above hypothesised 

moderation effects occurred when divergent thinking rather than design novelty was 

the dependent variable. Secondly, divergent thinking was examined as a dependent 

variable in the multiple regression analyses in order to examine a) whether the 

cognitive processes predicting divergent thinking were the same as those predicting 

novelty and b) whether the cognitive processes overall explained a similar level of 

variance in divergent thinking as compared with design novelty. Overall, the above 

analyses provided insight into whether there were any key differences between design 

ideation and divergent thinking in terms of their respective cognitive underpinnings.  
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3.2.5.1 Summary of experimental aims and hypotheses 

Aim 1. Assess the strength and direction of relationship between the cognitive 

processes and design novelty (using correlation analysis). 

Aim 2. Assess how much variance in design novelty is accounted for by variance in the 

cognitive processes, as well as establish the relative contribution to variance in novelty 

made by each individual cognitive process (using multiple regression analysis).  

Aim 3. Examine whether the relationship between a given cognitive process and design 

novelty was influenced by another cognitive process (using moderation analysis). See 

table 3-1 for a summary of the specific hypotheses made. 

Aim 4. Examine whether the cognitive processes assessed in this study showed similar 

relationships with divergent thinking as they did with design novelty. This involved 

examining divergent thinking (rather than design novelty) as the dependent variable in 

both the moderation analysis and multiple regression analysis.  
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Table 3-1. Hypothesised moderation effects regarding the relationships between the 
cognitive processes and design novelty 

Cognitive process Hypothesised moderator(s) 

Semantic association Working memory 

  

General retrieval  Semantic association; mental imagery 

Inhibition  General retrieval; divergent thinking 

Inhibition (negative) Fluid intelligence; crystallised 
intelligence 

  

Fluid intelligence  General retrieval; working memory 

Crystallised intelligence Working memory; semantic association 

  

Mental imagery Visual working memory 

  

Divergent thinking Fluid intelligence 

Note: Relationships between the cognitive processes in the left column and design novelty are 
hypothesised to be positive unless stated otherwise (in parentheses).  

 

3.3 Methods 

3.3.1 Participants 

A total of 101 individuals participated in the study (54 males, 47 females; mean age = 

21.1782, SD = .50, range = 18 – 40). Participants were undergraduate (2nd year or 

above) or postgraduate students of Product Design Engineering (PDE), or individuals 

who had graduated from a PDE degree within 2 years prior to taking part in the study. 

The majority of participants were recruited from PDE courses of the University of 

Strathclyde or the University of Glasgow/Glasgow School of Art. The study was 
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approved by the Department of Design, Manufacturing and Engineering Management 

Ethics Committee. All participants were reimbursed £30 for taking part in the study. 

3.3.2 Tasks and Procedure 

After providing informed consent, participants completed a series of cognitive tests and 

open-ended ideation tasks in a session that lasted approximately 3 hours and 40 

minutes. The order in which the tasks were performed was varied across participants. 

3.3.2.1 Semantic association tests 

Associative fluency 

For associative fluency, participants were given 1 minute to type in as many words as 

possible that were associated with a cue word presented on the computer. Participants 

were asked to avoid proper nouns and phrases when making responses. A total of 5 cue 

words were presented (‘light’, ‘red’, ‘mountain’, ‘street’, ‘king), which were taken from 

the Kent-Rosanoff word association test (Kent & Rosanoff, 1910). These words had 

previously been selected in a German translation of the associative fluency test 

(Benedek & Neubauer, 2013), as they were deemed to represent a broad range of 

semantic concepts and also not likely to elicit dominant associations. Associative 

fluency was calculated for each participant as the average number of distinct responses 

made across the five cue words.  

Associative flexibility 

For associative flexibility, participants were presented with a cue word on the 

computer and asked to generate a chain of linked words (beginning with the cue word) 

such that each word was related to the previous one. Two words were presented 

(‘music’, ‘cold’; Beaty et al., 2014b), with participants again given 1 minute to generate 
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as many responses as possible for each cue, with the exclusion of proper nouns and 

phrases. An associative flexibility score was calculated for each participant as the 

average number of distinct responses across the two cue words (Beaty et al., 2014b; 

Benedek, et al., 2012b).  

3.3.2.2 Executive functioning tests 

General retrieval ability (Gr) 

A verbal fluency test was administered as a measure of Gr (Silvia et al., 2013). In this 

task, participants were presented with a letter of the alphabet and asked to verbalise as 

many words as possible that start with that letter within 1 minute. The task was 

administered twice, using ‘A’ and ‘F’ as the cue letters (Benton & Hamsher, 1983) 

fluency score was calculated for each participant as the average number of distinct 

across the two letters.  

Inhibition 

The Simon test (Simon & Wolf, 1963) was administered as a measure of response 

inhibition (Verghese et al., 2018). In this task, the word ‘LEFT’ or ‘RIGHT’ was 

presented on either the left or right side of a fixation cross in the centre of the screen 

for up to 5s or until the participant made a response. Participants were required to 

press the ‘a’ key if the word ‘left’ was presented, and the ‘l’ key when ‘right’ was 

presented. The task consisted of 150 trials in total, each one separated by a 1s interval. 

The tendency for responses to be faster when the stimulus word and position are 

congruent (e.g. word ‘left’ presented on the left) compared to incongruent (e.g. word 

left is presented on the right) is referred to as the Simon effect. For each participant, a 

Simon effect score was generated by calculating the difference in reaction times 
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between incongruent and congruent trials. Lower Simon effect scores indicate higher 

levels of inhibitory control.  

Participants also completed a computerised version of the Stroop test (Stroop, 1935) 

administered via Psytoolkit (Stoet, 2010). In this task, names of colours (‘red’, ‘blue’, 

‘green’, yellow’) were presented on screen for up to 2000ms or (until participants made 

a response) with each word coloured either red, blue, green or yellow. Participants 

were asked to press a button corresponding to the colour in which the word was 

presented (‘r’ for red words, ‘g’ for green etc.). There were 100 trials in total, with 20 

word-colour congruent trials (e.g. the word ‘red’ presented in red) and 80 word-colour 

incongruent trials (e.g. the word ‘green’ presented in red colour). Response times tend 

to be slower for colour-word incongruent trials, which reflects inhibition of the 

prepotent response (i.e. naming the word instead of the colour) in this condition 

(Friedman & Miyake, 2004; Miyake et al., 2000; Vendrell et al., 1995). The Stroop effect 

was calculated as the difference in reaction time between incongruent and congruent 

trials. 

Visual working memory 

The visual patterns test (VPT) was administered as a measure of visuo-spatial working 

memory (Brown et al., 2006; Della Sala et al., 1999). Participants were presented with a 

series of grid-based patterns on a computer screen, with half of the squares filled in 

black, the other half in white. Each pattern was presented for 3s, followed by a 10s 

delay during which a black blank screen was presented. After the delay period, a 

prompt word ‘Recall’ was presented on the screen, and participants were required to 

reproduce the pattern on a blank grid from memory, marking an ‘X’ onto each square 

they recalled as being black. Prior to completing test trials, participants were given 

three practice with grids consisting of 4 black and 4 white trials (complexity level 4). 
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The test trials then began at level 4, with two additional squares then being added to 

the grid with each increasing level of complexity. For each level, three distinct patterns 

were presented, and the test continued until participants completed the highest level 

(15) or failed to correctly recall at least one pattern at a given level. Each participant’s 

overall VPT score was then calculated as the average of the three highest scores (i.e. 

three most recent correct responses) obtained by the participant. The patterns were 

presented using E-Prime 2.0 and responses were recorded on paper templates.  

Visuo-spatial working memory was also assessed using a computerised version of the 

Corsi blocks task (Corsi, 1973), administered through Psytoolkit (Stoet, 2010). In this 

test, a series of pink squares were presented on a black background, with two squares 

then sequentially changing to yellow for 300ms. Participants were required to then 

reproduce the sequence by clicking on the squares which changed to yellow in the 

correct order before clicking ‘done’ to indicate completion. Participants then received 

visual feedback on the accuracy of their response. If the correct sequence was entered, 

participants proceeded to the next level, whereby the number of squares to be recalled 

increased by increments of one. If participants did not enter the sequence accurately, 

they were then given two further attempts at that level of difficulty before the test was 

terminated. Visuo-spatial span was recorded as the highest number of blocks for which 

the sequence was correctly recalled. 

Updating 

Updating is an executive function which involves the continuous monitoring and 

updating of information held in working memory (Jonides & Smith, 1997). A common 

test used to assess updating is the N-Back test (Benedek et al., 2014b; Kirchner, 1958), 

in which participants are presented with a series of stimuli and required to 

continuously maintain the stimuli presented N trials ago in memory. In this study, both 
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the 2-back and 3-back versions were administered, each consisting of 100 trials. For 

each test, a series of 100 letters from a set of 15 were presented on the screen for 2 

seconds each. If participants judged the on-screen letter to be the same as N trials ago, 

they were required to press ‘m’ on the keyboard. If they judged them to be different, 

they were required to press n. For both the 2-back and 3-back task, participant’s 

accuracy was scored as number of correct responses/total number of trials. Both tests 

were administered using Psytoolkit (Stoet, 2010).  

3.3.2.3 Intelligence 

Fluid intelligence (Gf)  

To obtain a measure of Gf, participants completed Set II of the Advanced Progressive 

Matrices (APM) (Raven et al., 1998). This set consists of 36 multiple choice items where 

participants are asked to identify the missing piece which completes a presented 

pattern. Participants were given a maximum time limit of 40 minutes to complete the 

36 items. The total number of correct answers was recorded for each participant. 

Crystallised intelligence (Gc) 

Gc is often measured using vocabulary tests (Beaty et al., 2014b; Frith et al., 2019). In 

this study, the National Adult Reading Test (NART; (Nelson, 1982) was administered to 

assess Gc. This test requires participants to presented read out a list of 50 words which 

become increasingly unusual and difficult to pronounce. The number of pronunciation 

errors was recorded and used to calculate a verbal IQ score for each participant 

(Predicted Verbal IQ = 129 – 0.92*(no. errors)).  
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3.3.2.4 Mental rotation/imagery tests 

Mental Rotation Test 

Participants completed a redrawn version of Vandenberg and Kuse's (1978) Mental 

Rotations test (Peters et al., 1995). In this test, participants were presented with a 3D 

target shape along with four other shapes, two of which were rotated forms of the 

target. Participants were tasked with identifying which of the two shapes were rotated 

versions of the target. The test consisted of 24 items, with a maximum time limit of 

three minutes per each 6 items.  

Vividness of Visual Imagery Questionnaire (VVIQ) 

The VVIQ (Marks, 1973) consisted of 16 items in which participants were asked to 

mental visualise a range of scenarios (e.g. a rising sun) and then rate the vividness of 

the image from 1-5. Participants’ individual score for each item was then summed to 

give an overall VVIQ score.  

Paper Folding Test 

In this multiple-choice task developed by Ekstrom et al., (1976), participants were 

presented with images of pieces of paper which had been folded several times and 

punched with holes. For each image, participants had to choose from 5 alternatives the 

image corresponding to how the paper would look when unfolded. A total of 20 items 

were presented and participants had 6 minutes to complete as many items as possible.  

3.3.2.5 Divergent thinking  

Participants completed the Abbreviated Torrance Test for Adults (ATTA; Goff & 

Torrance, 2002; Torrance, 1974) as a measure of divergent thinking. This test consists 
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of three activities (one verbal, two visual/figural). In the first activity, participants were 

asked to write down as many problems as possible that would result from having the 

ability to fly or walk on air. In the second activity, participants were presented with 

incomplete fragments of pictures and required to complete these by adding more 

details. In the third activity, participants were presented with triangles and asked to 

add detail in order to generate complete pictures. Each activity had a time limit of 3 

minutes. Each activity was scores for fluency (number of distinct responses) and 

originality (response scored as original if not present on a standard list of frequent 

responses; Goff & Torrance, 2002). The two figural creativity tests were also scored for 

elaboration, with a point awarded for each non-essential detail of the completed image. 

For the final test, a flexibility score was also awarded to reflect the number of different 

ways the triangles were used to make completed images. In addition to raw scores, 

participants were also assigned a normalised scale score between 11 and 19 for the 

above metrics (fluency, originality etc.). These were based on a norming sample of 240 

adults (Torrance & Goff, 2002).  

3.3.2.6 Ideation tasks 

Participants were presented with a set of 10 open-ended concept generation tasks, in 

which they were given up to 6 minutes to generate and sketch up to three concepts in 

response to a short design brief (e.g. Chores such as cooking and cleaning may be 

difficult for wheelchair users due to space and height limitations. Generate concepts for 

products that may facilitate domestic chores for wheelchair users.) An example sketch 

produced for this task is presented in figure 3-1). For a full list of the 10 ideation tasks 

used see appendix 1. 

The 10 tasks were a subset of a larger series of tasks used in an fMRI study by the 

Imagine-D project (Hay et al., 2019a). This series of tasks were developed using a 
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number of sources, including student design projects within the University of 

Strathclyde as well as from activities within the wider design community (e.g. design 

competitions). 

 

Figure 3-1. Example concept sketch produced by participant in the study 

 

A relatively high number of ideation tasks were used to yield a more robust 

measurement of participants’ ideation performance given that, in general, increasing 

the number of samples increases the reliability of the data. It was also beneficial in that 

it gave a reflection of participants’ ideation performance across a diverse range of 

problems, and helped control for variance in domain-knowledge across participants. A 

6-minute time limit was set on each ideation task to avoid participants spending a 

disproportionate amount of time on a given task, as well as to limit the overall duration 

of the experiment. Finally, the maximum limit of three concepts per task was aimed to 
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ensure the overall number of concepts generated in this study was not too large, given 

the time and resource intensive nature of the concept assessment procedure (see 

section 3.3.3).  

In five of the tasks, participants were permitted to sketch while they were generating 

ideas (‘sketching combined’ condition). In the other five tasks, participants were only 

permitted to sketch their ideas after mentally generating them (‘sketching separate’ 

condition). The latter condition was included as preparation for the aforementioned 

fMRI study of design ideation which also had participants ideate and sketch separately. 

Since the goal of the present study was to investigate the cognitive processes involved 

in design ideation as it naturally occurs, only data from the ‘sketching combined’ 

condition were included in the analyses. Data from this condition were deemed to be 

more ecologically valid since designers typically sketch during ideation. Findings 

relating to the ‘sketching separately’ condition will be reported in another publication. 

In all tasks, the design brief was presented on a computer screen for 30 seconds or until 

the participant pressed the space bar. Participants were then required to begin 

generating a concept in response to the design brief. In both conditions, participants 

were asked to press ‘B’ when they had mentally generated a concept, and ‘M’ when they 

had completed the sketch. This cycle of generate and complete sketch continued until 

participants had sketched the maximum limit of 3 concepts, or until the 6-minute time 

limit had ran out. The order of tasks was randomised across participants, and the order 

of the separate and combined conditions was counterbalanced across participants. 

3.3.3 Novelty assessment of concepts 

In order to evaluate the novelty of participants’ concepts, a subjective scoring method 

was used whereby three independent raters (R1, R2 & R3) with design expertise 
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assessed concepts on a scale of 1 (least novel) to 7 (most novel). R1 was educated to 

masters level (5 years) in PDE, with 5 years experience in postgraduate PDE cognition 

research. R2 held a bachelors degree in Product Design and Innovation and had 5 years 

industrial experience in product development engineering. R3 held a bachelors degree 

in Industrial Design Technology as well as 10 years industrial experience and 26 years 

teaching experience in product design. R1 assessed the full sample of concepts (n= 

937), while R2 and R3 assessed all concepts generated in three of the tasks (n=266; 

28.38% of full sample). As a general rule of thumb, a subset of 10% of the full sample is 

considered sufficiently large for conducting inter-rater reliability analyses (Campbell et 

al., 2013; Hay et al., 2019b). To assess inter-rater reliability, Cronbach’s alpha was 

calculated, which gives a measure of consistency (i.e. extent to which judges’ ratings 

correlate in an additive manner, Koo & Li, 2016) and can be used with three or more 

raters (Liao et al., 2010; Multon, 2010). The Cronbach’s alpha was .762, indicating a 

good level of consistency between the raters (Amabile, 1996; Baer et al., 2004).  

In several respects, the rating method used for this study was similar to the consensual 

assessment technique (CAT; Amabile, 1982), a reliable and widely used method of 

creativity assessment (Baer & McKool, 2009; Carson, 2006; Kaufman et al., 2008a). This 

approach requires multiple judges to assess participants’ responses according to their 

own subjective definition of the construct being assessed (e.g. creativity, novelty). The 

judges employed should be “appropriate observers” i.e. “those familiar with the domain 

in which the product was created or the response articulated” (Amabile, 1982, p.1001). 

The requirement that judges be experts is important as expert judges tend to show 

higher agreement ratings compared with non-experts, thus expert ratings are 

considered more reliable (Kaufman et al., 2008b). A final aspect of the CAT worth 

noting is that judges are required to rate participants’ outputs relative to one another, 

rather than against some external, standard criteria.  
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Consistent with this approach, all the judges used in this study had expertise in product 

design. They were also instructed to use their own subjective definition of novelty, and 

to use the full scale and rate concepts relative to one another. However, unlike the CAT 

method, they were also asked to consider products that already exist when making 

judgements. In addition, the CAT typically involves all judges rating all concepts in the 

sample. In the present study, this was not feasible due to the large sample size and high 

volume of concepts produced. While previous studies of design employing the CAT 

method have had judges rate the full sample of concepts, these studies have typically 

used sample sizes considerably smaller than the current study (e.g. Christiaans & 

Venselaar, 2005, n=55; Pektas, 2010, n=46).   

3.4 Results 

The three main analyses conducted on the data, i.e. correlation, moderation, and 

multiple regression analysis, are reported in the following sub-sections. Note that the 

results of the moderation analysis are reported before the main regression analysis 

because any significant moderation effects were included as predictors in the main 

multiple regression analysis.  

Note that there were a small number of missing values in the data set (n=4) with one 

participant having not completed the Simon task nor the 3-back task; and two other 

participants having not completed the Visual Patterns Task. Therefore, any analyses 

involving these tasks were ran with slightly fewer participants (Simon task = 100; 3-

back task = 100, Visual Patterns task = 99).  

3.4.1 Correlations 

Pearson’s correlations were examined between all measures in the study, and are 

displayed in table 3-2. This section will focus on the different cognitive processes and 
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their correlations with a) design novelty and with b) divergent thinking. Note that 

correlations are significant at the p<.05 level, and any reference to effect sizes follows 

Cohen’s (1992) conventions i.e. correlations around .1 are weak, those around .3 are 

moderate, and those around .5 or higher are strong.  

Correlations with design novelty 

Design novelty was positively and significantly correlated with associative flexibility (r 

= 2.49), Gr (r=.288) and Gf (r=.208). A significant, positive correlation was also 

observed between novelty and the Simon effect (r=.226). However, since higher Simon 

effect scores indicate lower inhibition, this correlation actually indicates a negative 

relationship between novelty and inhibition. All of the above effect sizes were generally 

in the weak to moderate range. Scatterplots displaying each of the effects are presented 

in figure 3-2. Note that there was no significant relationship between design novelty 

and divergent thinking (r=.052). Correlations between design novelty and all other 

measures were also non-significant (all p<.05).  

Correlations with divergent thinking 

Significant, positive correlations were found between divergent thinking and the two 

measures of semantic association, with a moderate (fluency, r=.365) and strong effect 

size (flexibility, r=.494) respectively. The positive correlation between divergent 

thinking and Gr was significant with weak effect size (r=.239). Scatterplots displaying 

the above effects are presented in figure 3-3. All other correlations with divergent 

thinking were non-significant (all p>.05). 
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Table 3-2. Descriptive statistics and Pearson’s correlations for all measures 

 M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. Design 
Novelty 

3.27 .61 1                

2. Associative 
fluency 

12.21 3.64 .184 1               

3. Associative 
flexibility 

14.02 4.13 .249* .665** 1              

4. Gr 11.78 3.42 .288** .327** .432** 1             

5. Simon 
effect 

23.20 30.71 .226* -.018 -.069 .040 1            

6. Stroop  
Effect 

88.76 69.54 -.077 .058 .129 -.046 -.104 1           

7. 2-back  .85 .17 -.114 .118 .125 .071 .048 .050 1          

8. 3-back  .77 .14 -.096 .041 .044 .041 -.012 .083 .755** 1         

9. Gf 25.08 5.05 .208* .094 .046 .249* .087 -.129 .093 .086 1        

10. Gc 111.35 4.84 .020 .113 .334** .275** .091 -.095 .037 .060 .221* 1       

11. VPT 9.99 1.72 .005 -.003 .031 .225* -.080 0.063 .192 .261** .357** .168 1      

12. Corsi 
blocks 

6.43 1..24 -.086 -.081 -.094 -.151 .105 .145 -.094 -.020 .020 .081 .204* 1     

13. PFT 14.92 3.16 -.005 .207* .209* .068 .080 .066 .271** .318** .332** .193 .228* .114 1    

14. MRT 17.26 5.10 -.096 -.051 .119 .206* -.066 -.063 .073 .163 .319** .245* 314**. .136 .352** 1   

15. VVIQ 56.73 9.46 -.043 .042 .030 -.018 -.025 -.002 -.186 -.141 .056 -.138 -.081 -.152 -.255* -.099 1  

16. ATTA 64.06 7.83 .052 .365** .494** .239* -.189 .170 .017 -.050 -.018 .081 -.050 -.058 .155 -.025 .057 1 

VPT, Visual Patterns test; PFT, Paper Folding test; MRT, Mental Rotation Test; VVIQ, Vividness of Visual Imagery Questionnaire; ATTA, Abbreviated 
Torrance Test for Adults. **, Correlation significant at the .01 level; *, Correlation significant at the .05 level.  
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Figure 3-2. Correlations between Design novelty and Associative flexibility, Gr, Gf and Simon effect 
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Figure 3-3. Correlations between Divergent thinking and Associative fluency, Associative flexibility and Gr 
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3.4.2 Moderation analysis 

Having examined correlations among each of the cognitive domains, moderation 

analysis was then explored, with focus firstly on design novelty and then divergent 

thinking as the dependent variables (DV). This involved use of multiple regression 

analysis and so it was firstly confirmed that the data met the assumptions for this 

analysis.  

For clarification of terms, note that when reporting the overall significance of 

regression models, R2 refers to how much variance in the dependent variable can be 

accounted for by the regression model (e.g. R2 =.30 indicates that the model explains 

30% of variance in the dependent variable). When reporting the significance of each 

independent variable (IV; also called predictor) on the model, B, SEB and β are provided. 

B values (or unstandardised coefficients) are used to predict scores on the dependent 

variable based on the predictor variable. Specifically, for every 1 unit increase in the 

predictor variable, the dependent variable will increase by the value of B (or decrease, 

where B is negative). Note that B values are unstandardised (i.e. they reflect the 

original unit of measurement used for that variable) and so cannot be meaningfully 

compared with other B values). The standard error (SEB) is a measure of the precision 

of the coefficients estimate, with smaller SEs indicating higher precision. Finally, β 

(beta-value) is a standardised version of B, and so can be compared with other β values 

in order to estimate their relative contribution to variance in the dependent variable.   

All tests for moderation were conducted in the same way. Firstly, since moderation can 

only occur when both the hypothesised independent variable (IV) and moderator 

variable (M) are significantly associated with the DV, only those processes that were 

shown to be significantly correlated with the DV were tested for moderation. If the 
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hypothesised IV and hypothesised moderator variable (M) were both significantly 

correlated with the DV, an initial multiple linear regression analysis was conducted 

including only the IV and M as predictors. If both predictors were significant, as well as 

the overall model, a second regression model was generated which included the 

interaction term between the IV and M as an additional predictor. The interaction term 

was calculated by multiplying each participants’ score on the IV by their score on M. 

Note that on this second model both the IV and M variables were standardised to 

reduce high collinearity with the interaction term (Aiken et al., 1991).  

The occurrence of moderation was then established by examining if a) the second 

model with the interaction term explained more variance than the first model 

(indicated by a significant R2 change (ΔR2)) and b) if the interaction term was a 

significant predictor of the DV on the regression model. The presence of both confirmed 

that significant moderation was occurring, and the effect was then visualised in graph 

format to facilitate interpretation.   

3.4.2.1 Moderation of the relationships between different cognitive 

processes and novelty 

In section 3.2.5, several moderation effects were hypothesised regarding potential 

moderators of relationships between design novelty as the DV and a number of 

cognitive processes as IVs. The specific hypotheses are re-stated below and the results 

of the moderation analyses are reported.   

Novelty-Associative flexibility  

The correlation analysis revealed that associative flexibility was significantly associated 

with novelty, as expected. It was hypothesised that working memory may be significant 
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moderator of this relationship. However, since none of the working memory measures 

were significantly correlated with novelty, the data did not support this hypothesis.  

Novelty-Gr  

Novelty and Gr were found to be positively correlated. It was proposed that semantic 

association and/or mental imagery may moderate this relationship. Since none of the 

mental imagery measures (MRT, PFT, VIVIQ) were significantly correlated with novelty, 

only the former was examined for moderation.  

An initial regression model with Gr and associative flexibility as predictors was 

significant, R2 =.084, F(2,98)=5.56, p=.005. However, the second model with the 

interaction term included did not result in a significant change in R2, ΔR2 = .000, ΔF(1, 

97)=.002, p=.967. This suggested that inclusion of the interaction term in the model did 

not account for significantly more variance in novelty score than the first model, i.e. 

without the interaction term. Thus, the hypothesis that associative flexibility moderates 

the relationship between novelty and Gr was not supported.  

Novelty-Inhibition  

The correlation analyses revealed that the inhibition (Simon effect only) was 

significantly and negatively associated with design novelty. It was proposed that Gf 

and/or Gc may be potential moderators of a negative relationship between inhibition 

and novelty. Of these two, only Gf was significantly correlated with novelty and so only 

this process was tested as a moderator. The initial regression model was significant, R2 

=.084, F(2,97) = 4.461, p =.014. However, a further model with the interaction term 

included did not result in a significant R2 change, ΔR2 = .023, ΔF(1, 96)=.2.426, 

p=.123.Thus, the hypothesis that Gf moderates the relationship between novelty and 

inhibition was not supported.  
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Novelty-Gf  

Gf was significantly correlated with novelty, as expected. It was hypothesised that this 

relationship may be moderated by Gr and/or working memory. Working memory was 

ruled out as a moderator given its lack of significant correlation with novelty. 

Regarding Gr, the initial regression model with Gf and Gr as predictors was significant, 

R2 =.084., F(2,98 ) =5.599, p =.005, however the second model with the interaction term 

included did not result in a significant R2 change and so the hypothesis was not 

supported, ΔR2 = .013, ΔF(1,97)=1.456, p=.231. 

Novelty-Gc  

With regards to Gc, it was proposed that Gc would be positively related to ideation 

novelty. Moreover, it was hypothesised that Gr, working memory and/or semantic 

associative processes may moderate this relationship. However, since the correlation 

between novelty and Gc was non-significant, such hypotheses were not supported.  

Moderators of the novelty-mental imagery relationship  

It was hypothesised that one or more of the mental imagery measures (PFT, MRT, 

VVIQ) would be positively associated with design novelty. It was also hypothesised that 

visual working memory capacity (VPT and/or Corsi) may moderate the relationship 

between mental imagery processing and novelty. However, since none of the mental 

imagery processes, nor either of the visual working memory processes, were 

significantly correlated with novelty, the data did not support these hypotheses. 

Novelty-Divergent thinking 

It was proposed that divergent thinking may be positively related to design novelty. 

Moreover, Gf was hypothesised as a potential moderator of this relationship. Since the 
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data indicated no significant correlation between novelty and divergent thinking, these 

hypotheses were not supported.  

3.4.2.2 Moderation of the relationships between different cognitive 

processes and divergent thinking  

Having examined moderation effects with design novelty as the DV, potential 

moderators were then examined with divergent thinking as the DV. The correlation 

analyses suggested that only semantic associative processes (both fluency and 

flexibility) and Gr were significantly associated with Gr. Thus, only these processes 

were considered for further moderation analyses.   

It was originally hypothesised that semantic association may moderate the relationship 

between design novelty and Gr. While the data did not support this hypothesis, it was 

examined whether it might hold with regards to divergent thinking, rather than design 

novelty as the DV. That is, it was examined whether semantic association moderates 

the relationship between divergent thinking and Gr.  

This was firstly tested with Gr and associative fluency. The initial multiple regression 

model was significant, R2 =.132, F(2,98) =8.587, p =.001. However, the second model 

with the inclusion of the interaction term did not result in a significant R2 change, ΔR2 

= .003, ΔF(1, 97)=.390, p=.534. 

With respect to Gr and associative flexibility, the initial model was significant, R2 =.245, 

F(2,98) =15.910, p <.001. Furthermore, the second model with the interaction term 

included was also found to result in a significant R2 change, ΔR2 = .042, ΔF(1, 97)=5.727, 

p = .019, and the interaction term explained a significant amount of variance in 

divergent thinking (B =-.1218, SEB=.051, p =.017). This showed that significant 

moderation was occurring. The interaction plot (see figure 3-4) suggested that at low 
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levels of associative flexibility, there was a positive relationship between Gr and 

divergent thinking score. However, at high levels of associated flexibility, there was a 

negative relationship between Gr and divergent thinking. Thus, associative flexibility 

had a reverse moderation effect on the relationship between divergent thinking and 

novelty.  

 

Figure 3-4. The relationship between Divergent thinking and Gr at low, medium, and high levels 
of Associative Flexibility. 

 

3.4.3 Examination of the variance in novelty scores accounted for by the 

cognitive processes 

Having explored moderation effects, it was then examined how much variance in 

design novelty could be explained by scores across all of the cognitive measures. To do 

this, a multiple regression analysis was conducted with design novelty as the DV and all 

of the cognitive test scores as predictors. However, the 2-back was not included due to 

its high correlation with 3-back (r=.755), since overly high correlations between 
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independent variables in regression analysis can cause issues with interpreting 

findings (Johnston et al., 2018).  

The overall model was significant, R2 =.260, F(14, 83) =2.084, p <.021. Results for each 

predictor, including the unstandardised coefficient (B), standard error of the coefficient 

(SEB), standardised coefficient (β) and significance level are presented in table 3-3.  

Table 3-3. Unstandardised coefficient (B), Standard error of the coefficient (SEB), 
Standardised coefficient (β) and significance level for each predictor of design novelty 

 B SEB β p 
Associative 
fluency  

-0.014 0.023 -0.085 0.526 

Associative 
flexibility  

0.050 0.023 0.342 0.028 

Gr 0.040 0.021 0.226 0.058 
Simon effect  0.004 0.002 0.213 0.039 
Stroop effect  0.000 0.001 -0.037 0.723 
Three-back  -0.421 0.468 -0.094 0.370 
Visual Patterns 
Task  

0.003 0.040 0.008 0.943 

Corsi Blocks -0.004 0.051 -0.009 0.931 
Gf  0.027 0.014 0.221 0.055 
Gc -0.027 0.014 -0.209 0.063 

Paper Folding 
Task  

-0.012 0.023 -0.062 0.606 

Mental 
Rotation Task 

-0.018 0.013 -0.149 0.194 

Vividness of 
Visual Imagery  

-0.009 0.007 -0.139 0.171 

Divergent 
thinking  

-0.007 0.009 -0.089 0.437 

 

Design novelty was significantly and positively predicted by associative flexibility (B 

=.050, SEB =.023, β=.342, p =.028) and Simon effect (B =.004, SEB = .002, β=.213, p 

=.039), again the latter suggesting a negative relationship between inhibition and 

novelty. The predictors Gr (B =.040, SEB =.021, β=.226, p =.058) and Gf (B =.027, SEB 
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=.014, β=.221, p =.055) were also approaching significance. All other predictors were 

non-significant (p<.05). 

3.4.4 Examination of the variance in divergent thinking accounted for by 

the cognitive processes 

For comparison with the above, it was then examined how much variance the cognitive 

tests could explain in divergent thinking score, rather than design novelty. A multiple 

regression analysis was conducted with divergent thinking as the DV and all other 

measures (except 2-back and Design Novelty) as predictors. The interaction term 

between Gr and associative flexibility was also included in the model. The model was 

significant overall, R2 =.342, F(14, 83) = 3.086, p =.001. Results for each predictor are 

presented in table 3-4. 

Table 3-4. Unstandardised coefficient (B), Standard error of the coefficient (SEB), 
Standardised coefficient (β) and significance level for each predictor of divergent 
thinking. 

 B SEB Β p 
Associative 
fluency  

-0.051 0.278 -0.023 0.856 

Associative 
flexibility  

2.136 0.815 1.121 0.010 

Gr 1.905 0.913 0.833 0.040 
Associative 
flexibility X Gr  

-0.109 0.061 -1.219 0.075 

Simon effect  -0.044 0.024 -0.174 0.068 
Stroop effect  0.009 0.011 0.074 0.450 
Three-back  -5.683 5.661 -0.098 0.318 
Visual Patterns 
Task  

-0.286 0.489 -0.062 0.560 

Corsi Blocks -0.038 0.641 -0.006 0.953 
Gf  0.026 0.170 0.017 0.880 
Gc -0.050 0.173 -0.030 0.774 
Paper Folding 
Task  

0.358 0.276 0.145 0.198 

Mental 
Rotation Task 

-0.168 0.163 -0.110 0.307 

Vividness of 
Visual Imagery  

0.064 0.083 0.075 0.442 
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Associative flexibility (B =2.136, SEB =.815, β=1.121, p =.010) and Gr (B =1.905, SEB 

=.913, β=.833, p =.040) were found to be positive and significant predictors of 

divergent thinking on the model. All other predictors were non-significant (p<.05). 

Thus, comparing the above two models suggests that overall, the cognitive tests 

accounted for a larger portion of the variance in divergent thinking (R2 =.342) than 

design novelty (R2 =.260).  

Note, however, that on the design novelty model, ATTA was included as a cognitive 

predictor, whereas on the divergent thinking model design novelty was not a predictor. 

For a fairer comparison, a final model was generated with design novelty as the DV 

without ATTA included as a predictor. This only led to a marginal decrease in the 

amount of variance explained by the model, R2 =.255, F(13,84) =2.208, p= .016. 

3.5 Discussion 

The present study aimed to examine the cognitive processes associated with the 

generation of novel design concepts. The results revealed that novelty was significantly 

and positively correlated with associative flexibility, Gr and Gf. The positive correlation 

between novelty and associative fluency was also approaching significance. In addition, 

a significant, negative correlation between novelty and inhibition was observed. 

Notably, there was no significant correlation between novelty and divergent thinking. 

Thus, while divergent thinking is widely used as a measure of creativity, the results 

suggest divergent thinking is distinctly different from idea generation in design. 

Furthermore, moderation effects were examined, both with design novelty and 

divergent thinking as the dependent variable. No evidence for moderation effects were 

found with regards to design novelty. However, the relationship between divergent 

thinking and Gr was found to be moderated by associative flexibility. Finally, using 
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multiple regression analysis, it was found that 26% of the variance in design novelty 

could be accounted for by variance in the cognitive test scores. By contrast, a similar 

model with divergent thinking as the dependent variable suggested that 34.2% of the 

variance in divergent thinking could be explained by the cognitive predictors. In the 

following section, the above findings will be discussed in more detail, firstly with focus 

on each of the cognitive processes assessed and their relationship (or lack of 

relationship) with design novelty in the current study. Following this, the implications 

of the findings regarding the influence of mood during incubation will be discussed. 

Finally, discussion is provided relating to the overall variance accounted for in ideation 

by the cognitive processes assessed. 

3.5.1 Semantic association 

Semantic association is one of cognitive processes most commonly associated with 

creative cognition (Abraham & Bubic, 2015; Beaty et al., 2020; Benedek et al., 2012b). 

Thus, it is unsurprising that associative flexibility was significantly and positively 

correlated with novelty, and furthermore, was found to significantly predict novelty 

scores in the regression model. In addition, the correlation between novelty and 

associative fluency was also approaching significance (p=.066). Finally, both measures 

of associative processing were significantly and positively correlated with divergent 

thinking. Note, however, that the hypothesis that the relationship between design 

novelty and semantic association would be moderated by working memory was not 

supported by the data.  

Overall, the results are consistent with a broad range of findings across the creativity 

(e.g. Beaty et al., 2014b; Benedek et al., 2012b; Kenett & Faust, 2019) and design 

literature (e.g. Georgiev & Georgiev, 2018; Jin & Benami, 2010) suggesting that the 
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forming of associations between semantic concepts stored in memory is fundamental 

to the generation of novel ideas. 

3.5.2 Executive functions 

The present investigation also examined the relationships between three executive 

functions (Gr, WM & inhibition) and ideation novelty. Findings relating to each will now 

be discussed in turn.  

Gr 

A significant, positive correlation was observed between ideation novelty and broad 

retrieval ability (Gr), i.e. the controlled retrieval of information stored in long term 

memory (Carroll, 1993). Gr was also positively associated with divergent thinking, a 

finding which has been observed in several previous studies (Beaty et al., 2014b; Frith 

et al., 2019; Gilhooly et al., 2007; Silvia et al., 2013). The hypothesis that the 

relationship between design novelty and Gr would be moderated by semantic 

association and mental imagery was not supported. However, associative flexibility was 

found to moderate the relationship between divergent thinking and Gr, such that at low 

levels of associative flexibility, Gr was positively related to divergent thinking, but at 

higher levels of associative flexibility, the relationship between Gr and divergent 

thinking was negative. 

Gr is typically assessed using verbal fluency (as in the current study) and is argued to 

be a measure of executive functioning in that successful performance requires 

suppressing interference from previous and/or incorrect responses as well strategic 

search for sub-categories (which contain relevant items) as well as switching to a new 

category once the current one has been exhausted (Beaty et al., 2014b; Rosen & Engle, 
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1997; Silvia et al., 2013; Troyer et al., 1998; Unsworth et al., 2011). Gr is thus held to 

support creativity through strategic memory search, management of interference from 

various sources (e.g. inappropriate ideas) as well as switching between strategies 

(Beaty et al., 2014b; Silvia et al., 2013). While Gr is widely held to be a measure of 

executive functioning, several theorists maintain that it to some extent involves more 

automatic semantic spreading activation (Rosen & Engle, 1997; Troyer et al., 1998). For 

instance, Rosen and Engle, (1997) argue that during verbal fluency tasks, relevant 

items are accessed via automatic spreading activation in semantic memory (from the 

cue to related nodes). 

However, the moderation analysis suggested a complex relationship between Gr and 

associative flexibility during creative ideation, at least with respect to divergent 

thinking (no moderation effects were found for design novelty). Specifically, it was 

found that at low levels of associative flexibility, Gr facilitated divergent thinking, but at 

higher levels of associative flexibility, Gr impaired divergent thinking. It is difficult to 

provide a definitive interpretation of this, but one tentative explanation is that, for 

individuals who are less capable of generating a high number of associations (i.e. have 

low associative flexibility), the executive aspects of Gr can compensate for this by 

allowing concepts to be accessed through strategic search of long term memory and 

controlled retrieval processes. Conversely, for individuals who are more adept at 

generating associations between concepts (i.e. have high associative flexibility), the 

more controlled, strategic aspects of Gr are no longer required and in fact hinder 

ideation. This can be related to the notion that aspects of executive cognition such as 

interference management and inhibitory control can, at least under some 

circumstances, be a hindrance to creativity (see following sub-section on inhibition). 

However, it is emphasised that this explanation is tentative and that future work is 

needed to explore the interaction between Gr and associative processing in more 
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depth. Future work should also address why this effect occurs with respect to divergent 

thinking but not design ideation. 

Inhibition 

The current study found some evidence to suggest that lower levels of inhibition may 

be favorable to the generation of novel ideas. This was indicated by the significant 

positive correlation between Simon effect scores and novelty, as well as the fact that 

Simon effect scores positively predicted novelty scores in the regression model. Longer 

Simon effect scores indicate lower levels of inhibitory control, as they show that longer 

processing times were required to suppress a prepotent response. These findings 

therefore suggest that lower levels of inhibition may facilitate novel idea generation. 

However, there was no evidence for the hypothesis that the negative relationship 

design novelty and inhibition would be moderated by intelligence (i.e. Gf and/or Gc). 

The negative novelty-inhibition relationship observed here contrasts with recent 

accounts emphasizing the important role of inhibition during creative ideation, i.e. in 

the suppression of inappropriate and/or unoriginal ideas (Benedek et al., 2012a; 

Benedek et al., 2014b). The findings are more consistent with the view that cognitive 

disinhibition aids in the generation of novel ideas (Eysenck, 1993; Martindale, 1995). 

Martindale (1995), for instance, argues that the level of spreading activation across a 

semantic network depends on an individuals’ attentional state. During states of focused 

attention, only a small number of nodes (which represent concepts) are activated, with 

other surrounding nodes being inhibited from activating. However, during a state of 

defocused attention inhibition levels are reduced and activation spreads across nodes 

in the network. This increased spreading activation caused by disinhibition is assumed 

to increase the likelihood that novel remote associations will be formed. A similar 

theory is proposed by Eysenck (1993), however, a key difference between the two 
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theories is that while Eysenck (1993) suggested cognitive disinhibition was a 

personality trait associated with creativity, Martindale’s (1995) account proposes that 

creative individuals can flexibly switch between states of focused versus unfocused 

attention in accordance with task demands (Vartanian, 2002).  

On the other hand, performance of the Stroop task, which is also a measure of 

inhibition, did not show any association with novelty scores in the present study. This 

is likely due to the fact that the Stroop task and Simon task both involve different types 

of conflict resolution and appear to engage separate inhibitory mechanisms (Egner & 

Hirsch, 2005; Scerrati et al., 2017; Stürmer et al., 2002). In the case of the Stroop, names 

of colours are presented on the screen (e.g. ‘blue’, ‘red’, ‘green’), and participants are 

required to respond to the font colour in which the words are presented. Participants 

tend to respond slower on trials in which the word-names are incompatible (e.g. the 

word ‘blue’ in red ink) rather than compatible (e.g. the word ‘blue’ in blue ink). This 

form of conflict is referred to as stimulus-based conflict (Egner et al., 2007) and reflects 

an incompatibility between relevant stimuli (i.e. font colour) and irrelevant stimuli (i.e. 

the colour name). Evidence indicates that successful resolution of this conflict involves 

a biasing of sensory processing towards task-relevant (as opposed to task-irrelevant) 

stimuli (Egner et al., 2007; Egner & Hirsch, 2005).  

On the Simon task, by contrast, participants are required to respond to the word ‘left’ 

using their left hand, and the word ‘right’ using their right hand (although many 

variants of the task exist; Luo & Proctor, 2018). Participants tend to respond faster 

when the stimulus word and spatial location are congruent (e.g. word ‘left’ presented 

on the left side) as compared to incongruent (e.g. word ‘left’ presented on the right 

side). Thus, conflict stems from incompatibility between an irrelevant stimulus feature 

(i.e. spatial location) and a relevant response dimension (i.e. location of response 



Chapter 3. Empirical Investigation of the Cognitive Processes Involved in Design Ideation 

123 
 

button; Scerrati et al., 2017). A common explanation for such ‘response-based’ conflict 

(Egner et al., 2007) is that there is a direct pathway of response activation between the 

irrelevant spatial location and the response set, such that presentation of the stimulus 

(e.g. on the left side) primes a spatially congruent response (i.e. with the left hand; (De 

Jong et al., 1994; Egner et al., 2007; Kornblum et al., 1990; Stürmer & Leuthold, 2003). 

Thus, conflict resolution on the Simon involves suppression of this response in favour 

of a more indirect route of activation i.e. between the relevant stimulus feature 

(whether the word is ‘left’ or ‘right’) and response set (Egner et al., 2007; Stürmer & 

Leuthold, 2003).  

In short, the Stroop task requires inhibitory control at the sensory-perceptual level, 

whereas the Simon task requires inhibitory control at the response-making or 

‘decisional level’ (Egner et al., 2007; Scerrati et al., 2017). Therefore, one tentative 

interpretation of the present findings, which observed a negative relationship only 

between Simon inhibition and novelty, is that lower inhibitory control at the decisional 

level is key for the generation of novel design concepts. That is, participants with lower 

levels of response inhibition (as measured by the Simon task) also generated more 

novel ideas because they were less inhibited and constrained in their decision-making 

tendencies, which lead to the exploration of more unconventional and unique 

perspectives and resulted in more novel outcomes being produced. This interpretation 

is consistent with the view that creativity is linked with behavioural disinhibition 

(Eysenck, 1993; Martindale, 1995), as well as evidence suggesting that creative 

individuals may be higher in impulsivity (Burch et al., 2006; Schuldberg, 2001). 

However, it is nonetheless speculative and more research is further needed to explore 

the relationship between disinhibition and novel concept generation. 
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Working memory 

A final aspect of executive cognition that was examined in the present study was 

working memory. No evidence of a relationship between working memory and ideation 

novelty was observed here, with neither updating performance nor visuo-spatial 

working memory capacity showing correlations with novelty. This runs contrary to the 

general consensus that working memory plays an important role in the creative 

process. Benedek et al. (2014b), for instance, suggest that higher working memory 

capacity facilitates associative combination processes in that a higher number of 

concepts can be held and manipulated during the task. Consistent with this, several 

studies have found positive associations between divergent thinking and working 

memory (Benedek et al., 2014b; de Dreu et al., 2012; Oberauer et al., 2008). A number 

of studies in the design literature have also suggested that working memory plays an 

important role in the ideation process (Bilda & Gero, 2007; Dumas et al., 2016). For 

instance, Dumas et al. (2016) observed positive correlations between working memory 

capacity and both fluency and novelty on a design ideation task.  

However, it should be noted that a number of studies have found no evidence for a 

relationship between working memory and creative ideation (Lee & Therriault, 2013; 

Takeuchi et al., 2011). In conjunction with the current results, this may suggest that the 

relationship between working memory and ideation is not straight forward and may be 

influenced by other variables. For example, one potential reason for the discrepancy 

between the findings of this study and those of Dumas et al. (2016) relates to 

differences in task duration between the two studies. In the current study, participants 

were required to work multiple ideation tasks, each lasting a relatively short duration 

(6 minutes max), whereas in Dumas et al.’s (2016) study, participants performed one 

ideation task over a longer duration (50 minutes in total). Therefore, one possible 
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explanation for why Dumas et al. (2016) found that working memory was related to 

ideation performance is that working memory is more important for longer ideation 

tasks, since more task-related information accumulates over time and needs to be 

continuously monitored and processed. This could involve processes such as updating 

task goals and sub-goals, as well as keeping track of previously generated ideas, all of 

which could benefit from working memory support. Future work is needed to further 

explore this possibility as well as to examine other potential moderators of the working 

memory-ideation relationship. 

3.5.3 Intelligence 

As discussed in section 3.2.1, theorists tend to distinguish between fluid intelligence 

(Gf) and crystallised intelligence (Gc). As expected, Gf was found to be significantly and 

positively correlated with novelty and was also found to significantly predict novelty 

scores. However, there was no evidence for the hypothesis that this relationship would 

be moderated by Gr and/or working memory. Finally, regarding Gc, there was no 

evidence that this was related to design novelty.  

Gf refers to the use of logic and abstract reasoning to solve new problems and adapt to 

novel situations (Jaeggi et al., 2008; Sanginabadi, 2020). Previous studies have 

observed positive correlations between Gf and divergent thinking (Beaty et al., 2014b; 

Cho et al., 2010; Frith et al., 2019; Kim, 2005; Nusbaum & Silvia, 2011), suggesting it is 

important in general creative cognition. Recent reviews focused on aspects of design 

cognition (Ball & Christensen, 2019; Hay et al., 2017b) have also emphasised that 

various forms of reasoning, notably inductive and abductive reasoning, play a key role 

in ideation.  
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Gf may also assist in the deployment of effective strategies during ideation. Nusbaum 

and Silvia, (2011) found that on a divergent thinking task, individuals higher in Gf were 

more likely to successfully use a strategy suggested to them by the researchers before 

the task commenced. In a design context, Dumas et al. (2016) found that individuals 

with higher relational reasoning ability more effectively implemented an ideation 

method (TRIZ) during a design task i.e. such individuals were more likely to generate 

novel solutions after using the method. Thus, the observed correlation between Gf and 

novelty in the present study may be due to individuals higher in Gf developing and 

executing strategies more effectively. However, there may be other mechanisms by 

which Gf aids ideation novelty and more research is needed to fully explore the 

relationship between the two.  

In contrast to Gf, Gc was not correlated with novelty in the present study. Gc refers to 

breadth and depth of acquired knowledge (Carroll, 1993; McGrew, 2005). Studies on 

general creativity tend to find positive associations between Gc and divergent thinking 

ability (Batey et al., 2009; Beaty & Silvia, 2013; Cho et al., 2010; Frith et al., 2019; Silvia 

et al., 2013), perhaps because individuals with larger conceptual knowledge have more 

material to retrieve and combine in order to form novel associations (Batey et al., 2009; 

Frith et al., 2019). However, Beaty et al. (2014b) found that Gc was less predictive of 

divergent thinking than Gf, suggesting that fluid intelligence may be more important 

during ideation.  

In the design literature, the concept of Gc has received very little attention, and the 

present findings suggest that it is not an important ability for the generation of novel 

concepts. Many researchers have emphasised the importance of a large knowledge 

base, though this tends to refer to domain-specific knowledge (Ball et al., 2004; 

Christensen & Ball, 2016; Cross, 2004). For instance, Ball et al. (2004) observed that 
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design experts have a large knowledge base accumulated through years of design 

experience, and also appear to retrieve and apply design-relevant knowledge more 

automatically and rapidly as compared with novices. In addition, having design groups 

in which members have experience and knowledge in different areas of design can 

positively impact the novelty of ideas generated (Ball & Christensen, 2019; Christensen 

& Ball, 2016). Such evidence indicates that depth and diversity knowledge is an 

important factor in design, though it appears to be domain-specific knowledge that is 

key, rather than the more general knowledge base associated with high crystallised 

intelligence. 

3.5.4 Mental Imagery 

The present study found no association between novelty and mental imagery tests 

(MRT, PFT, VVIQ), which is surprising given that mental imagery is assumed to play a 

key role in many aspects of creative cognition (Abraham & Windmann, 2007; Finke, 

1990; Pidgeon et al., 2016) and design ideation (Athavankar, 1997; Dahl et al., 2001; 

Hay et al., 2017b). For instance, Dahl et al. (2001) notes that mental imagery “enables 

the designer to understand the design problem, develop design solutions to the 

problem, and then evaluate the potential solutions that have been developed” (p6). 

There is also behavioural (Hay et al., 2017b) and neuroimaging evidence (Campbell et 

al., In preparation) to support the view that mental imagery is a fundamental part of 

ideation.  

While our results suggest no association between mental imagery and novel idea 

generation in design, it would be premature to dismiss its importance in the ideation 

process at this stage in light of the wider literature. It is more likely the case that mental 

imagery processes are required during ideation tasks, but do not specifically relate to 
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the generation of novel concepts. They may, however, contribute to other design 

outcomes such as elaboration (i.e. amount of detail in the sketch) or aesthetic value. 

Thus, there are several avenues of research to explore the potential outcomes that do 

relate to mental imagery.  

3.5.5 Divergent thinking  

Finally, the current study found that divergent thinking (assessed by the ATTA; Goff & 

Torrance, 2002), was not related to novelty scores on the ideation task. Divergent 

thinking tasks are considered a measure of creative potential, i.e. a person who scores 

highly on a divergent thinking task is thought to have high potential to produce creative 

work at some point in their life (Runco & Acar, 2012). Supporting this, there is evidence 

for the predictive validity of divergent thinking tasks with respect to real life creative 

achievements (Althuizen et al., 2010; Beaty et al., 2018; Runco, 1986), which may 

suggest that the cognitive processes involved in divergent thinking are to at least some 

extent reflective of the cognitive processes involved in domain-specific forms of 

creativity.  

However, only a few studies have examined the predictive validity of divergent 

thinking tasks in a design context. One study by Casakin et al. (2010) found that the Tel 

Aviv Creativity Test (TACT; MIlgrim & MIlgrim, 1976) predicted creative problem 

solving in Architects. Though the TACT is not a widely used measure of divergent 

thinking in modern creativity research, it does share some key similarities with 

Torrance Test (participants are encouraged to generate high number of responses, has 

verbal and figural component). In another study, however, Kwon et al. (2017) found 

that among scores on the TTCT, RAT and AUT, only the AUT was correlated with 

performance of an ideation task (generating ideas for bike accessories). While this lead 
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the authors to conclude that only the AUT has predictive validity in the product design 

field, the fact that participants in this sample were not from a design background limits 

the conclusions one can draw from this study. 

The study reported here found that neither total ATTA scores, nor scores on any 

individual facets of the ATTA (i.e. originality, flexibility etc.) were related to design 

novelty. Such a result may be taken as support for critics of divergent thinking as a 

measure of creativity such as Dietrich (2019), who suggests that the cognitive 

processes occurring across different domains of creativity are highly diverse and 

cannot be captured by generic divergent thinking tasks. Other authors have also 

commented on the fact that divergent thinking tasks fail to take into account the many 

factors that influence creativity, including education, domain expertise and socio-

cultural factors (Baer, 1998; Brown, 1989; Frith et al., 2019; Shah et al., 2012; Silvia et 

al., 2008). 

 An interesting question is whether, in light of the present findings, divergent thinking 

plays any role at all in design ideation. There is some evidence to suggest that designers 

explore a limited area of the solution space during ideation, selecting one idea early on 

in the process and refining developing it without consideration of alternatives (Ball et 

al., 2001; Ball & Christensen, 2019). Such an approach would seem to bear little 

relationship to the concept of divergent thinking, which places great emphasis in 

generating a high number of diverse solutions to an open-ended problem (Guilford, 

1950). 

On the other hand, many design theorists maintain that divergent thinking does play an 

important part in ideation. Tversky and Chou (2010), for instance, suggest that 

producing a high number of potential ideas via divergent thinking benefits design 

ideation in that it increases the likelihood that a novel and practical solution will 



Chapter 3. Empirical Investigation of the Cognitive Processes Involved in Design Ideation 

130 
 

eventually be realised. Many popular ideation techniques such as brainstorming and 6-

3-5 also place emphasis on the free and unconstrained generation of ideas, and likely 

rely on divergent thinking (Gero et al., 2013). Protocol evidence also suggests that 

divergent thinking plays an important role in design ideation (Goldschmidt, 2016).  

Rather than divergent thinking not playing a role in design ideation, it might rather be 

the case that the divergent thinking processes that occur in a design domain are 

different from those that occur in generic divergent thinking tasks, which would 

explain the lack of relationship observed in this study. This point is discussed by both 

Frith et al., (2019) and Baer (1998), who suggest that divergent thinking is likely 

involved in many different forms of creativity, though the nature of such processes may 

be different across fields; such that, for instance, the divergent thinking processes 

involved in design are likely to be different from those involved in poetry writing. It 

might also be the case, however, that other divergent thinking tests such as the 

alternative uses task, are more predictive of ideation performance than the ATTA. 

Indeed, this was suggested by the results of Kwon et al. (2017) study as described 

above. As noted, however, this study did not involve participants with a design 

background and future work is required to address whether the results can be 

replicated in a design population.  

3.5.6 Implications for the influence of mood during incubation 

A key aim of this thesis is to examine the influence of mood during incubation on 

subsequent design ideation. The present study was a preliminary investigation aimed 

towards identifying the processes involved in novel idea generation in design and 

whether these are known to be enhanced, or in any way influenced, by mood. In this 

section, each of the cognitive processes showing a relationship with novelty will be 
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discussed in terms of how they are influenced by mood. Research examining other, 

related types of affective state (e.g. emotion) are also included.  

Firstly, the findings suggested a role for semantic associative processing during novel 

ideation, which is noteworthy given that positive moods are widely held to enhance 

such processes (Ashby et al., 1999; Friedman & Förster, 2010; Rowe et al., 2007). For 

instance, several theorists contend that moods (both positive and negative) have 

different signalling functions which affect the individual’s mode of cognitive processing 

(Carver, 2003; Friedman & Förster, 2010; Hao et al., 2015). While negative moods are 

held to signal danger and restrict attentional scope, allowing the threat to be processed 

and a solution to be devised, positive moods are held to have the opposite effect, i.e. 

they broaden attention and facilitate an exploratory and playful mode of processing 

(Carver, 2003; Friedman & Förster, 2010; Schwarz, 1990, 1994). This broadening of 

attention is thought to be accompanied by an increase in activation across semantic 

memory networks, allowing access to a larger range of concepts (Derryberry & Tucker, 

1994; Friedman & Förster, 2010). Positive moods have also been linked with 

unconscious mode of processing, as opposed to negative moods, which are held to 

promote conscious and analytical thought (see Affective Modulation Framework; 

Rotteveel & Phaf, 2007). Since unconscious thought is held to be associative in nature 

(Dijksterhuis & Nordgren, 2006), this further suggests that positive moods facilitate 

associative processes. 

In terms of empirical evidence, one clear indication that positive moods influence 

associative processing is the observation that positive moods increase semantic 

priming effects (Corson, 2002; Hänze & Hesse, 1993; Topolinski & Deutsch, 2013). 

Semantic priming is a well-documented psychological phenomenon whereby exposure 

to a priming stimulus results in quicker responding to semantically related targets 
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(Hanze and Hesse, 1993). Semantic priming effects are typically explained in terms of 

semantic spreading activation, such that activation spreads from the prime to related 

targets, thereby increasing response times towards to the latter (Neely, 1991; Storbeck 

& Clore, 2008). In one study, it was found that very brief positive emotion inductions 

(i.e. a few seconds) increased semantic priming levels compared to negative emotion 

inductions (Topolinski & Deutsch, 2013). This effect was found to replicate with several 

emotion induction methods, such as presentation of consonant versus dissonant music 

chords, and brief exposure to happy versus sad faces. In addition, studies have shown 

that the RAT creativity task, which is assumed to involve spreading activation, can also 

be enhanced by both brief positive emotion inductions (Topolinski & Deutsch, 2012), as 

well as a more a more extended mood induction (Rowe et al., 2007). 

Finally, existing theoretical and empirical work on the incubation effect is highly 

relevant to the role of semantic processes. Specifically, theories of incubation predict 

that during incubation, unconscious task related processing occurs in the form of 

associative spreading activation through semantic networks (Dijksterhuis & Nordgren, 

2006; Gilhooly, 2016; Seifert et al., 1995). Consistent with this, studies find that 

incubation tasks that stimulate associative processes tend to be particularly effective in 

improving subsequent creativity (Baird et al., 2012; Hao et al., 2014; 2015). Notably, 

the study by Hao et al. (2015) found that brief, positive emotion inductions during 

incubation improved novelty of responses on the instances task (a divergent thinking 

task), an effect they suggested was due to positive emotion stimulating spreading 

activation during incubation.  

Overall, the above theoretical and empirical work, in conjunction with the present 

finding that associative flexibility was associated with design novelty, suggests that 
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inducing positive mood during incubation is likely to stimulate associative processes 

and increase subsequent novelty scores. 

With regards to Gr, which also significantly correlated with novelty in the present 

study, evidence suggests this too is enhanced by positive mood (Bartolic et al., 1999; 

Phillips et al., 2002). There is no definitive explanation for why this effect occurs 

although there are several possibilities. Gr is typically measured using verbal fluency 

tasks, as in the current study. Bartolic et al. (1999) reasoned that since both positive 

mood (Davidson, 1979) and verbal fluency tasks (Phelps et al., 1997) have been 

associated with greater activity in the left hemisphere, the increased cortical activation 

resulting from positive mood therefore boost verbal fluency performance. In addition, 

positive moods may improve verbal fluency through enhanced cognitive switching 

(Ashby et al., 1999). As noted in section 3.2.1, performance of verbal fluency tasks are 

thought to involve both clustering (retrieving responses from a particular sub-

category) and switching (switching to a new-subcategory when the existing one has 

been exhausted (Troyer et al., 1998). Ashby et al. (1999) suggest that individuals are 

more adept at flexibly shifting between categories under conditions of positive affect, 

and thus able to retrieve a higher number of responses on verbal fluency tasks.  

Finally, as discussed in section 3.5.2, though widely considered a measure of executive 

function, verbal fluency is also thought to rely to some extent on semantic associative 

processes (Rosen & Engle, 1997). As outlined above, it has been consistently 

demonstrated that positive mood enhances semantic spreading activation, and so it 

might be the case that positive moods enhance verbal fluency by increasing access to a 

wider range of semantic associates.  

On the basis of the above, it can be predicted that positive mood during incubation will 

improve subsequent novel ideation through the enhancement of Gr-related processes 
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such as flexible switching between categories when retrieving concepts from long term 

memory and possibly semantic spreading activation. 

The present study also observed that greater interference on the Simon task (i.e. Simon 

Effect) was associated with higher novelty scores. In other words, it appeared that 

lower levels of inhibition were associated with higher novelty. Interestingly, there is 

evidence that positive moods may impair inhibition. For instance Braver et al. (2001) 

found that performance on the AX-CPT, a measure of inhibitory control, was negatively 

impacted when participants were briefly exposed to a positive image before each trial. 

Phillips et al. (2002) also observed that positively induced mood was associated with 

poorer inhibition performance on the Stroop task, although note that Stroop 

performance did not appear to be associated with novelty in the present study.  

As an explanation for why positive moods impair inhibition, Phillips et al. (2002) 

pointed towards evidence that positive moods tend to be accompanied by more task-

irrelevant thoughts (Seibert & Ellis, 1991) as well as a more diffuse, associative mode of 

processing (Ashby et al., 1999). While the latter effects may be beneficial on creativity 

and word association tasks, Phillips et al. (2002) argued, they are likely to disrupt 

inhibition tasks, which require controlled focus and attention.  

In addition to the above, the finding that positive mood broadens the scope of attention 

is often explained in terms of reduced inhibition (Rowe et al., 2007; Vanlessen et al., 

2013; Wang et al., 2011). For instance, Rowe et al. (2007) found that positively induced 

mood, as compared with negatively induced mood, impaired performance on the 

Flanker task, which requires participants to focus on a central target while ignoring 

surrounding distractor stimuli. In the same study, Rowe et al. also observed that 

positive mood enhanced performance of the RAT, and furthermore, that higher levels of 

Flanker interference under positively induced mood were correlated with higher RAT 
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performance. On the basis of this finding, the authors suggested that positive mood 

results in a ‘global relaxing of inhibitory control’ which serves to widen attentional 

scope, reduce filtering of information, and facilitate assess to stored, conceptual 

information in memory. Such a finding would account for why positive mood impairs 

inhibition but facilitates RAT performance.  

The above evidence indicates that a positive mood induction during ideation may lead 

to lower levels of in inhibition which could in turn result in the generation of more 

novel design concepts. However, it should be noted that some studies find no 

relationship between positive affect and inhibition (e.g. Martin & Kerns, 2011), and 

there is also some evidence to suggest the opposite effect i.e. that positive affect 

improves inhibition (Aisenberg et al., 2015; Frühholz et al., 2009). Given such 

inconsistencies in the literature, no definitive hypothesis regarding the relationship 

between mood and inhibition during incubation can be made.   

A final cognitive process found to be positive associated with novelty was Gf, suggesting 

that logical reasoning may be involved in the generation of novel design concepts. 

There was some early evidence to indicate that reasoning processes were enhanced by 

positive mood. Rauscher et al. (1993) found that performance on spatial reasoning 

tasks was higher after listening to a piece of classical music (Mozart’s sonata for two 

pianos in D Major, K488), as compared with listening to relaxation instructions or 

silence. While this study did not measure participants’ mood, this particular piece is 

commonly used to induce positive mood (He et al., 2017; Schellenberg et al., 2007), and 

so the results may be taken as indirect evidence for the view that positive mood 

improves fluid reasoning. 

However, studies more directly investigating this issue have tended to suggest that 

moods of both positive and negative valence impair reasoning ability (Channon & 
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Baker, 1994; Jung et al., 2014; Oaksford et al., 1996). For instance, Jung et al. (2014) 

found that both positive and negatively induced mood resulted in poorer logical 

reasoning relative to a neutral group, with this effect being most pronounced for 

negative moods. Several explanations have been put forth to explain why mood 

interferes with logical reasoning. One possibility is that the mood-relevant thoughts 

that tend to accompany mood states (whether positive or negative) increase working 

memory load and therefore leave less resources available for the reasoning task 

(Baddeley, 2003; Jung et al., 2014). Focusing on the deleterious impact of positive 

moods, Melton (1995) suggests that individuals experiencing positive moods may wish 

to maintain this state, and are therefore reluctant to engage in effortful processing of 

tasks which they may find demanding and unpleasant, such as reasoning tasks. 

Alternatively, Melton (1995) suggests that people in positive moods may be more 

impulsive and more likely to stick with their initial answer without further 

consideration, which was supported by the finding that individuals in positive moods 

spent less time on reasoning tasks as compared with controls.  

Note, however, that in cases where the mood state experienced is highly relevant to the 

task at hand, the negative effects of mood on reasoning tend to be diminished 

(Blanchette et al., 2007, 2014; Blanchette & Caparos, 2013; Chang & Wilson, 2004). 

Explaining why relevance moderates the relationship between mood and reasoning, 

Blanchette et al. (2014) point towards the finding that emotional or mood-related 

content (such as those used in typical mood induction procedures) tend to attract 

attention (Yiend, 2010). Therefore, mood states induced via stimuli that have no 

relevance to the reasoning task will serve to divert attention away from the task. 

Conversely, in situations where the mood-related stimuli and the reasoning task are in 

some way semantically linked, the opposite effect occurs i.e. cognitive resources will be 

channelled towards the task at hand. In sum, although there is evidence to suggest that 
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moods (positive and negative) can interfere with reasoning processes, this effect may 

not occur in instances where the mood state experienced and the reasoning task are 

related.  

Overall, the findings suggest that positive mood can enhance some of the key cognitive 

processes identified as contributing to novel idea generation in this study. There is 

clear evidence that positive moods improve semantic associative processes as well as 

Gr. There is also evidence to suggest that positive moods can reduce inhibitory control, 

which should also be favourable to novel ideation in light of the present findings. 

However, the relationship between inhibition and mood appears to be inconsistent and 

so this hypothesis can only be offered tentatively. Finally, regarding Gf, much of the 

evidence indicates that positive moods impair logical reasoning processes. Although 

this relationship appears to be complex and dependent on the nature of the task, it is 

nonetheless possible that positive mood may interfere with Gf-related processes during 

ideation, which could impact the novelty of ideas produced.   

3.5.7 Variance in ideation accounted for by the cognitive processes 

Design novelty was the main creativity outcome of interest in the present study. As well 

as identifying the key cognitive processes associated with design novelty, it is also 

important to consider the strength of the associations as well as how much variance in 

design novelty can explained by variance in the cognitive processes. The correlation 

analyses revealed that among the cognitive processes assessed, only associative 

flexibility, Gr, Gf and inhibition (negative) were significantly associated with design 

novelty. Note that the correlations were generally of weak effect size, ranging between 

r= .208 (Gf) and r=.288 (Gr) and thereby suggesting only modest associations between 

these processes and novelty. Furthermore, the multiple regression analysis suggested 
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that together, the cognitive processes accounted for 26% of the variance in novelty. 

Thus, a considerable portion of the variance was unexplained by the model and it is 

clear that there are many other factors influencing design novelty which were not 

examined here. This likely includes factors such as domain-specific knowledge (Shah et 

al., 2012), personality (Milojevic & Jin, 2019) and motivation (Jeon et al., 2011). A more 

in-depth discussion on the importance of these factors and their relationship with 

design cognition is provided in the general discussion section of this thesis (chapter 6).  

With regards to divergent thinking, which was also examined as a creativity outcome, 

only the two semantic association measures and Gr were significantly correlated with 

divergent thinking. Note, however, that the correlations between divergent thinking 

and associative processing were in the moderate to strong range (associative fluency, 

r=.365, associative flexibility, r-.494). The close relationship between the two, as well as 

the apparent lack of relationship with other processes (apart from a weak correlation 

with Gr) may be taken as support for the perspective that semantic association is the 

fundamental process underlying performance of divergent thinking tasks (Runco, 

2004).   

It is noteworthy that the correlations between semantic association and design novelty 

were less strong (with only associative flexibility reaching significance) suggesting that 

while semantic association may also be involved in design ideation, it plays a less 

fundamental role here as compared with divergent thinking. It is also interesting that, 

overall, a broader range of cognitive processes were significantly correlated with 

design novelty than divergent thinking, which may be due to the more multi-faceted 

nature of design tasks. As noted in section 3.2.4, performance of design ideation tasks 

requires consideration of many factors beyond novelty, such as problem constraints 
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(Jin & Chusilp, 2006), functionality (Shah et al., 2003a) and aesthetics (Chandrasekera 

et al., 2013).  

Regarding the results of the multiple regression analysis with divergent thinking as the 

DV, this suggested that the cognitive processes (including the interaction between Gr 

and associative flexibility) accounted for 34.2% of the variance in divergent thinking 

score. Thus, although the amount of variance accounted for was higher for divergent 

thinking than design novelty (which was 26%), again the overall variance left 

unexplained is considerable and suggests an important role for other factors (i.e. 

personality, motivation). It is also important to consider that certain cognitive 

processes which have previously been identified as key contributors to divergent 

thinking (e.g. episodic memory; Beaty & Schacter, 2018) were not examined in the 

current study, and it is likely that inclusion of such processes would have led to an 

increase in the variance accounted for by the model.  

3.6 Conclusion 

The empirical study reported in this chapter aimed to investigate the cognitive 

processes involved in the generation of novel design concepts. The results showed that 

design novelty scores were significantly and positively associated with associative 

flexibility, Gr and Gf, highlighting an important role for these processes during design 

ideation. Novelty was also found to be negatively correlated with inhibition (as 

measured by the Simon effect), providing some evidence in favour of the cognitive 

disinhibition account of creativity (Eysenck, 1993; Martindale, 1995). By contrast, 

working memory, mental imagery, divergent thinking, and Stroop inhibition were not 

found to be significantly correlated with novelty. There was no evidence for any 

moderation effects regarding the relationships between design novelty and the 

cognitive processes above. However, the relationship between divergent thinking and 
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Gr was found to be moderated by associative flexibility, such that Gr facilitated Gr at 

low levels of associative flexibility yet hindered divergent thinking at high levels of 

associative flexibility. Finally, using multiple regression analysis, this study also found 

that scores on the cognitive tests were able to explain 26% of the variance in novelty, 

with associative flexibility and Gf emerging as significant predictors on the model, and 

the predictors Gr and Gf also approaching significance 

Importantly, the results have implications for the impact of positive mood on 

subsequent design ideation. There is considerable evidence that positive moods 

enhance semantic associative processes (Topolinski & Deutsch, 2013) and general 

retrieval ability (Bartolic et al., 1999). Thus, a positive mood induction during the 

incubation period is likely to stimulate such processes and result in a subsequent 

improvement in novel idea generation. Furthermore, there is evidence that positive 

mood impairs inhibition (Phillips et al., 2002), which was negatively associated with 

novelty in this study (Simon effect only). Therefore, a positive mood induction during 

incubation may foster a more disinhibited mode of thought that is favourable to the 

generation of novel ideas. Finally, regarding Gf, which was positively associative with 

novelty, there is much evidence that positive moods interfere with reasoning processes. 

While this relationship is not straight-forward and appears to be influenced by a 

number of factors, such as motivation and mood-task relevance, it is nonetheless a 

possibility that positive moods may interfere with reasoning processes during design 

and have a negative impact on the novelty of concepts generated.  

Overall, the results suggest that positive moods during incubation could exert a 

facilitative effect on subsequent idea generation in design and they provide a good 

basis upon which to formally test this hypothesis in the next chapter.  
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4.1 Introduction  

The findings from the literature review in chapter 3 (section 3.5.6) revealed that 

certain cognitive processes involved in the generation of novel design concepts are also 

known to be enhanced by positive mood. This therefore suggests that a positive mood 

induction during the incubation period, through stimulating these processes, may 

improve subsequent idea generation. As outlined in chapter 1 (section 1.4), there are 

several other reasons why mood of the designer may be a key influential factor during 

incubation. Firstly, there is a wealth of evidence in the psychology literature to suggest 

that positive moods enhance creativity and cognitive flexibility (Ashby et al., 1999; 

Baas et al., 2008; Davis, 2009). Secondly, during incubation specifically it has been 

emphasised that positive moods may induce a more flexible mindset and allow the 

problem solver to move away from ineffective strategies that set in before the break. 

This can facilitate the adoption of more novel approaches upon returning to the task 

(Haager et al., 2014; Morrison et al., 2017). Empirical evidence also suggests that 

positive moods stimulate unconscious remote associative processes occurring during 

incubation (Hao et al., 2015).  

In sum, there is good reason to propose that a positive mood induction during 

incubation could be effective in improving subsequent design ideation, but no previous 

study has examined this. More generally, there is also a lack of understanding regarding 

the influence of mood on the ideation process. In addition to this, as highlighted by the 

literature review in chapter 2, relatively few incubation studies have been conducted in 

a design setting and there is limited understanding on whether incubation facilitates 

ideation and the factors that may influence this process.  

To address this, the present chapter reports an empirical study in which three groups 

of Product Design Engineering students performed an ideation task with an incubation 
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period during which they received a happy, sad, or neutral mood induction. A fourth 

group of participants performed the ideation task without any incubation period or 

mood induction. Ideation performance was compared between the four groups, both in 

terms of fluency and novelty. This allowed for examination of whether mood during the 

incubation period has an impact on subsequent design ideation. The study also allowed 

for a more general assessment of the role of incubation in a design context and whether 

it is effective in facilitating design ideation.  

Before reporting this study, the relevant research literature from a number of key areas 

will be reviewed. Firstly, an overview of the mood induction procedure is provided, 

which is commonly used in mood-cognition research and was also employed in the 

current study. Secondly, theoretical, and empirical research regarding the relationship 

between creative cognition and mood will be reviewed. This literature, as well as the 

findings from study 1 (presented in section 3.5.6), gives insight into the potential ways 

in which a mood induction may influence design ideation during the incubation period. 

Thirdly, mood research more specifically related to design cognition will be reviewed. 

While little research has been conducted on this issue to date, some existing bodies of 

literature give some indication as to how mood may impact subsequent ideation. 

Finally, studies from the incubation literature that have focused specifically on mood 

(or related constructs) will be reviewed. For a more general review of incubation 

studies in creativity and design, the reader is referred to chapter 2 of the thesis.  

4.1.1 Exploring the mood-cognition relationship through the mood 

induction procedure 

There are many approaches to the study of the mood-cognition relationship. For 

instance, clinical studies have focused on common mood disorders (e.g. anxiety and 
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depression) and how they impact various cognitive processes such as attention and 

memory (see Marvel & Paradiso, 2004; for a review). The application of neuroimaging 

techniques has also become increasingly popular and has contributed to our revised 

understanding of how regions traditionally classified as ‘affective’ (e.g. amygdala) and 

‘cognitive’ (e.g. DL-PFC) are highly integrated and cooperate across a range of tasks 

(Liu et al., 2009; Pessoa, 2008). 

Another common approach, which will be used in the current study, is to induce a 

particular mood state in participants and then examine the impact of this on 

subsequent cognitive performance. Many different mood induction procedures have 

been used by researchers. The Velten method (Velten, 1968) was one of the first mood 

induction procedures to be used, which involves participants reading a list of positive 

(‘I feel cheerful and lively’), or negative (‘People annoy me; I wish I could be by myself’) 

self-referential statements. However, an extensive range of other methods have 

subsequently been utilised, including listening to music (Clark, 1983; Putkinen et al., 

2017), watching videos (Joormann & Siemer, 2004; Rottenberg et al., 2018), recalling 

autobiographical memories (Mills & D’Mello, 2014; Strack et al., 1985), reading stories 

(Fartoukh et al., 2014; Watts et al., 2019), as well as manipulation of facial or bodily 

muscles to mimic the expression of a particular mood state (Fernández-Abascal & Díaz, 

2013; Zhang et al., 2014b). It is also common for researchers to use music in 

combination with another mood induction procedure, e.g. reading Velten statements 

(Ter Kuile et al., 2010), or engaging in autobiographical recall (Zhang et al., 2014b). 

A recent meta-analysis concluded that mood inductions are, in general, effective in 

inducing the desired mood state (Joseph et al., 2020). Effectiveness is typically 

established by having participants complete a mood questionnaire before and after the 

induction and examining whether any change in self-reported mood has taken place. 
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However, a range of physiological methods have also been used, including heart rate, 

blood pressure, zygomatic activity, electrodermal activity and respiration rate (Khalfa 

et al., 2008; Mauss & Robinson, 2009; Ribeiro et al., 2019). For example, Khalfa et al. 

(2008) found that happy music, relative to sad music, was associated with increased 

blood pressure, zygomatic activity and electrodermal activity.   

Although widely applied and generally observed to be effective, mood induction 

procedures are not without criticism. In particular, there is controversy around their 

susceptibility to demand characteristics. The concept of demand characteristics was 

introduced by Orne (1959) and refers to aspects of the experiment that convey the 

researcher’s aims or hypotheses to the participant, and which may lead the participant 

to modify their behaviour in line with such aims (McCambridge et al., 2012). 

Accordingly, it has been argued that, following a particular mood induction, 

participants only report being in the corresponding mood state because of a sense that 

the experimenter expects this response (e.g. Buchwald et al., 1981; Westermann et al., 

1996). The influence of demand characteristics may be particularly problematic in 

instances where participants are given overt instructions to ‘get into’ a particular mood 

state, which is a common approach in mood research (Joseph et al., 2020).   

However, various forms of evidence indicate that mood inductions do indeed result in 

genuine changes in mood (see Västfjäll, 2001; for an early review). In one study by 

Kenealy (1988), which explicitly addressed the issue of demand characteristics, 

participants were given a musical mood induction under one of three conditions: no 

instructions, demand instructions (i.e. “people generally feel happy/sad listening to this 

music”) and counter-demand instructions, in which they were told people often feel the 

opposite mood state to the actual one being induced. It was found that in all conditions 

self-reported mood was consistent with the corresponding mood state (e.g. those 
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listening to happy music reported higher levels of happiness, regardless of 

instructions). The authors suggested that if experimental demand was a factor of 

influence, those in the counter demand would be expected to report their mood state as 

more consistent with the researcher’s instructions. Accordingly, it was concluded that 

“the music procedure is relatively free from explicit demand” (Kenealy, 1988, p.46).  

Furthermore, many studies have found mood induction procedures to be effective even 

when implemented under a ‘cover story’ in which participants are misled about the 

true purposes of the procedure. The exact cover story used typically depends on the 

type of mood induction procedure involved. For instance, several studies using the 

autobiographical recall method, whereby participants recall and/or write about a 

happy or sad event from their past, have misinformed participants that the task is 

aimed to assess their recall ability (Joormann et al., 2012), or that the goal of the study 

is to create a ‘life experiences’ inventory (Brand et al., 2007; Schwarz, 1990). A study 

using music, by contrast, administered the induction under the pretence that it was 

aimed to block out distracting noises in the environment (Drace, 2013). In some cases, 

participants may also be told that they are taking part in two separate experiments, e.g. 

one involving listening to music or watching film clips (mood induction) and the other 

involving the behavioural measure of interest, which serves to make the connection 

between the two less obvious (Davis, 2009; Martin et al., 1993; Siemer, 2001). Finally, 

many studies do not actively deceive participants, but simply avoid giving participants 

overt instructions to achieve a particular mood state (e.g. Rottenberg et al., 2007). For 

instance, rather than be asked to ‘feel’ or ‘get into’ a particular mood, participants may 

be simply asked to give their full focus and attention on the presented stimuli. 

Importantly, Joseph et al.’s (2020) meta-analysis found that mood inductions without 

explicit instructions still tend to be effective and adding explicit instructions does not 

necessarily increase effectiveness. Overall, the above evidence suggests that mood 
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induction procedures do result in genuine mood change and contradicts the view that 

their effects are merely due to demand characteristics. 

4.1.2 The relationship between mood and creative cognition 

The general consensus is that mood is a highly influential factor on the creative process. 

For instance, in their meta-analysis of the mood creativity relationship, Baas et al. 

(2008) stated that mood is “one of the most widely studied and least disputed 

predictors of creativity” (p.779). Likewise, in a review of the mood-creativity literature, 

Ashby et al. (1999) stated that “it is now well recognized that positive affect leads to 

greater cognitive flexibility and facilitates creative problem solving across a broad 

range of settings” (p.530). Much of the early work in this area was conducted by Isen 

and colleagues, who over a series of experiments demonstrated that, following a 

positive mood induction, participants were more likely to generate more unusual 

responses on a word association task (Isen et al., 1985) and also showed increased 

flexibility and broader inclusivity on categorisation tasks, tending to group more 

stimuli together and include more non-prototypical exemplars within a category (Isen 

& Daubman, 1984). Furthermore, Isen and colleagues found that induced positive mood 

facilitated performance on a range of creative problem solving tasks, such as Duncker's 

(1945) candle problem and the Remote Associations Task (RAT; Isen et al., 1987). Since 

then, evidence has continued to show that positive mood benefits creative performance 

across a range of tasks and settings, such as in laboratory-based divergent (Campion & 

Levita, 2014; Fernández-Abascal & Díaz, 2013; Ritter & Ferguson, 2017; Yamada & 

Nagai, 2015) and convergent (Rowe et al., 2007; Shen et al., 2019) thinking paradigms, 

as well in organisational and workplace environments (Amabile et al., 2005; Han et al., 

2019).   
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Several theoretical explanations for the link between positive mood and creativity have 

been put forth. One prominent account, the Dopaminergic Theory of Positive Affect 

(Ashby et al., 1999; 2002) proposes that positive mood results in an increased 

dopamine supply to the anterior cingulate cortex, a frontal cognitive control region 

involved in cognitive set shifting. This in turn is proposed to enhance cognitive 

flexibility and improve performance on a range of tasks, particularly those which 

involve creativity. The dopaminergic account has received some empirical support but 

mainly with respect to the flexibility dimension of creativity (Chermahini & Hommel, 

2010; 2012). Moreover, this relationship appears to be non-linear, in that individuals 

with medium dopamine levels tend to show greater flexibility as compared to those 

with low or high levels of dopamine (Chermahini & Hommel, 2010; 2012).  

Another common explanation for the link between positive mood and creativity focuses 

on the different signalling functions associated with positive and negative mood. As 

noted in chapter 3 (section 3.5.6), positive moods are held to signal that the current 

situation is safe which in turn promotes a more exploratory mode of processing and a 

broadening of attentional scope (Carver, 2003; Friedman & Förster, 2010; Schwarz & 

Bless, 1991; Schwarz, 1990). This exploratory approach is also held to be accompanied 

by increased semantic spreading activation and a broader access to concepts stored in 

long term memory, allowing for the generation of more novel, unusual associations 

(Derryberry & Tucker, 1994; Friedman & Förster, 2010). This can be contrasted with 

negative moods, which signal that the present situation may be dangerous or 

threatening, thereby fostering a more analytical, constrained mode of processing so 

that the situation can be assessed (Forgas, 2002; Schwarz, 1990).  

There is much evidence that positive moods do indeed increase the breadth of 

attentional scope as well as facilitate greater access to material stored in long term 
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memory (Ashby et al., 1999; Derryberry & Tucker, 1994; Fredrickson, 2001; Rowe et 

al., 2007). In a creativity context, Rowe et al. (2007) found that positively induced mood 

enhanced performance of the RAT creativity task but impaired performance on a visual 

selective attention task, the latter effect suggesting a broader attentional scope with 

reduced filtering of stimuli. Moreover, analysis of individual differences in performance 

under positive induced mood revealed that success rate on the RAT task was positively 

correlated with levels of impaired selective attention, suggesting that the two effects 

were caused by a common underlying mechanism. The authors proposed that the 

finding reflected a general reduction in inhibitory control under positive mood 

resulting in both a more global attentional scope as well as broader access to 

conceptual information stored in long term memory. 

Despite the wealth of evidence to indicate that positive mood enhances creativity, there 

is some controversy in this area in that several studies have observed that positive 

mood impairs creativity (George & Zhou, 2002; Kaufmann & Vosburg, 2002) and 

negative mood facilitates it (Adaman & Blaney, 1995; da Costa et al., 2020; George & 

Zhou, 2002; Kaufmann & Vosburg, 2002; Montani et al., 2018; Shen et al., 2019). 

Furthermore, other studies have found that neither positive (Clapham, 2001; Göritz & 

Moser, 2003) nor negative (Göritz & Moser, 2003; St-Louis & Vallerand, 2015; 

Verhaeghen et al., 2005) mood states have any relationship with creative performance. 

Thus, although the mood-creativity link has received much empirical attention, the 

relationship is by no means straightforward and many inconsistencies in the literature 

remain. 

A key moderating factor, which may in part explain the inconsistencies in the literature, 

appears to be the type of creativity task being performed (Baas et al., 2008; Davis, 

2009; Friedman et al., 2007; Martin, 2001). As discussed above, positive moods are 
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held to facilitate exploration, play, and the adoption of multiple perspectives, whereas 

negative moods are argued to foster a more detail-orientated, analytical approach, and 

engender motivation to rectify an unfavourable situation (Forgas, 2002; Friedman & 

Förster, 2010; Schwarz, 1990). As a result, it has been proposed that positive moods 

may be most beneficial on ‘fun’ tasks which promote enjoyment and ‘blue-sky thinking’, 

with negative moods being more conducive to creativity during relatively serious 

problems, or in situations where there may be strict performance criteria (Baas et al., 

2008; Friedman et al., 2007).  

Another perspective is offered by Davis (2009) who suggests that while positive moods 

may reliably increase performance on relatively simplistic divergent thinking tasks, 

they may have more limited benefits on more domain-specific creativity tasks of the 

kind typically performed by creative professionals in applied circumstances (i.e. where 

there is typically a requirement for both novel and feasible solutions). In such cases, 

Davis (2009) proposes that positive moods exert counter-active effects on ideation 

because while they facilitate associative processing and cognitive flexibility, they also 

foster complacency and reduce critical thinking. With regards to negative moods, the 

opposite effect is assumed to occur (i.e. an increase in more constrained, evaluative 

cognition but with impaired associative, divergent thought). Thus, the counteractive 

effects of both positive and negative moods mean that neither results in any overall 

performance benefit.  

The findings of Davis’ (2009) meta-analysis provide some support for this perspective. 

Firstly, Davis (2009) made a distinction between “ideation tasks” and “creative 

problem-solving tasks”. The former comprised tasks which were argued to place 

emphasis on generating novel responses (e.g. divergent thinking tasks; categorisation 

tasks) with less need for evaluation. By contrast “creative problem-solving tasks” 
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included tasks which were argued to require both a degree of novel thought but also an 

ability to generate workable solutions (e.g. Dunker Candle task). With regards to 

“ideation tasks”, positive moods significantly enhanced performance, yet no effect was 

observed for negative moods. By contrast, on “creative problem-solving tasks”, neither 

positive nor negative moods benefited performance, which could potentially indicate 

counter-active, or incompatible effects of these respective mood states, as discussed. 

Secondly, Davis (2009) observed that meta-analytical effect sizes derived from non-

experimental studies were considerably weaker as compared those based on 

laboratory studies, thus indicating a less robust mood-creativity relationship in more 

domain-specific settings. Accordingly, Davis (2009) concluded that “creativity in 

organizations entails identifying real problems, devising novel and useful solutions, and 

exerting considerable effort to achieve those solutions. In part then, the robust effects 

for positive mood in experimental research point to a preponderance of single 

component ideation tasks used in those studies, whereas comparatively weaker effects 

of mood in non-experimental settings probably reflect creative tasks involving multiple 

rather than single components of creativity.” (p. 33).  

This has important implications for the relationship between mood and design 

ideation, since design ideation is a domain-specific form of creativity in which the 

problems encountered are typically complex and multi-dimensional, and where there is 

a requirement for solutions that are not only novel, but that also address a specific 

problem and are capable of being practically implemented. It is possible that, in line 

with Davis’ (2009) perspective, positive moods could exert counter-active effects on 

design ideation, enhancing diffuse, associative processes but also impairing analytical, 

evaluative cognition; in which case there would be no overall impact of mood on design 

outcomes. 
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On the other hand, it should be recognised that several studies using more domain-

specific tasks have nonetheless observed enhancing effects of positive mood (Amabile 

et al., 2005; Watts et al., 2019; Yefet & Glicksohn, 2020). For example, Watts et al. 

(2019) found that low-activating positive moods significantly improved performance 

on a business-related brainstorming task, which required participants to generate 

creative ideas to prevent a failing business from going into administration. Another 

recent study by Yefet and Glicksohn (2020) found that positively induced moods 

benefited subsequent artistic creativity. These results demonstrate that the enhancing 

effects of mood can still be observed in more domain-specific settings and highlight 

that the influence of mood on design ideation is still very much an open question. 

4.1.3 The relationship between mood and design ideation 

It is also important to examine the existing research on the relationship between mood 

and design ideation. As noted in the introduction, this is a topic that has received very 

little attention in the literature. Nonetheless, there are a few lines of research within 

the literature which may give at least a partial insight into the potential effects of a 

mood induction during incubation on subsequent design ideation.   

The influence of mood on the ideation process has been explored to some extent by 

researchers investigating creative flow during ideation. The concept of flow, first 

introduced by Csikszentmihalyi (1975), is defined as “an intense, optimal state of 

consciousness (also known as being in the zone) resulting from highly focused 

attention on a task in which perceived skills and challenges are balanced” (Cseh et al., 

2015, p. 281). Notably, it is associated with both positive affect (Engeser & Schiepe-

Tiska, 2012), as well as increased productivity during ideation (Dorta et al., 2008). 

Using various self-report methods, a number of studies have attempted to examine 

fluctuations in various mental states (including flow) throughout the ideation process 
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(Dorta et al., 2008; 2011; Safin et al., 2016). Such studies have typically found that the 

early stage of ideation is associated with anxiety, possibly due to the large size of the 

problem space and lack of certainty regarding potential solutions. However, as the 

designer begins to generate concepts and approaches the discovery of a candidate 

solution, they typically enter a state of flow followed by a sense of control and 

relaxation as a satisfactory solution emerges (Dorta et al., 2008; 2011).  

Since flow is associated with the experience of positive affect (Engeser & Schiepe-Tiska, 

2012), one possible explanation of these results is that positive affect during flow aids 

the designer in the discovery of the solution. This interpretation would be consistent 

with the research reviewed in section 4.1.2 showing a link between positive mood and 

creativity. However, it is also possible that causality occurs in the opposite direction, i.e. 

approaching the discovery of a solution leads one to enter a more positive, flow state 

(Cseh et al., 2015). Indeed, there is evidence to show that the generation of creative 

ideas causes an increase in positive mood (Amabile et al., 2005; Shaw, 1999) suggesting 

that the mood-creativity link is bi-directional. The question of whether flow-related 

positive mood leads to, or alternatively, is caused by the approaching of a solution 

currently remains unexplored. In addition, no attempts have been made to explore how 

flow-related positive mood may influence specific performance outcome measures; 

thus it is not known whether, for instance, experiencing positive mood during flow is 

associated with the generation of more novel ideas. Overall, findings from design flow 

research are useful in that they suggest mood and design ideation are closely related 

and may influence each other, though it is not clear from this literature alone whether a 

positive mood induction would be likely to enhance ideation novelty.  

Another relevant body of research has focused on the relationship between design 

ideation and humour. Several theorists have proposed that humour production and 
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design creativity are similar processes. For instance, both are held to involve an 

element of spontaneity and surprise, and involve making connections between 

seemingly unrelated ideas (Gero, 1996; Hatcher et al., 2016; Yi et al., 2013). Though 

humour and positive mood are not synonymous, there is some relation between the 

two constructs. For instance, inducing a humorous atmosphere has been associated 

with improved mood and enhanced creativity (McGee, 1989). In addition, researchers 

often use humorous videos as a means of inducing positive mood (Joormann & Siemer, 

2004; Rottenberg et al., 2018), highlighting the close relationship between the two. 

Finally, referring specifically to brainstorming during design ideation, Wodehouse et al. 

(2014) proposed that a humorous atmosphere is key because it serves to elevate mood 

and create a more positive group dynamic, encouraging less self-censoring and fear of 

criticism, and allowing ideas to be more freely generated (see also Stroebe et al., 2010).  

There have been some attempts to use humour as a means of improving ideation, either 

by incorporating aspects of humour production into the design process or attempting 

to induce a humorous atmosphere using stimuli (e.g. videos). In one study, Kudrowitz 

(2010) found that engaging in comedy improvisation games resulted in higher fluency 

on a subsequent brainstorming exercise. Hatcher et al. (2016) also found that improv-

based ideation, whereby techniques used in improvisational comedy were 

incorporated into a group ideation session, improved ideation outcomes relative to 

classic brainstorming. In another key study, Wodehouse et al. (2014) had participants 

carry out a group brainstorming session under three conditions: a) classic 

brainstorming; b) brainstorming modelled on a humour production method and c) 

video-enhanced brainstorming, whereby participants were exposed to a humorous 

video before and during brainstorming. Notably, the authors highlighted that the latter 

condition was designed to induce a fun and humorous mood. The results suggested that 

structured brainstorming (condition b) was the most effective of all three, resulting in 
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more fluency and originality than the other two groups. By contrast, the video-

enhanced intervention appeared to be the least successful. Thus, only partial support 

for the view that humour could improve ideation was observed. 

The lack of effectiveness of the ‘video-enhanced brainstorming’ condition may argue 

against using induced mood as a means of improving ideation outcomes. However, the 

authors highlight that some caution should be taken when interpreting the results due 

to some limitations with the induction procedure. For instance, they point out that not 

all participants appeared to be engaged with or react to the video, potentially creating 

isolation and divisions within the group. This could conceivably have influenced both 

the effectiveness of the induction, as well as the overall success of the brainstorming 

session, which relies on a positive group dynamic. The authors also noted that all 

groups performed video-stimulated brainstorming last, and so fatigue effects may have 

influenced the results. Overall, while Wodehouse et al. (2014) did not observe a 

positive effect of humorous stimuli exposure on brainstorming, the majority of studies 

in this area have suggested that incorporating humour into the design process can 

improve ideation. Since humour and positive mood are related constructs, such 

findings may give an indication that a positive mood induction could result in enhanced 

idea generation.  

A final body of research that is relevant focuses on the relationship between mood and 

creativity in the workplace. Though studies in this area are not typically focused on 

design creativity per se, they are often conducted with organisations where creating 

and developing products are key aspects of the work carried out. For instance, in a 

study by Amabile et al. (2005) participants were employees involved in a variety of 

projects which included “developing new products” as well as “creating new processes” 

and “solving complex client problems” (p. 376). Using a combination of self and peer 
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ratings, this study found evidence of a clear, positive relationship between positive 

mood and creative performance within the organisation. Importantly, the study also 

found evidence of a mood-related incubation effect, such that positive mood on one day 

tended to be associated with creativity on the following day, and in some cases, up to 2 

days later. Amabile et al. (2005) therefore argued that positive mood increases the 

breadth of available semantic associations, which then incubate for several days before 

resulting in the generation of a creative idea. These findings may indicate that mood 

and incubation are related factors in the design process, although an important point to 

note is that Amabile et al.’s (2005) findings highlight the importance of mood before 

the incubation period takes place, rather than the role of mood during the incubation 

period, which is the focus of this thesis. 

A similar study by George and Zhou (2002) was carried out with a helicopter 

manufacturing organisation, specifically in a department “charged with developing 

creative designs and manufacturing techniques” (p. 691). In this study, employees 

reported their mood (in the past week), and their clarity of feelings (i.e. awareness of 

one’s affective state), as well perceived rewards for creativity in the workplace. 

Creative performance was measured via supervisor ratings. Interestingly, the 

relationship between mood and creativity was found to be moderated by both clarity of 

feelings and perceived rewards. For instance, when both clarity of feelings and 

perceived rewards were high, negative moods were positively related to employee 

creativity. This suggested that in situations where creativity is a rewarding outcome, 

negative mood may signal that the current situation is unsatisfactory and encourage 

the generation of novel solutions which can improve the status quo and bring about 

reward. This, of course, can only occur when participants are aware that they are 

experiencing negative mood. Conversely, when perceived rewards were high and 

recognition was low, positive moods rather than negative moods were linked with 
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higher creativity. The authors suggested that when creativity is a key goal, but one is 

not clear on their current mood state, positive moods may nonetheless enhance 

creativity by influencing relevant cognitive processes (i.e. cognitive flexibility, 

associative spreading etc.; Ashby et al., 1999). 

Overall, findings from the above research suggest that both positive and negative 

moods may, at least under certain circumstances, influence design cognition. The 

results from Amabile et al.’s (2005) research may also point towards an important 

relationship between positive mood and incubation in the ideation process. However, it 

does have to be emphasised that both studies included individuals from a variety of 

professions, and also used a broad measurement of creativity which was not focused 

specifically on the generation or development of novel design concepts. Thus, only a 

limited insight into the relationship between mood and design ideation may be 

obtained from this research. 

4.1.4 The role of mood during the incubation period 

Having looked at the general literature on mood and creativity, as well as mood and 

design creativity, it is also important to look at existing literature concerning the 

influence of mood specifically during incubation. Interestingly, several anecdotal 

accounts from highly creative individuals, which have been a source of inspiration for 

much of the incubation research conducted, may indicate a role for positive mood 

during the incubation period. For instance, Amabile et al. (2005) note the cases of 

Poincaré, who reported that most of his major breakthroughs occurred when relaxing 

on vacation, and Mozart, who similarly reported that his creative ideas came most 

abundantly when performing enjoyable recreational activities unrelated to his 

profession, such as walking and travelling.  



Chapter 4. The Effect of Mood During Incubation on Subsequent Design Ideation 

158 
 

In terms of contemporary theoretical perspectives, there have been some suggestions 

that positive mood during incubation may relieve fixation on a creative problem 

(Haager et al., 2014; Morrison et al., 2017). For instance, Morrison et al. (2017) argue 

that in the initial stage of problem solving, participants may become frustrated due to 

fixation and inability to make progress on the problem, resulting in negative mood. 

They suggest that the distraction from fixation provided by incubation may cause a 

shift from negative to more positive mood, which in turn favours subsequent creativity 

because it broadens attention and engenders a more flexible mind set.  

There is also some empirical evidence to suggest that positive moods during incubation 

may help overcome fixation on a learned mental set (Haager et al., 2014). In this study, 

participants first worked on a series of number reduction problems, which could only 

be solved by the application of a given rule. Following this, participants were then given 

an ostensibly unrelated task which was actually designed to induce positive or negative 

mood. Following the induction task, participants then worked on a new set of number 

reduction problems which, unknown to the participants, could be solved either by the 

application of the previously learned rule or by a new, quicker method. The results 

revealed that, as compared with the negative mood condition, participants who 

received the positive mood induction were significantly more likely to abandon the old 

rule in favour of the newer, simpler strategy. In other words, the positive mood group 

showed a less fixated mindset following the induction. Haager et al. (2014) suggested 

this effect was due to the fact that positive mood broadens attention and increases 

cognitive flexibility, allowing more novel strategies to be adopted even in instances 

where workable and well learned methods are already established. 

A key point, noted by Haager et al. (2014), is that the findings may point towards an 

important role for mood during the incubation period, since their study design was 
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somewhat similar to an incubation paradigm, i.e. consisted of two problem solving 

phases separated by a break during which an unrelated task was performed. As 

acknowledged by the authors, the study was not strictly an incubation paradigm, since 

a different set of problems were presented before and after the mood induction and 

each set could be solved using different strategies. Nonetheless, the findings may give 

some indication that positive moods induced during incubation could reduce fixation 

on a previously learned mental set. Importantly, this may have implications for design 

ideation, where fixation has been noted as a pervasive obstacle to creativity (Crilly & 

Cardoso, 2017; Vasconcelos & Crilly, 2016). It may be that positive moods during 

incubation could help overcome design fixation by increasing cognitive flexibility and 

facilitating the adoption of more novel perspectives and strategies.  

Aside from fixation, other research focusing on the effects of reward on creativity may 

also give some insight into the role of mood during incubation. In a recent study by 

Zhang et al. (2019), three groups of participants carried out a Chinese version of the 

RAT as the main task, with an incubation period in which a spatial rotation task was 

performed. One group were given a reward notification at the end of the first task 

phase (i.e. immediately before incubation), stipulating that if a certain success rate was 

achieved on the RAT task a monetary reward would be given. The second group 

received the same notification, but at the end of the incubation period (i.e. immediately 

before returning to the main task). A third group did not receive any reward 

notification. The results found that only the group who received the notification before 

incubation period showed a significant increase in RAT performance post-incubation. 

There are several explanations for this finding. One explanation is that individuals 

receiving the notification before incubation may have been motivated to consciously 

work on unsolved RAT problems during the incubation task. However, the fact that 

there were no significant differences in performance of the incubation task across 
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groups suggests that this was not the case. The authors also consider the possibility 

that monetary reward may have a detrimental impact on creativity (e.g. due to 

excessive levels of extrinsic motivation), and so the incubation period provided time for 

such influences to fade, relative to the group who received the notification immediately 

before returning to the RAT task. One possibility that is not fully considered by the 

authors, however, is that the reward notification before incubation may have induced 

positive affect, which stimulated unconscious, remote associative processes during 

incubation. Indeed, the presentation of reward is a common method for inducing 

positive affect (Nusbaum et al., 2018) and has been shown to enhance creativity (Isen 

et al., 1987). While this explanation is plausible, it can only be speculative since 

participants’ affect levels were not measured in the study. 

Finally, only one study to date has directly examined whether manipulating affect 

during the incubation period can influence subsequent creativity (Hao et al., 2015). In 

this study, Hao et al., (2015) assessed the influence of various mood inductions 

(positive, negative, neutral) during a short incubation period (30 seconds). The 

divergent thinking task used was the instances task (Wallach & Kogan, 1965), whereby 

participants are required to generate exemplars from a given category (e.g. list as many 

things as possible that are round). Overall, performance was higher in the three 

incubation conditions as compared to a control condition (i.e. no incubation), showing a 

general incubation effect. However, the positive incubation condition was found to be 

most effective in enhancing subsequent response novelty. The authors interpreted this 

finding within the Unconscious Work theory of incubation, arguing that positive 

emotions increase the breadth of semantic spreading activation during the incubation 

period, thereby facilitating remote associative processes and long-term memory 

retrieval. While this evidence suggests that positive affect is an important factor during 

incubation, the findings cannot be assumed to generalise to the domain of design 
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ideation, which as previously discussed, has several differences with general divergent 

thinking.  

4.1.5 Literature review conclusion 

The evidence reviewed here, in conjunction with the findings from study 1 (reported in 

section 3.5.6), overall suggests that a positive mood induction during incubation could 

have a beneficial impact on subsequent design ideation. Evidence from the general 

mood creativity literature suggests that positive moods can improve cognitive 

flexibility and novel thinking. In the design literature, while there is a lack of evidence 

directly investigating this issue, some of the existing research does indicate that 

positive moods may enhance design ideation. Finally, with regards to the incubation 

literature specifically, there is both direct (Hao et al., 2015) and indirect (Haager et al., 

2014; Zhang et al., 2019), evidence to suggest that positive mood during incubation 

improves subsequent creative cognition.  

It is important to also consider the potential importance of negative moods during the 

incubation period. Negative mood states tend to foster an analytical, detail-orientated 

approach which can aid in identifying and solving problems (Forgas, 2002; Schwarz, 

1990). They have also been linked with evaluation and critical thought (George & Zhou, 

2002). Thus, it is plausible that negative moods could also have a beneficial impact on 

subsequent ideation performance.  

However, it has to be emphasised that there are considerable inconsistencies in the 

mood-creativity literature, with some studies showing that neither positive (Clapham, 

2001; Göritz & Moser, 2003) nor negative moods (Göritz & Moser, 2003; St-Louis & 

Vallerand, 2015; Verhaeghen et al., 2005) have any relationship with creative 

performance. Moreover, Davis (2009) notes that in the case of domain-specific 
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creativity tasks (particularly those which require practical solutions), both positive and 

negative moods may have counter-active effects on ideation. Specifically, positive 

moods may facilitate associative processing and cognitive flexibility, but impair 

evaluation and critical thinking. With regards to negative moods, the opposite effect 

may occur (enhanced evaluation but impaired divergent thinking and flexible thought 

etc.). Therefore, there is the possibility that neither positive nor negative moods will 

have a beneficial impact on subsequent ideation. 

Finally, aside from mood, an important aim of this study is simply to examine whether 

incubation per se has a beneficial impact on subsequent design ideation. As highlighted 

by the literature review in chapter two of this thesis, incubation has received much 

empirical support but most of this is from studies using generic creativity tasks and 

general problem-solving tasks. Therefore, there is a lack of knowledge regarding how 

effective incubation is in a design context, where the problems involved are typically 

complex, sophisticated, and multi-dimensional. Among the few design incubation 

studies that have been conducted, mixed results have been observed, with some finding 

that incubation improves ideation outcomes (Al-Shorachi et al., 2015; Starkey et al., 

2020) and others showing limited or no incubation effects (Cardoso & Badke-Schaub, 

2009; Tsenn et al., 2014). More generally, it also needs to be acknowledged that several 

studies in the creativity literature have reported no incubation effects (e.g. Carruthers, 

2016; Dorfman, 1990; Torrance-Perks, 1997) or have only observed them under 

specific conditions (e.g. Beck, 1979; Vul & Pashler, 2007), further highlighting that 

incubation is by no means effective in all circumstances. The above highlights the need 

to investigate whether incubation in general has a beneficial impact on subsequent 

ideation.  
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4.1.6 Present study  

To address the above, in the following empirical study four groups of designers 

generated ideas in response to an ideation task. Three of the groups were given an 

incubation period halfway through the ideation task, during which they were 

administered either a happy, sad, or neutral mood induction. The fourth group 

(control) continuously worked on the ideation task and were not given an incubation 

period nor a mood induction. 

During the happy and sad mood inductions, participants received a combination of the 

Velten and music mood induction procedures. Thus, participants read a series of happy 

or sad self-referential statements while listening to mood-appropriate music. In the 

neutral condition, participants read a series of sentences and listened to music which 

previous research has found not to significantly influence mood. For simplicity, this 

procedure is referred to as ‘neutral mood induction’ (as is common in the literature), 

though it should be clarified that there was no attempt to induce any particular mood 

state (e.g. ‘neutral mood’) in this condition. The Velten and music procedure was 

deemed to be a suitable for the current study given that in real life designers may 

engage in similar activities during the incubation period, such as listening to music or 

reading text. In addition, previous studies investigating the mood-creativity link have 

found music to be effective in terms of stimulating subsequent to creativity (Adaman & 

Blaney, 1995; He et al., 2017; Ritter & Ferguson, 2017).  

Broadly, the study had two aims: to investigate the general impact of incubation on 

design ideation, as well as to assess the influence of mood during the incubation period 

on subsequent ideation performance. To investigate any general incubation effects, 

ideation performance (assessed by fluency and novelty) was firstly compared between 

the control group who worked on the task continuously and the neutral incubation 
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group. In line with the wider literature on incubation and creative problem solving, it 

was hypothesised that following the incubation period, the neutral incubation group 

would show higher fluency and novelty than the control group. To assess any 

additional influence of mood on incubation, ideation performance between the three 

incubation groups was then compared. On the basis of the results of study 1 (presented 

in section 3.5.6), as well as the literature reviewed it in the current chapter, it was 

hypothesised that the happy induction group would have higher performance than the 

other two groups following the incubation period. In the following sections, the 

methods and results of this empirical study are reported. Following this, a discussion of 

the findings is provided.   

4.2 Methods 

4.2.1 Participants 

A total of 73 participants took part in the study (46 males, 28 females; mean age = 

21.47, SD =3.19, range = 19 – 41 years). One participant’s data were removed from the 

final analysis due to non-compliance with the ideation task instructions. Participants 

were undergraduate (2nd year or above) or postgraduate students of Product Design 

Engineering (PDE), or individuals who had already graduated from a PDE course. Most 

participants were students from Strathclyde University or Glasgow School of Art. 

Participants were recruited as part of a larger study investigating various aspects of 

design cognition. Ethical approval was granted by the Department of Design, 

Manufacturing and Engineering Management Ethics Committee. All participants were 

reimbursed £17 for their participation in the overall study.  
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4.2.2 Ideation Task 

The ideation task used across conditions involved participants generating and 

sketching as many concepts as possible in response to the following design brief: 

“Working while travelling may be noisy; full of distractions; and physically 

uncomfortable. Generate concepts for products that may reduce the difficulties 

associated with on the go working”. As with study one, the task was taken from an fMRI 

study of design cognition conducted by the Imagine-D project (Hay et al., 2019a).  

Participants were required to sketch each concept on a sheet of A4 paper, as well to 

provide a brief description of the concept alongside the sketch. Consistent with study 1 

(combined sketching condition), participants were permitted to sketch during ideation. 

Participants were asked not to spend more time sketching than was necessary, and to 

only provide a level of detail in the sketch/description that was sufficient for the 

concept to be clearly interpreted by another individual.  

4.2.3 Mood Induction 

For the mood induction procedure (MIP), a combination of the musical MIP and 

Velten’s (1968) self-referential statements was used. Previous studies have found this 

combination to be effective in inducing the intended mood state (Joseph et al., 2020; 

Richell & Anderson, 2004; Ter Kuile et al., 2010). Based on the procedure of Clapham 

(2001), the self-referential statements were taken from Velten's (1968) original study 

with the exception that neutral statements were replaced with excerpts from a word 

processing manual (Convergent Technologies, 1983). This approach was deemed 

necessary because previous research has shown that the original neutral statements, 

which cover a range of topics and contain diverse information, can enhance subsequent 

creative performance. Word processing instructions, by contrast, do not appear to 
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influence affect or creativity (Clapham, 2001), and so were deemed more appropriate 

for the current experiment. Example sentences from each of the three induction 

procedures are presented in table 4-1. For a full list of all sentences used, see appendix 

2. 

Table 4-1. Example sentences used in the mood induction 

Mood induction Example Sentence 

Positive “If your attitude is good, then things are good and my attitude is 

good” 

Negative “I feel terribly tired and indifferent to things today” 

Neutral “The installation guide describes the procedure for powering up a 

system.” 

 

Regarding the musical excerpts used for the mood induction, participants in the happy 

condition listened to Symphony 6 in F Major, Op. 68 “Pastoral” by Beethoven, and those 

in the sad condition listened to Adagio in G Minor by Albinoni. Previous studies have 

found these pieces to be effective in inducing the desired mood state (Jefferies et al., 

2008; Ribeiro et al., 2019; Västfjäll, 2001). In the neutral condition, participants 

listened to “La Mer: From Dawn until Noon on the Sea” by Debussy, since previous 

research has found that it does not have any significant effect on mood (Martin & 

Metha, 1997). Before the mood induction procedure, participants were told that they 

would be required to read a series of sentences presented on the computer screen, and 

that they would also listen to some music during this time. To reduce potential effects 

of demand characteristics, participants were not explicitly instructed to attain a 

particular mood state. A meta-analysis of mood induction studies has also suggested 

that adding explicit instructions does not necessarily increase the effectiveness of the 

induction (Joseph et al., 2020). During the induction, participants were presented with 

45 sentences (Velten statements or neutral statements) on a computer screen at a rate 
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of 10 seconds each and were asked to read each statement carefully as it was 

presented. Participants also listened to the mood-appropriate music via headphones 

during this time. After all 45 sentences had been presented, participants continued to 

listen to the music for an additional 30 seconds. Thus, the mood induction lasted for a 

total of 8 minutes. Previous studies have shown that this is sufficient time for the mood 

induction procedure to be effective (Gendolla & Krüsken, 2001; Marcusson-Clavertz et 

al., 2019; van der Zwaag et al., 2012). Initial piloting of the mood induction procedure 

using this duration also suggested that it had the desired effect on participants’ mood 

(see section 4.2.5 below for mood assessment details).  

4.2.4 Procedure 

All participants gave informed consent and provided demographic information 

including age, gender and current year of academic study (or total years of PDE study if 

they had already graduated). They were then assigned to one of four conditions: a) 

incubation with happy mood induction, b) incubation with sad mood induction, c) 

incubation with neutral mood induction or d) control condition with no incubation 

period. Assignment to conditions was pseudo-randomised such that PDE education 

levels were balanced across conditions.  

Participants in the three incubation conditions firstly performed the ideation task for 8 

minutes. Following this, they were asked to stop performance of the ideation task and 

to complete the mood assessment questionnaire. To prevent participants consciously 

thinking about the task during the incubation period, at this point they were not told 

that they would return to the ideation task after the break. Previous incubation studies 

have taken this approach, both in general creativity (Ellwood et al., 2009; Snyder et al., 

2004) and in design (Al-Shorachi et al., 2015; Tsenn et al., 2014). Following completion 

of the mood questionnaire, which took approximately 1 minute to complete, 
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participants then undertook the relevant mood induction procedure (i.e. happy, sad, 

neutral).  

After completion of the mood induction, participants filled out the mood questionnaire 

once more. Thus, the incubation period lasted for approximately 10 minutes (including 

8 min induction and pre-/post- questionnaire). Finally, participants returned to the 

ideation task for a further 8 minutes. They were asked not to repeat any concepts they 

had generated in the first phase. 

In the control group, participants simply performed the ideation task continuously for 

16 minutes. Concepts generated in the first 8 minutes and last 8 minutes of the task 

were time stamped as such by the researcher, so as to allow for comparison with 

participants’ pre- and post- incubation performance in the other groups.  

4.2.5 Mood assessment 

The Scale for Mood Assessment (EVEA; Sanz, 2001) was used to assess participants’ 

mood before and after the mood induction. This scale was developed specifically for 

use in mood induction experiments (Sanz, 2001) and numerous studies have shown 

that it is sensitive to changes across a variety of mood states (Pereira & Vargas, 2005; 

Sanchez Lopez, 2011; Sanchez et al., 2013). The scale includes 16 items, each composed 

of a self-referential statement relating to one of four mood states, including happiness 

(e.g. “I feel optimistic), sadness-depression (e.g. “I feel depressed”), anger-hostility (e.g. 

“I feel irritated”) and anxiety (e.g. “I feel nervous). Each statement is accompanied by an 

11-point Likert scale ranging from 0 (“not at all”) to 10 (“very much”). There are four 

items per each mood state assessed. The full questionnaire is provided in appendix 3. 

In the current study, only participants’ scores on the happiness and sadness-depression 

scale were included in the analyses, since the mood induction procedures were 
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specially focused on these two mood states. In addition, previous studies attempting to 

induce happiness and sadness have tended not to measure changes along other mood 

dimensions such as anger and anxiety (Greenberg & Meiran, 2014; Hervas & López-

Gómez, 2016; Hills et al., 2001; Misalidi & Bonoti, 2014; Roisman et al., 2006).  

4.2.6 Ideation performance assessment 

The ideation task was scored in terms of fluency (number of ideas generated) and 

novelty. Two independent raters were recruited to carry out the novelty assessment 

(Rater 1 and 2 from study 1). The raters followed the same procedure as that used in 

study 1, which may be considered a variant of the consensual assessment technique 

(CAT; Amabile, 1982). Both raters assessed all of the concepts produced from the task 

on a scale of 1 (least novel) to 7 (most novel). Consistent with the CAT method, raters 

were instructed to use their own subjective definition of novelty, and to rate concepts 

against one another. However, they were also asked to consider products that already 

exist in the world, which is not generally required in the CAT method.   

Since only two raters were recruited, rather than three (as in the previous study), inter-

rater reliability was assessed using an intra-class correlation (ICC). As in study 1, the 

focus was on consistency between the two raters rather than absolute agreement. 

There are several forms of ICC analysis and the one that is applied depends on a 

number of factors (Koo & Li, 2016; McGraw & Wong, 1996). In this case, a two-way 

random effects model was applied, which is used when raters are selected from a larger 

sample of raters with similar characteristics (in this case, individuals with design 

expertise), and when the ratings are expected to generalise to this larger sample. The 

‘multiple raters’ form of this model was used, which applies to situations where judges 

scores will be averaged together, e.g. to yield a single score for each item being rated 

(as was the case in this study).   
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With regards to interpretation of the ICC, several guidelines have been proposed for 

this. Cicchetti and Sparrow (1981) suggest that values below .4 indicate poor reliability, 

values between .40-.60 indicate moderate reliability, values between .60 and .75 

indicate good reliability, and values above .75 indicate excellent reliability. More recent 

guidelines by Koo and Li (2016) suggest that values below .50 indicate poor reliability, 

values between .50-.75 indicate moderate reliability, values between .75 and .90 

indicate good reliability, and values above .90 indicate excellent reliability. Since the 

ICC figure is only a statistical estimate of the true ICC value, it is also recommended that 

95% confidence intervals are taken into consideration (Koo & Li, 2016). These indicate 

an upper and lower bound between which there is a 95% chance the true ICC value lies.  

In the current study, the ICC (with 95% confidence intervals) between the two judges’ 

ratings was .531 (.417 - .622). Within Cicchetti and Sparrow’s (1981) guidelines this 

indicates moderate to good interrater reliability, whereas within Koo and Li’s (2016) 

guidelines this suggests poor to moderate interrater reliability. Taking both sets of 

guidelines into account, the ICC estimate (with confidence intervals) for the current 

study was therefore taken to indicate moderate interrater reliability.  

After establishing inter-rater reliability, each judge’s ratings were then averaged 

together to give an aggregate novelty score for each concept. For participants in the 

incubation group, a pre- and post- incubation novelty score was then calculated for 

each participant, which reflected their average novelty score in the pre- and post- 

incubation phase, respectively. For participants in the control group, an average 

novelty score for was calculated separately for concepts generated in the first and last 8 

minutes of the task.  
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4.3 Results  

4.3.1 Mood induction effectiveness 

Participants’ mean happiness and sadness scores before and after the mood induction 

for the three experimental groups are presented in table 4-2. In addition, participants’ 

change scores (pre- and post- induction) for happiness and sadness levels are 

presented in figure 4-1. 

Table 4-2. EVEA happy and sadness scores before and after the mood induction for the 
three experimental groups. Each scale ranged from 0-10. 

 Happy induction Sad induction Neutral induction 

 Pre Post Pre Post Pre Post 

Happiness 5.65 (1.53) 6.18 (1.58) 5.75 (2.27) 4.17 (2.80) 5.49 (1.48) 5.10 (1.57) 

Sadness 1.01 (.96) .60 (.79) 1.23 (1.65) 2.79 (2.21) .60 (.80) .68 (.82) 
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Figure 4-1. Participants’ happiness (1a) and sadness (1b) scores on the EVEA mood scale before 
and after the mood induction. 

 

4.3.1.1 Manipulation checks 

Manipulation checks were carried out separately for the happy and sad mood induction 

in order to examine their impact on participants’ mood. In both cases, mood scores 

reported by the neutral group were used as a control.  
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Happy mood induction 

To examine the effectiveness of the happy induction, a two-way mixed ANOVA was 

conducted with time as the within-subjects factor (pre- and post- mood induction) and 

mood induction type (happy, neutral) as the between-subjects factor. The dependent 

variable was participants’ happiness scores on the EVEA. A significant interaction 

between time and induction condition was hypothesised such that before the mood 

induction there would be no significant differences between the two groups’ happiness 

scores, whereas following the mood induction, the happy mood induction group would 

have significantly higher happiness scores than the neutral induction group. It was also 

hypothesised that the happy induction group would report significantly higher levels of 

happiness after, as compared to before, the mood induction.  

As hypothesised, the two-way mixed ANOVA revealed a significant interaction between 

time and induction condition, F(1, 34)=4.760, p=.036, η2p=.123. Planned comparisons 

using t-tests revealed that, following the mood induction, the happy induction group 

(M=6.18 , SD=1.58) reported significantly higher levels of happiness than the neutral 

induction group (M=5.10, SD=1.57, p=.046). The comparison between the happy 

induction group’s scores before (M=5.56, SD=1.53) and after (M=6.18, SD=1.58) the 

mood induction showed a trend in the direction expected but did not reach significance 

(p=.058). This could be due to the fact that participants in the happy group (as with all 

groups) reported moderately high levels of happiness before the mood induction. 

Sad mood induction  

To examine the effectiveness of the sad induction a similar approach was used to the 

above. However, participants’ pre- and post- sadness scores both had a skewness level 

in excess of 1 (pre=2.651; post=1.772) indicating that the data were positively skewed. 

Thus, the data for both measures were transformed to render the data more suitable 
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for parametric analysis. The data were transformed using the square root method 

(which involved calculating the square root of the original score), since this method can 

be used with positively skewed data that includes zero values. 

Following data transformation, a two-way mixed ANOVA, was conducted, with time as 

the within-subjects factor (pre- and post- mood induction) and mood induction type 

(sad, neutral) as the between-subjects factor. The dependent variable was participants’ 

sadness scores on the EVEA. A significant interaction between time and induction 

condition was hypothesised such that before the mood induction there would be no 

significant differences between the two groups’ sadness scores, whereas following the 

mood induction, the sad mood induction group would have significantly higher sadness 

scores than the neutral induction group. It was also hypothesised that the sad induction 

group would report significantly higher levels of sadness after, as compared to before, 

the mood induction.  

As hypothesised, the two-way mixed ANOVA revealed a significant interaction between 

time and induction condition, F(1, 34)=9.003, p=.021, η2p =.147. Planned comparisons 

using t-tests revealed that, following the mood Induction, the sad induction group 

(M=2.79, SD=2.21) reported significantly higher levels of sadness than the neutral 

induction group (M=.68, SD=.82, p=.001). In addition, the sad induction group reported 

significantly higher levels of sadness after (M=2.79, SD=2.21) as compared to before 

(M=1.23, SD=1.65) the mood induction.  

Overall, the manipulation checks revealed that the happy and sad mood induction were 

effective in inducing the intended mood state. The one exception to this was that the 

comparison between the happy induction group’s pre- and post- induction score 

showed a trend in the direction expected but did not reach significance. As highlighted, 
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this could be due to the fact that participants in this group reported moderately high 

levels of happiness at baseline.   

4.3.2 Ideation performance before and after the incubation period 

A total of 340 concepts were generated in the study. Of these, 11 (3.23%) were 

removed because they did not meet the requirements of the design brief or did not 

provide enough information to be interpreted by the raters. In the following sections, 

differences between the four groups’ ideation performance in terms of fluency and 

novelty are assessed, both before and after the incubation period. 

For both fluency and novelty, it was established whether or not a general incubation 

effect (i.e. non-mood related) had occurred by firstly comparing the control condition 

with the neutral incubation condition. For both performance metrics, a significant 

interaction effect (assessed via a 2-way ANOVA) was hypothesised such that within the 

first 8 minutes of the ideation task there would be no significant differences between 

the two groups, whereas in the last 8 minutes the neutral group incubation would have 

significantly higher fluency and novelty scores than the control condition. Following 

this, it was then examined whether there were any differences in ideation performance 

between the three incubation groups (i.e. happy, sad, and neutral). Based on the 

findings from study 1, as well as existing literature on the relationship between creative 

cognition and mood, it was hypothesised that the happy incubation group would 

outperform the other two groups following the incubation period. Accordingly, an 

interaction effect was hypothesised such that there would be no significant differences 

between the groups before the incubation period, whereas the happy incubation group 

would show significantly higher fluency and novelty than the other two groups 

following the incubation period.  
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Fluency 

Differences in ideation performance between the groups were examined firstly for 

fluency. Participants’ average fluency scores across the four groups are presented in 

table 4-3. Note that for the experimental groups (happy, sad, neutral induction), the 

first and last 8 minutes correspond to the pre-incubation and post-incubation phase, 

respectively.  

Table 4-3. Mean number of concepts generated in the first and last 8 minutes of the 
ideation task 

 Condition Mean SD Range 

First 8 minutes Control (n=18) 2.44 .86 1 - 5 
 Happy (n=18) 2.28 1.07 1 - 5 
 Sad (n=18) 2.17 .62 1 - 3 
 Neutral (n=18) 2.28 .75 1 - 4 
     
Last 8 minutes Control (n=18) 2.22 1.1 1 - 4 

 Happy (n=18) 2.33 1.13 1 - 5 
 Sad (n=18) 2.33 1.03 1 - 5 
 Neutral (n=18) 2.06 .80 1 - 3 

 

Before carrying out the relevant statistical analysis, participants’ pre- and post- 

incubation scores fluency were checked for outliers. For the pre-incubation fluency 

measure, two outliers were identified (both > 3 standard deviations above the mean). 

No outliers were identified on the post-incubation fluency measure. Note that for all 

statistical analyses reported below, outliers are included as their exclusion was not 

found to impact the results. Finally, in terms of data distribution, both the pre- and 

post- incubation fluency scores had a skewness level of < 1, thus the data were deemed 

suitable for parametric analysis. 

To examine whether a general incubation effect had occurred, differences in fluency 

between the control group and the neutral group were assessed using a 2-way mixed 

ANOVA, with time as the within-groups factor (pre- and post- incubation), and 
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incubation condition (neutral incubation or control) as the between-groups factor. The 

interaction between time and incubation condition was non-significant, suggesting no 

incubation effect had occurred, F(1, 34)<.01, p=1.000, η2p =.000. In addition, the main 

effects for time, F(1, 34)=2.00, p=.166, η2p =.056 and incubation condition, F(1, 34)=.44, 

p=.514, η2p =.013, were non-significant. 

Following this, differences among the three incubation groups were examined in order 

to assess whether there were any differences between incubation with and without a 

mood induction. A 2-way mixed ANOVA was conducted with time as the within-groups 

factor (pre- and post- incubation), and incubation condition (happy, sad and neutral) as 

the between-groups factor. The interaction between time and incubation condition was 

non-significant, F(1, 51)=.70, p=.501, η2p =.027, therefore the hypothesis that the happy 

incubation group would show significantly higher fluency than the other two groups 

following the incubation period was not supported. In addition, the main effects for 

time, F(1, 51)<.01, p=1.000, η2p =.000 and incubation condition, F(1, 51)=.15, p=.862, 

η2p =.006, were non-significant. Overall, there did not appear to be any significant 

differences between the incubation groups in terms of fluency. 

Novelty  

Differences in ideation performance between the groups were then examined in terms 

of novelty of ideas generated. The mean novelty score of all four groups in the first and 

last 8 minutes of the ideation task are presented in table 4-4. Again, the first and last 8 

minutes of the task corresponds to pre-incubation and post-incubation for 

experimental groups.  
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Table 4-4. Mean novelty score for concepts generated in the first and last 8 minutes of 
the ideation task 

 Condition Mean  SD Range 
First 8 minutes Control (n=18) 2.71 .89 1.00 - 5.25 
 Happy (n=18) 2.85 .60 1.75 - 3.60 
 Sad (n=18) 2.71 .47 1.75 - 3.50 
 Neutral (n=18) 2.71 .79 1.75 - 4.75 
     
Last 8 minutes Control (n=18) 2.91 1.16 1.50 - 5.50 
 Happy (n=18) 3.03 .68 1.75 - 4.13 
 Sad (n=18) 2.73 .88 1.63 - 5.13 
 Neutral (n=18) 3.20 .61 2.50 - 4.38 

 

Before conducting the appropriate statistical analyses, the data were firstly checked for 

outliers. This revealed one for the pre-incubation novelty measure (> 3 standard 

deviations from the mean). No outliers were found for the post-incubation novelty 

measure. Again, outliers were included in the analyses reported below as their 

exclusion was not found to impact the results. In terms of data distribution, scores for 

both pre-incubation and post-incubation novelty had a skewness level of < 1, thus the 

data were deemed suitable for parametric analysis.  

Firstly, as above, differences between the neutral and control group were examined in 

order to establish whether incubation in general had any influence on ideation 

performance. To assess this, a 2-way mixed ANOVA, with time as the within-groups 

factor (pre- and post- incubation), and incubation condition (neutral incubation or 

control) as the between-groups factor. The interaction between time and incubation 

condition was non-significant, suggesting no incubation effect had occurred, F(1, 

34)=.57, p=.456, η2p=.016. In addition, the main effects for time, F(1, 34)=3.41, p=.073, 

η2p=.091 and incubation condition, F(1, 34)=.41, p=.525, η2p =.012, were non-

significant. Thus, there was no evidence that a general incubation effect had occurred. 

It was then examined whether there were any differences between the incubation 

groups with and without a mood induction. A 2-way ANOVA was conducted, with time 
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as the within-groups factor (pre- and post- incubation), and incubation condition 

(happy, sad and neutral) as the between-groups factor. The interaction between time 

and incubation condition was non-significant, F(1, 51)=1.49, p=.234, η2p =.055, 

therefore the hypothesis that the happy incubation group would show significantly 

higher novelty than the other two groups following the incubation period was not 

supported. In addition, there was no significant main effect of condition, F(1, 51)=1.00, 

p=.375, η2p =.038. There was, however, a significant main effect of time, F(1, 51)=.4.22, 

p=.045, η2p =.076, such that novelty scores across groups were found to be higher 

following the incubation period (M=2.99, SD=.74) as compared to before the incubation 

period (M=2.76, SD=.63). While this might be interpreted as an incubation effect, it 

should be noted that there was a trend towards a main effect of time when comparing 

the neutral incubation group with the non-incubation control (p=.073, reported above). 

Therefore, the results may suggest that there was a tendency for participants to 

generate more novel ideas with increasing time on task (regardless of whether or not 

an incubation period was given).       

4.4 Discussion  

The present study examined the influence of a happy, sad and neutral mood induction 

during the incubation period on subsequent design ideation. The results revealed that 

firstly, there was no evidence of a general i.e. non-mood related incubation effect in that 

there were no significant differences in ideation performance (fluency and novelty) 

between the neutral incubation group and the control group. Moreover, there were no 

significant differences in ideation performance between the three incubation groups, 

showing no support for the hypothesis that positive mood during incubation would 

have a particularly beneficial effect on subsequent ideation. While there was no 

evidence for an incubation effect in the current study, the results did reveal a tendency 
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for all participants to generate more novel ideas in the latter half of the task. This is a 

robust phenomenon in the creativity literature known as the serial order effect. This 

finding is relevant to both the current study and study 3, and is therefore included in a 

more general discussion provided chapter 6 (section 6.5.1). The remainder of this 

chapter will focus on potential reasons for the lack of incubation effects in the current 

study, both in general and in relation to mood.  

4.4.1 Absence of general incubation effect  

The current study found no evidence that incubation facilitates design ideation, neither 

in terms of the fluency or novelty of ideas generated. This finding is inconsistent with 

the wider literature suggesting that incubation has a positive impact on subsequent 

creativity. For instance, a meta-analysis of 117 incubation studies suggested that 

incubation has an overall positive effect on subsequent creative problem solving (Sio & 

Ormerod, 2009). In addition, subsequent reviews of the incubation literature have 

generally assumed that the effect is robust and have instead focused on the potential 

mechanisms that may underlie it, such as unconscious processing (Gilhooly, 2016; 

Ritter & Dijksterhuis, 2014) or the forgetting of misleading memory contents (Dodds et 

al., 2004; Smith & Blankenship, 1991). An important caveat with the existing evidence 

for incubation, however, is that the majority of this comes from studies using generic 

creativity tasks (e.g. AUT, RAT) or problem solving tasks (e.g. 9-dot problem), with 

comparatively less focus on domain-specific tasks. Thus, a broad explanation for the 

current results is that incubation is simply less effective in more domain-specific, 

applied creativity settings.  

Indeed, as highlighted by the literature review chapter in chapter 2 of this thesis, the 

evidence for the benefits of incubation in a design context has been somewhat 

inconsistent. For example, Tsenn et al. (2014) found that incubation successfully 
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reduced design fixation, in that designers exposed to fixating stimuli were found to 

borrow significantly less features from these examples after, as compared to before, the 

incubation period. However, Tsenn et al. (2014) also compared the performance of the 

incubation group with a non-incubation control group and found incubation actually 

impaired performance in terms of novelty and quality. Moreover, the notion that 

incubation helps overcome design fixation has not been reliably supported. For 

instance, Cardoso and Badke-Schaub (2009) found that incubation did not relieve 

example-induced fixation in a sample of industrial design students. Overall, these 

findings align with the results of the current study and suggest that incubation is not an 

effective way of improving design ideation. 

In contrast to the current findings, however, some studies have found more favourable 

evidence for the utility of incubation in a design context (Al-Shorachi et al., 2015; 

Starkey et al., 2020; Vargas-Hernandez et al., 2010). For instance, Vargas-Hernandez et 

al. (2010) examined the effects of an incubation period on subsequent design ideation 

in a sample of mechanical engineering students. Findings showed that incubation was 

effective in improving ideation across a number of performance metrics including 

novelty, quality and variety. Interestingly, in the same study Vargas-Hernandez et al. 

(2010) also examined the effects of incubation on a divergent thinking task in a sample 

of psychology students. Again, the benefits of incubation were observed across a 

number of measures on this task. Accordingly, the authors concluded that there is a 

high degree of alignment (i.e. generalisability) between the effects of incubation in 

these two domains. However, it should be noted that the nature of the incubation 

activity (and duration) across these two experiments was different in several respects. 

In the design study, participants were given a three-day, unsupervised incubation 

period, whereas in the divergent thinking study, participants were given a 10-minute 

incubation period during which they were given a maze completion task. Thus, there 
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were potentially a range of different factors separately influencing subsequent 

performance in both cases. For instance, given the duration of the incubation period in 

the design study, participants may have had greater opportunity to consciously 

thinking about the problem and/or encounter inspirational stimuli in the environment. 

For a clearer comparison of the effects of incubation across these two domains of 

creativity, future research may wish to use the same incubation task in both settings. 

Overall, while the majority of studies using generic creativity tasks have found support 

for the efficacy of incubation, results within the design literature have been more 

inconsistent. Some design studies have found incubation effects whereas others have 

not, and in some cases the incubation has been found to have a negative influence on 

performance (Tsenn et al., 2014). Therefore, the lack of any incubation effect in the 

current study is not wholly surprising and may reflect the fact that incubation is simply 

less effective when applied to more domain-specific forms of creativity such as design 

ideation. While it is difficult to provide a definitive explanation for why this would be 

the case, there are a number of possibilities. One explanation is that incubation disrupts 

creative flow, a concept introduced by Csikszentmihalyi (1975) which refers to a state 

of full immersion in an activity or ‘being in the zone’ (Cseh et al., 2015; Rogatko, 2009). 

The importance of this state of mind across various fields of domain-specific creativity 

has been noted. For instance, MacDonald et al. (2006) found that the achievement of a 

state of flow was related to increased creativity during musical composition. 

Importantly, the experience of flow also tends to precede the discovery of a solution in 

design ideation (Dorta et al., 2008; 2011). Given the important role of flow in design 

ideation, it is certainly conceivable that any interruption to this process (such as 

incubation) would have detrimental effects on creative performance. Consistent with 

this notion, Tsenn et al. (2014; described above) suggested that a potential reason why 

the control group in their study outperformed the incubation group across a number of 
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measures was due to incubation causing a break in concentration. In the current study, 

however, it does have to be recognised that no differences in performance were 

observed between the control conditions and incubation conditions, whereas if flow 

interruption was a significant factor, a performance decrement in the incubation 

groups would be expected here. Nonetheless, the potentially disruptive effects of 

incubation on flow state could be one explanation why incubation has received less 

favourable support in the design literature as compared to more generic creativity 

tasks.  

Another potential explanation, which is related to the above, concerns individual 

preference. Designers likely have an established routine which they follow when 

carrying out concept generation for actual projects in their professional life, or as part 

of their educational curriculum in the case of design students. For some individuals, 

this may involve some form of incubation period which they utilise in order to increase 

their creative output; though for others, this may involve a prolonged period of 

continuous work on the problem. For those in the latter group, incubation may have 

limited utility and in fact could actively disrupt performance. If this is the case, it could 

explain why incubation has had mixed support in the design literature and would at 

least partially account for why no incubation effect was observed in the current study.  

This can be contrasted with more generic creativity tasks, where participants are very 

unlikely to have established routines and preferences related to how they perform 

these. In such cases, incubation would be less likely to disrupt performance or remove 

participants from a routine that they are used to. From this perspective, it can be 

predicted that the incubation paradigm utilised in the current study would be more 

effective in improving performance on a standard creativity task. This issue is 

addressed in study 3 of the thesis (Chapter 5), which examined the influence of the 
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current incubation procedure on subsequent visual creativity within a sample of 

participants who were from a non-design background. 

4.4.2 The role of mood during incubation period 

The above discussion relates to some of the possible factors that may explain why 

incubation in general was not effective in improving design ideation. However, it is also 

important to explore why there did not appear to be any mood-related incubation 

effects, contrary to the hypothesis that positive moods during incubation would have a 

particularly beneficial impact on subsequent performance. In the following section, 

some potential explanations for why this hypothesised effect did not occur are 

discussed. 

4.4.2.1 Counteractive effects of mood on design cognition 

One possibility is that the positive mood induction enhanced some of the cognitive 

processes contributing to design ideation, while having a negative impact on others. 

The results of study one suggested that associative flexibility, general retrieval (Gr), 

fluid intelligence (Gf) and lowered inhibition are key cognitive processes involved in 

the generation of novel design concepts. With regards to associative flexibility and Gr, 

studies tend to reliably show that positive mood has a beneficial impact on these 

processes (Ashby et al., 1999; Bartolic et al., 1999; Phillips et al., 2002), and so it is 

expected that these would have been enhanced by the happy mood induction 

administered in the current study.  

For reduced inhibition and Gf the evidence is less clear cut. Several studies suggest that 

positive mood reduces inhibitory control (Braver et al., 2001; Phillips et al., 2002) and 

facilitates access to a wider range of semantic associates (Rowe et al., 2007). In this 

way, a positive mood induction would be expected to enhance design ideation by 
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impairing inhibition. However, there appears to be some inconsistency in the literature 

regarding the relationship between inhibition and positive mood. A number of studies 

have suggested that positive mood may actually improve inhibition (Aisenberg et al., 

2015; Frühholz et al., 2009) whereas other research has simply found no relationship 

between the two (Martin & Kerns, 2011). It is therefore possible that the happy mood 

induction in the current study either served to increase inhibition or simply had no 

influence on this cognitive process. Either of these scenarios could have potentially 

limited the effectiveness of the mood induction on subsequent ideation, since reduced 

inhibition appears to be key for the generation of novel ideas. 

Finally, in relation to Gf, most of the evidence suggests that this cognitive process is 

impaired by both positively and negatively valanced moods (Channon & Baker, 1994; 

Jung et al., 2014; Oaksford et al., 1996). A common explanation for such findings is that 

the mood related thoughts that tend to accompany mood states tax working memory 

resources, leaving less processing capacity available for logical reasoning to be 

performed (Baddeley, 2003; Jung et al., 2014). It has also been proposed that people 

experiencing positive moods wish to maintain this pleasurable state, and so may be 

reluctant to engage in effortful, cognitively demanding tasks such as logical reasoning 

(Melton, 1995). Irrespective of the underlying mechanism, it is clearly a possibility that 

the happy mood induction in the current study impaired logical reasoning and this 

consequentially hindered subsequent ideation. 

Overall, the notion that the positive mood induction enhanced some key cognitive 

processes (e.g. associated flexibility; Gr) but impaired others (e.g. Gf) may be linked to 

the broader perspective put forth by Davis (2009) which argues that positive moods 

may exert counter-active effects on various aspects of creative cognition, facilitating 

cognitive flexibility and the adoption of multiple perspectives, but also impairing the 
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more analytical aspects of creative cognition (e.g. evaluation, critical thinking). As such, 

the overall benefits of positive mood on ideation may be considerably reduced in more 

applied, domain-specific creativity tasks such as design ideation, which require both 

divergent, associative processes (in order to generate novel ideas) but also more 

constrained, evaluative thought (to ensure ideas are feasible and adequately address 

the problem). While divergent thinking tasks are also thought to involve evaluation, 

this may be required to a lesser extent given that divergent thinking tasks generally do 

not specify a particular problem that needs to be addressed, nor do they require 

consideration of functional and technical factors when devising solutions (Hay et al., 

2019a; Shah et al., 2003a, 2012). Thus, the current results may be due to the fact that 

positive moods are simply less beneficial on more complex, multi-dimensional 

creativity tasks such as design ideation. 

4.4.2.2 Comparisons with existing incubation literature  

It is also important to compare the current findings with existing research investigating 

the role of mood during incubation. A number of perspectives emphasise the facilitative 

effects of positive mood during incubation, for instance, in terms of stimulating 

cognitive flexibility and reducing fixation on ineffective strategies that set in before the 

break (Haager et al., 2014; Morrison et al., 2017). However, to date only one study 

(aside from the current one) has explicitly manipulated mood during the incubation 

period. In this study, Hao et al. (2015) found that positive emotions during the 

incubation period were particularly effective in enhancing subsequent design ideation.   

The discrepancy between the current findings and Hao et al.’s (2015) likely relates to 

the fact that the latter used a divergent thinking task, which as discussed above may be 

more likely to benefit from positive mood than design ideation tasks. Moreover, the 

specific divergent thinking task (instances task; Wallach & Kogan, 1965) employed by 
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Hao et al. (2015) may be particularly susceptible to the effects of a positive mood 

induction. In this task, participants are simply required to retrieve instances within a 

given category (e.g. List as many “things that can fly”; “things that can hurt people”). 

This task may thus be considered highly similar to a standard general retrieval (Gr) 

task, relying to a large extent on semantic memory retrieval as well as spreading 

activation, processes which are reliably enhanced by positive mood. Overall, the 

current findings may suggest that while mood has previously been identified as a factor 

of influence during incubation, this does not generalise to more complex, domain-

specific creativity problems.     

4.4.2.3 Comparisons with existing design literature  

It is finally important to consider the results in relation to existing work carried out 

within the design literature. The current study may be considered one of the first in the 

literature to directly investigate the impact of a positive mood induction on design 

ideation. However, several bodies of research have examined the influence of 

constructs which are closely related to mood. For instance, much research has been 

conducted regarding the relationship between humour and design, which is 

noteworthy given that humorous content is often used as a means of inducing positive 

mood.  

Although several studies have found that incorporating humour into the ideation 

process can enhance ideation (Hatcher et al., 2016; Kudrowitz, 2010) it is interesting to 

note that a study by Wodehouse et al. (2014) found that exposure to a video aimed to 

induce a humorous mood/atmosphere did not have a beneficial impact on ideation 

performance. Although there are several key differences between Wodehouse et al.’s 

(2014) study and the current one (perhaps the most salient being that the former used 
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groups rather than individual ideation) the two studies do converge to suggest that 

mood-induction procedures may have limited efficacy in a design context. 

Some caution should be exercised when drawing conclusions here, however, as 

Wodehouse et al. (2014) acknowledged that their induction procedure may not have 

worked as effectively as intended. For example, they note that while many participants 

exhibited the expected reaction to the video (i.e. laughter) some participants appeared 

to be unaffected by the procedure, and/or did not pay any attention to it. Likewise, the 

mood induction procedure employed in the current study had its own limitations 

(discussed in section 6.3.2). In light of this, perhaps an appropriate conclusion to draw 

here would be that researchers should continue to examine the utility of mood 

inductions and build on the limitations of previous studies, while also exploring the use 

of other methods to probe the potential mood-design link. For instance, experience 

sampling methods could be used to examine how the mood-ideation link may unfold 

over time (e.g. days, weeks) within organisations. As discussed in section 4.1.3 some 

work of this nature has already been carried out (Amabile et al., 2005; George & Zhou, 

2002) but such studies did not focus specifically on ideation, and participant samples 

included a range of professions beyond product design.  

4.5 Conclusion 

The current study found no evidence to support the hypothesis that incubation 

facilitates design ideation, nor was there any support for the notion that positive moods 

during incubation exert a particularly beneficial impact on subsequent incubation. In 

general, incubation may disrupt creative flow and could also interfere with established 

routines and preferences for some designers. With regards to positive mood during 

incubation, it is possible that this had counteractive effects on cognition, enhancing 

some key cognitive processes (e.g. associative flexibility, Gr) but impairing others (i.e. 
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Gf). This explanation also aligns with the view that domain-specific tasks (which 

typically require the generation of feasible solutions) benefit less from positive mood 

because while this affective state enhances novel thinking and cognitive flexibility, it 

also impairs analytical thought and critical thinking (Davis, 2009). As such, positive 

moods are not likely to exert any overall influence on tasks such as design ideation, 

which require both novel thinking but also an ability to generate practical solutions. 

Broadly, then, the results may imply that factors such as incubation and mood simply 

have reduced influence in a design context due to both population and task-related 

factors. This notion can be further explored by examining the impact of incubation on 

creative ideation within a sample of participants with a non-design background, using 

the same paradigm employed in the current study. If a general incubation effect is 

observed here, it would lend support to the argument that incubation is simply less 

effective when applied to more domain-specific tasks such as design ideation. Likewise, 

if positive mood during incubation is found to be particularly beneficial for subsequent 

performance, this would support the view that the relationship between mood and 

creative cognition is simply weaker in more applied, domain-specific settings as 

opposed to more domain-general creativity tasks. Overall, such a scenario could point 

to a disconnect between creativity as it is most commonly study in cognitive 

psychology, and creativity as it is actually applied in more professional, domain-specific 

circumstances such as design ideation. Alternatively, if, as in the present study, no 

incubation effects are observed in study 3 (either general or mood-specific), this could 

suggest that the current findings reflect more specific methodological factors 

associated with the incubation paradigm (e.g. length of preparation period; type of 

incubation task; see chapter 6 section 6.2.2 for more discussion of these issues). 



Chapter 4. The Effect of Mood During Incubation on Subsequent Design Ideation 

190 
 

To address this, in study three (reported in chapter 5), it was examined whether the 

current incubation procedure could enhance visual creativity in a sample of 

participants from a non-design background. As highlighted earlier in this chapter, 

previous work has already compared the utility of incubation in a design setting versus 

more general creative cognition as part of a larger project aiming to assess the degree 

of alignment between insights derived from design experiments and those stemming 

from cognitive psychology (Shah et al., 2003b; Vargas-Hernandez, 2007; Vargas-

Hernandez et al., 2010). Vargas-Hernandez et al. (2010) found that, in general, 

incubation had a facilitative effect on both types of creativity, suggesting a good degree 

of alignment between the two domains on this issue. However, it has to be recognised 

that this study used different incubation activities and durations across the two 

settings, which limits making a direct comparison. Moreover, the fact that no 

incubation effect was observed in the current study further suggests that Vargas-

Hernandez et al.’s (2010) conclusions may be somewhat premature. Overall, it remains 

a possibility that there are fundamental differences regarding the influence of 

incubation in a design context as compared with domain-general creativity.  
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5.1 Introduction 

Contrary to expectation, the results of study 2 found no evidence that incubation 

facilitates design ideation. A possible explanation of this is that incubation may be 

simply less effective on domain-specific creativity tasks as compared with more generic 

creativity/problem-solving tasks. Similarly, the lack of any mood-related incubation 

effects in study 2 could also point towards a weaker mood ideation relationship in 

more domain specific circumstances, as has been suggested by previous work. These 

ideas can be investigated further by examining the effects of the mood-based 

incubation paradigm in a more domain-general creativity setting. If incubation was 

found to enhance ideation under such circumstances (either in general or in relation to 

mood), it would lend support to the notion that phenomena such as mood and 

incubation tend to be more effective in relatively simplistic, domain-general creativity 

tasks, with diminished influence in more specialised, applied settings such as design 

ideation. If, however, again no incubation effects are observed here, this could suggest 

that the findings are due to specific methodological factors such as the nature of the 

incubation task or limitations with the mood induction procedure.   

To address this, empirical study 3 examined whether the mood-based incubation 

paradigm would be effective in enhancing visual creativity within a sample of 

participant from a non-design background (mainly psychology students). The creativity 

task used was the mental synthesis task, which requires participants to manipulate and 

combine raw visual forms in order to produce recognisable patterns/configurations. 

The task had been widely employed as a measure of visual creativity, and has also been 

used in the design literature e.g. to investigate the relationship between sketching and 

mental imagery manipulation (Kokotovich & Purcell, 2000). Before reporting the 
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results of empirical study 3, some relevant research literature focused on the role of 

incubation and mood specifically in visual creativity is reviewed.  

5.1.1 The role of incubation and mood in visual creativity 

Although visual creativity has received less attention in the literature, nonetheless, a 

number of studies have demonstrated the benefits of incubation in this domain. For 

instance, there is much evidence that incubation can facilitate performance of visual 

insight tasks (Browne & Cruse, 1988; Henok et al., 2020; Sio & Ormerod, 2009), i.e. 

visual-based problem-solving tasks that have only one, often counter-intuitive, 

solution. An example of this is the 9-dot problem, which requires solvers to connect a 

3x3 array of dots using no more than four straight lines and without lifting the pencil 

from paper (or tracing over previously drawn lines). Participants typically fail to realise 

(at least initially) that the problem can only be solved by extending lines outside of the 

array boundaries.   

Evidence for the utility of incubation has also been observed in more open-ended visual 

tasks. Pallier and Tiliopoulos (2011) examined the effect of incubation on both verbal 

and visual divergent thinking. In this study, participants were initially required to work 

on the creativity task (verbal or visual) until the they could no longer produce any new 

responses, after which they were informed that the task was finished and asked to 

carry out an unrelated activity. Following the incubation period, participants were 

given an unexpected return to the creativity task. In both cases, participants received a 

burst of new ideas following incubation and in the case of visual creativity, participants 

were able to generate more ideas in the second phase of the task than in the first. Given 

that participants were unaware they would return to the main task, the authors 

suggested the findings indicate a role for unconscious processing during incubation. 
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In addition, Gilhooly et al. (2015) found that the creative mental synthesis task was 

facilitated by a 5-minute incubation period during which a cognitively dissimilar task 

(solving anagrams) was performed. Interestingly, when a similar task was carried out 

during the interval (spatial rotation), no incubation effects were observed. This 

phenomenon, often referred to as the ‘similarity effect’, has been taken as support for 

the unconscious work hypothesis (since cognitively similar incubation tasks 

presumably interfere with unconscious processing of the main task and lead to weaker 

incubation effects; Gilhooly et al., 2015; Gilhooly, 2016).  

Overall, the existing evidence indicates that visual creativity can be facilitated by a 

period of incubation. However, the influence of mood on the incubation effect in this 

domain remains to be investigated. There is good reason to propose that positive 

moods during the interval could exert a particularly beneficial effect on subsequent 

performance. Incubation is held to facilitate visual insight because it provides an 

opportunity for mental set-shifting, allowing one to shake off misleading assumptions 

and to replace ineffective strategies with more fruitful ones (Henok et al., 2020; 

MacGregor et al., 2001). Experiencing positive mood during incubation could be 

particularly effective in this regard given that they are associated with cognitive 

flexibility and breaking away from rigid thought patterns (Haager et al., 2014). 

Although set-shifting accounts of incubation have mainly been applied to convergent 

thinking tasks, they may also have relevance to more open-ended problems such as the 

mental synthesis task. Indeed, Finke (1996) has likened the process of visual discovery 

on the synthesis task to the ‘aha’ experience often reported on visual insight tasks, 

suggesting that the two could rely on similar processes. Therefore, the more flexible, 

exploratory approach associated with positive moods could be beneficial during 

incubation on both constrained and open-ended visual problems. 



Chapter 5. The Effect of Mood During Incubation on Subsequent Visual Creativity 

195 
 

In addition, as discussed, the findings of Pallier and Tiliopoulos (2011) and Gilhooly et 

al. (2015) support a role for unconscious incubation effects in visual creativity. 

Unconscious work theories of incubation generally assume that unconscious activity 

takes the form of diffuse, associative processes such as semantic spreading activation 

(Dijksterhuis & Nordgren, 2006; Gilhooly, 2016; Ritter & Dijksterhuis, 2014). Applying 

this to the mental synthesis task, it may be the case that early attempts at the problem 

lead to the generation of relatively obvious, non-creative responses (e.g. adjoining a 

rectangle with the triangle to make a flag). However, spreading activation during 

incubation could lead to the broadening of conceptual boundaries and access to more 

remote associates, which may then inspire a more creative discovery (e.g. activation 

spreads from ‘flag’ to ‘golf hole’, which can then be achieved by adjoining a circle to the 

bottom of the flag configuration). As previously discussed, positive moods have been 

suggested to stimulate unconscious, remote associative processes during incubation in 

verbal divergent thinking (Hao et al., 2015), and it is possible that similar effects could 

occur with respect to the mental synthesis task. 

5.1.2 Present study 

The influence of mood during incubation on subsequent visual creativity was directly 

examined in the following empirical study, using the same incubation paradigm as 

employed in study two. In light of the literature reviewed above, a general, non-mood 

related incubation effect was hypothesised i.e. the mood neutral group were expected 

to outperform the control group. Furthermore, it was hypothesised that positive moods 

would be particularly beneficial during incubation period i.e. the positive mood 

incubation group would have higher performance following the interval than the other 

two incubation groups. 
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5.2 Methods 

5.2.1 Participants 

A total of 80 participants took part in the study (28 males, 52 females; mean age = 

23.53, SD = 8.34, range =17-63). Most participants were psychology students recruited 

from the University of Strathclyde participant pool, and they were rewarded with one 

research credit for taking part in the study. The remainder of participants were 

recruited from the general population and their participation was voluntary. Ethical 

approval for the study was granted by the University of Strathclyde’s School of 

Psychological Sciences and Health ethics committee. 

5.2.2 Creativity task 

The creativity task used in the study was Gilhooly et al.’s (2015) adapted version of the 

creative mental synthesis task (Finke & Slayton, 1988). Participants were given a sheet 

of paper with five shapes (circle, rectangle, square, triangle, letter C) and were required 

to use different combinations of the shapes to produce multiple recognisable patterns 

(see figure 5-1). Participants were asked to draw their responses on a sheet of paper 

along with a brief title for each response.  

Participants were given written instructions making them aware of the requirements 

and rules of the task. The instructions stipulated that each pattern should clearly 

correspond to its title and be easily recognisable by another person. It was emphasised 

that participants “could vary the size, position, or orientation of any part, but they could 

not bend or otherwise alter the shapes of the individual parts” (Finke & Slayton, 1988; 

p.253). They were also informed that they could not use the same shape twice in the 

one pattern. 
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Figure 5-1. Mental synthesis shapes and example responses from study 

 

Note that this version differs from Finke and Slayton’s (1988) original task in that in 

the original participants were given three shapes and required to produce one pattern 

(rather than multiple patterns). In addition, the original study required participants to 

memorise shapes and combine them from memory, whereas in the current adapted 

version participants were provided with the stimuli on a sheet of paper which remain 

visible throughout the synthesis task (Gilhooly et al., 2015). 

5.2.3 Mood induction 

The mood induction in the current study was the same in all respects as the induction 

procedure employed in study 2. For full details relating to this procedure, the reader is 

referred to section 4.2.3.   

5.2.4 Procedure 
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Participants gave informed consent at the outset of the experiment and also provided 

demographic information including age and gender. The experimental procedure was 

highly similar to study 2 (see figure 5-2 for summary), with the exception that the 

creativity task was the mental synthesis task. Note also that ideation phases of 5 

minutes were used rather than 8 minutes, as in study 2. This shorter duration was 

deemed appropriate given participants would require less time for sketching responses 

on the synthesis task as compared to the design ideation task. This duration was also 

consistent with a previous incubation study using the mental synthesis task (Gilhooly 

et al., 2015). 

 

Figure 5-2. Experimental procedure 

 

5.2.5 Mood assessment 

The Scale for Mood Assessment (EVEA; Sanz, 2001) was used to assess mood before 

and after the mood induction. As in study 2, only participants’ scores on the happiness 

and sadness-depression scale were used in the analyses. 

5.2.6 Ideation performance assessment 

Performance of the mental synthesis task was assessed in terms of fluency and novelty. 

Novelty was subjectively assessed by three independent raters. Where appropriate, the 

rating method was kept consistent with the previous two studies: the raters were 
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required to assess novelty on a scale of 1 (least novel) to 7 (most novel), and were 

asked to rate participants’ responses relative to one another. However, the procedure 

was different in that raters were selected randomly and were not chosen for their 

expertise in a particular area (given the domain-general nature of the creativity task). 

In addition, there was no requirement for participants to consider any external 

standard or reference point relating to novelty (in study 1 and 2, judges were required 

to consider existing products when making evaluations). Since more than two raters 

were used, inter-rater reliability was assessed using Cronbach’s alpha. This revealed 

good consistency between the three raters (α =.87).   

Following inter-rater reliability analysis, each response was given an average score 

based on the ratings of the three judges. From this, participants’ average pre- and post- 

incubation novelty score was calculated (or first and last 5 minutes for participants in 

the control group). 

5.3 Results 

5.3.1 Mood induction effectiveness 

Mean happiness and sadness scores for the three induction groups are presented in 

table 5-1. In addition, participants’ pre-post change scores for happiness and sadness 

levels are presented in figure 5-3. 

Table 5-1. EVEA happy and sadness scores before and after the mood induction for the 
three experimental groups. Each scale ranged from 0-10. 

 Happy induction Sad induction Neutral induction 

 Pre Post Pre Post Pre Post 

Happiness 6.41 (1.34) 7.31 (1.40) 6.53 (1.97) 5.24 (1.95) 6.01 (1.57) 5.56 (1.53) 

Sadness .79 (1.02) .61 (.81) 1.40 (.35) 2.31 (1.39) 1.68 (1.62) 1.39 (1.13) 
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Figure 5-3. Participants’ happiness (1a) and sadness (1b) scores on the EVEA mood scale before 
and after the mood induction. 

 

5.3.1.1 Manipulation checks  

The effects of the happy and sad mood induction on reported mood levels were 

examined separately. In both cases, mood levels reported by the neutral group were 

used as a control. 
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The effectiveness of the happy induction was assessed using a two-way mixed ANOVA, 

with time as the within-subjects factor (pre- and post- mood induction) and mood 

induction type (happy, neutral) as the between-subjects factor. The dependent variable 

was participants’ happiness scores on the EVEA. The ANOVA revealed a significant 

interaction between time and induction condition, F(1,38)=18.29, p<.001, η2p=.325. 

Planned comparisons with t-tests found that the happy induction group (M=7.31, 

SD=1.40) reported significantly higher levels of happiness than the neutral induction 

group (M=5.56, SD=1.53, p =.001) following the mood induction. In addition, the happy 

induction group reported significantly higher levels of happiness after (M=7.31, 

SD=1.40), as compared to before (M=6.41, SD=1.34, p =.001), the mood induction.  

Sad mood induction 

Manipulation checks for the sad mood induction were carried out as above. However, 

since participants’ pre-induction sadness scores were positively skewed (skewness >1), 

the data were transformed using the square root method (i.e. taking square root of the 

original score). 

Following this, a two-way mixed ANOVA was performed with time as the within-

subjects factor (pre- and post- mood induction) and mood induction type (sad, neutral) 

as the between-subjects factor. The dependent variable was participants’ sadness 

scores on the EVEA. The ANOVA showed a significant interaction between time and 

induction condition, F(1,38)= 11.30, p=.002, η2p=.229. Planned comparisons using t-

tests revealed that, following the mood Induction, the sad induction group (M=2.31, 

SD=1.39) had significantly higher sadness scores than the neutral induction group 

(M=1.39, SD=1.13, p=.026). In addition, the sad induction group showed a significant 

pre- (M=1.40, SD=.35) to post- induction (M=2.31, SD=1.39, p=.004) increase in sadness 

levels, as expected. 
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Overall, both mood inductions appeared to be successful in inducing the intended mood 

state. 

5.3.2 Mental synthesis performance before and after the incubation 

period 

A total of 642 responses were generated in the study. A small number of these (n=4) 

were removed because they did not conform to the rules of the task. 

Performance on the mental synthesis task was assessed separately for fluency and 

novelty. All analyses were carried out using a 2-way mixed ANOVA. For both metrics, 

performance was firstly compared between the control group and the neutral 

incubation condition, in order to establish whether a general incubation effect had 

occurred. A significant two-way interaction was expected for both measures, such that 

the two groups would not show significant differences the first 5 minutes, whereas in 

the last 5 minutes, the neutral incubation would outperform the control group. In order 

to examine the influence of mood during incubation, mental synthesis performance 

then compared between the three incubation groups. An interaction effect was 

predicted whereby the three groups would not significantly differ during the pre-

incubation phase, whereas following incubation, the happy group would have superior 

performance. 

Fluency 

Mean fluency scores (number of responses) across the four conditions are presented in 

table 5-2.  Note that for the three induction groups, the first and last 5 minutes 

corresponds to pre- and post- incubation, respectively. 
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Table 5-2. Mean number of responses generated in the first and last 5 minutes of the 
mental synthesis task 

 Condition Mean SD Range 

First 5 minutes Control (n=20) 4.80 1.06 3 – 6 
 Happy (n=20) 4.40  1.23 3 - 6 
 Sad (n=20) 4.30 1.42 3 - 7 
 Neutral (n=20) 4.30 1.22 2 - 6 
     
Last 5 minutes Control (n=20) 3.40 1.31 1 - 6 

 Happy (n=20) 4.05 1.40 1 - 6 
 Sad (n=20) 3.90 2.07 1 - 8 
 Neutral (n=20) 3.75 1.45 1 - 6 

 

To test for a general incubation effect differences in fluency between the control group 

and the neutral group were examined using a 2-way mixed ANOVA with time as the 

within-groups factor (pre- and post- incubation), and incubation condition (neutral 

incubation or control) as the between-groups factor. There was a significant main effect 

for time, F(1,38)=20.14, p<.001, η2p=.346, but not for incubation condition F(1,38)=.05, 

p=.825, η2p=.001. The main effect for time showed that participants produced less 

ideas in the last 5 minutes (M=3.58, SD=1.38), as compared to the first 5 minutes 

(M=4.56, SD=1.15). The interaction between time and incubation condition was 

approaching significance, F(1,38)=3.83, p=.058, η2p=.091. This suggested that while 

both groups’ fluency decreased in the latter half of the task, this effect was less 

pronounced for the incubation group (see figure 5-4). 
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Figure 5-4. Mean fluency scores for neutral incubation and control group in first and last 5 
minutes 

 

Following this, performance was then compared between the three incubation groups 

to assess for any additional influence of mood on incubation. A 2-way mixed ANOVA 

revealed a significant main effect of time, F(1,57)=4.51, p=.038, η2p=.073, again 

showing that participants had lower fluency in the second half of the task (M=3.90, 

SD=1.64) as compared with the first (M=4.33, SD=1.27).  However, the main effect of 

mood condition was non-significant, F(2,57)=.13, p=.881, η2p=.004, as was the 

hypothesised time x mood condition interaction F(2,57)=.09, p=.917, η2p=.003. 

Therefore, there was no evidence for the hypothesis that the happy incubation group 

would have superior performance to the other incubation groups following the break. 

Novelty 

Average novelty scores across the four conditions are presented in table 5-3. 
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Table 5-3. Mean novelty scores in the first and last 5 minutes of the mental synthesis 
task 

 Condition Mean SD Range 

First 5 minutes Control (n=20) 2.32 .54 1.44 – 3.33 
 Happy (n=20) 2.46 .53 1.75 – 3.33 
 Sad (n=20) 2.71 .49 1.67 – 3.67 
 Neutral (n=20) 2.34 .65 1.33 – 3.89 
     
Last 5 minutes Control (n=20) 3.03 .81 1.78 – 4.83 

 Happy (n=20) 2.88 .67 2.00 – 4.17 
 Sad (n=20) 2.80 .85 1.44 – 4.67 
 Neutral (n=20) 3.07 .96 1.58 – 4.44 

 

To assess for a general incubation effect, a 2-way mixed ANOVA was conducted with 

time as the within-groups factor (pre- and post- incubation), and incubation condition 

(neutral incubation or control) as the between-groups factor. The main effect of time 

was significant, F(1,38)=30.62, p<.001, η2p=.446, with participants generating more 

novel responses in the last 5 minutes (M=3.05, SD=.87) as compared to the first 

(M=2.33, SD=.59). However, the main effect of condition was non-significant, 

F(1,38)=.02, p=.880, η2p=.001, as was the hypothesised time x condition interaction, 

F(1,38)=.01, p=.929, η2p<.001. There was, therefore, no evidence for a general 

incubation effect in terms of novelty. 

Differences in novelty were then examined between the three incubation groups. Again, 

there was a significant main effect of time, F(1,57)= 12.75, p=.001, η2p=.183, but not for 

incubation condition, F(2,57)=.12, p=.884, η2p=.004. The main effect for time again 

showed that participants had higher novelty in the latter half of the task (pre-

incubation: M=2.50, SD=.56; post incubation: M=2.91, SD=.83). There was also a trend 

towards a significant time x condition interaction, F(2,57)=2.56, p=.083, η2p=.083. This 

appeared to be driven by the fact that while happy and neutral group showed an 

increase in novelty following the incubation period, performance in the sad group 

remained relatively unchanged (see figure 5-5). 
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Figure 5.5 Incubation groups’ mean novelty scores in first and last 5 minutes 

5.4 Discussion 

Overall, the general influence of incubation on performance was limited in this study. 

For fluency, there was a trend to suggest that while the control group and the neutral 

group showed decreased fluency in the latter half of the task, this decline was less 

marked in the incubation group. However, incubation was not found to have any impact 

on the novelty of ideas generated. In terms of mood during incubation, there was no 

evidence to support the hypothesis that positive moods would have a particularly 

beneficial impact on subsequent performance. There was, however, a trend relating to 

sad mood, such that while the control, happy, and neutral group displayed increased 

novelty in the latter half of the task (i.e. serial order effect), novelty scores in the sad 

group remained relatively unchanged. It has to be noted that both of the above effects 

did not reach statistical significance, thus may only be considered preliminary. 

5.4.1 The influence of incubation in general  

The study suggested incubation had a marginally beneficial impact on fluency, since the 

decline in fluency was less marked in the neutral group (as compared to the control 
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group). A number of other studies have suggested that incubation benefits fluency on 

visual creativity, although the benefits of incubation have typically been more 

pronounced in such cases (Gilhooly et al., 2015; Pallier & Tiliopoulos, 2011). For 

instance, Pallier and Tiliopoulos (2011) found a clear incubation effect such that 

individuals generated significantly more ideas after, as compared to before, an 

incubation period. No such improvement following incubation was observed in the 

current study. 

The current study used a “surprise return” paradigm which aims to prevent 

participants consciously working on the task during incubation. Studies observing an 

incubation effect under such circumstances have tended to interpret the results within 

the Unconscious Work theory of incubation (e.g. Ellwood et al., 2009; Pallier & 

Tiliopoulos, 2011; Snyder et al., 2004;). However, given that the benefits of incubation 

on fluency were quite marginal here, it is questionable whether unconscious work 

explains the results. In addition, the Unconscious Work theory would predict an 

incubation effect for novelty, as well as stronger incubation effects following a positive 

mood induction – neither of which were observed here. 

As such, it is important to consider explanations other than unconscious work. An 

alternative explanation for the effect is that in the initial phase of the task participants 

became committed to a particular strategy for combining/manipulating shapes, or a 

specific semantic category of responses, which may have eventually led to the slowing 

of response rate (if the approach no longer fostered new responses). It may be that 

incubation marginally facilitated breaking away from ineffective approaches and the 

adoption of new ones, which would explain the less steep decline response rate 

observed in this group. Such an explanation would be in line with the Forgetting 

Fixation theory of incubation (Dodds et al., 2004; Smith & Blankenship, 1991). 



Chapter 5. The Effect of Mood During Incubation on Subsequent Visual Creativity 

208 
 

The results could also be explained by the more straightforward Fatigue Reduction 

account of incubation, which proposes that incubation simply serves to reduce task 

related fatigue, allowing the solver to return to the problem re-energised and capable 

of devoting more attention to the task (Posner, 1973). This account has received 

limited attention in light of increasing evidence that the incubation effect is sensitive to 

many factors (e.g. length of incubation period, type of incubation task etc.), as this 

generally implies the involvement of more complex mechanisms. However, this does 

not suggest that the account should be ruled out across all situations, and it remains a 

possible explanation for why a less steep decline in response rate was observed 

following incubation here.  

5.4.2 The influence of mood during incubation period 

Contrary to expectation, there was no evidence that positive mood during incubation 

was particularly beneficial for subsequent creativity. In the introduction, some 

potential ways in which positive moods could be instrumental during incubation were 

outlined. For instance, it was proposed that positive moods could aid and the adoption 

of a more flexible, exploratory approach following an incubation period; allowing weak 

and ineffective strategies to be replaced by more novel ones. In addition, previous work 

has implied a role for unconscious spreading activation during incubation in mental 

synthesis (Gilhooly et al., 2015). It was suggested that positive moods could therefore 

stimulate such processes during incubation and lead to higher novelty, as has been 

reported in verbal divergent thinking (Hao et al., 2015). However, no such effects were 

observed. Therefore, over the course of two studies this thesis has found no evidence 

for a relationship between positive mood and creativity, which stands in contrast to the 

wider literature. This issue and its implications will be returned to in the general 

discussion (see section 6.3). 
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Note finally that there was a trend to suggest that negative moods during incubation 

had a disruptive influence on creative performance. Specifically, while the control, 

happy, and neutral group had higher novelty in the latter half of the task, no such 

improvement was observed in the negative group. The existing literature on the 

relationship between negative moods and creativity is rather inconsistent. Similar to 

the current study, previous research has found that negative mood interferes with 

creative cognition (Han et al., 2019; Vosburg, 1998). However, other studies have found 

null effects (Göritz & Moser, 2003; St-Louis & Vallerand, 2015; Verhaeghen et al., 2005), 

or even facilitative effects for negative mood (Adaman & Blaney, 1995; da Costa et al., 

2020; George & Zhou, 2002; Montani et al., 2018). As discussed in section 4.1.2, a 

critical factor here may be the type of creativity task under examination (Baas et al., 

2008; Davis, 2009; Friedman et al., 2007; Martin, 2001). Negative moods have been 

associated with constrained, analytical thought, which could be beneficial on serious 

tasks that require critical thinking and feasible solutions (Baas et al., 2008; Friedman et 

al., 2007). Conversely, this mode of processing could disrupt more ‘fun’, relatively non-

constrained creativity tasks, which might include the mental synthesis task. A caveat to 

this explanation is that if the current task was perceived as fun, enhanced performance 

following positive mood would be expected, as has been observed on previous tasks of 

this nature (Friedman et al., 2007). However, no such effects were observed which 

casts doubt on this perspective. 

There is another explanation which relates to the fact that the mental imagery 

processes involved in the synthesis task have been found to rely on visuo-spatial 

working memory resources. Using a dual-task paradigm, Pearson et al. (1999) found 

that performance on the mental synthesis task was significantly disrupted when 

carried out in conjunction with a secondary visuo-spatial task (spatial tapping), 

suggesting the tasks were competing for the same working memory resources. Notably, 
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a number of studies have found that negative moods disrupt visuo-spatial working 

memory (Figueira et al., 2017; Lavric et al., 2003) possibly due to interference from 

mood-related intrusive thoughts which leave less capacity available for task-relevant 

content. It is therefore possible that the negative mood induction in the current study 

impaired participants’ ability to hold and manipulate images in working memory 

during mental synthesis, leading to a performance decrement in this group. 

5.5 Conclusion 

While the current study did reveal some benefits of incubation in terms of fluency, this 

was rather limited and the effect did not reach significance. Importantly, the findings 

have some key commonalities with the results of study two: neither study found any 

evidence that incubation improves the novelty of ideas generated, nor was there any 

support for the view that positive moods exert a particularly beneficial influence during 

incubation. This suggests that the initial explanation for the results of study two - i.e. 

that factors such as incubation and mood are simply less effective in domain specific, 

applied settings such as design ideation – does not appear to offer a full and satisfactory 

account of the findings. In the following general discussion chapter, reflection will be 

given on specific methodological factors associated with the current incubation 

paradigm and how they might help explain the results.  
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6.1 Overview of key findings 

This thesis aimed to investigate whether incubation in general facilitates design 

ideation. Theoretically, there is good reason to suppose that incubation exerts a 

beneficial impact on ideation. However, the issue has received limited attention 

empirically and there is a lack of knowledge in this area. A second aim of the thesis was 

to explore the notion that positive moods during incubation have a particularly 

beneficial impact on subsequent design ideation. In the general creativity literature, 

positive mood is widely regarded as a key predictor of creative performance, and there 

is also evidence that positive mood during incubation stimulates unconscious, 

associative processes, thereby enhancing subsequent divergent thinking. However, no 

previous research has examined whether similar effects occur in design ideation. 

Study 1 (Chapter 3) of the thesis was a preliminary study examining the cognitive 

processes associated with the generation of novel design concepts. The study found 

that associative flexibility, general retrieval (Gr), disinhibition and fluid reasoning (Gf) 

were significantly and positively correlated with concept novelty in design ideation. 

Importantly, most of these processes (with the exception of Gf) have been shown to be 

enhanced by positive mood. This, in conjunction with existing theoretical and empirical 

work, gave further indication that positive moods during incubation could facilitate 

subsequent design ideation.  

Study 2 (Chapter 4) directly examined the influence of mood during incubation on 

subsequent ideation performance. Contrary to expectation, there was no evidence for 

the utility of incubation in general, nor was there any support for the view that positive 

moods during incubation would be particularly effective in enhancing ideation. An 

initial explanation for these findings was that factors such as incubation and mood may 

have more limited influence in applied creativity tasks. This notion was explored 
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further in study 3 (Chapter 5), which examined the effects of the mood-based 

incubation procedure on a more domain-general creativity task. While there was some 

evidence that incubation exerted different effects across the two studies (e.g. in terms 

of fluency), in most key respects the results were consistent: neither study found 

evidence that incubation improved novelty, nor was there any evidence for a positive 

mood-related incubation effect.   

In sum, the findings suggest that incubation does not facilitate design ideation, and that 

positive mood during incubation does not exert a particularly influential effect during 

ideation. However, given that similar results were observed in a more domain-general 

creativity setting (where incubation and mood have been observed to be influential), 

the findings may be due to methodological factors relating to the current paradigm, 

including issues such as the nature of the incubation activity, the ‘surprise return 

approach’, and the influence of sketching during ideation.  

In the following sections, the findings will be discussed in more detail, with focus firstly 

on the influence of incubation on ideation - both in general and in relation to mood. 

Secondly, the issue of generalisability of incubation effects across design ideation and 

more general creativity will be addressed in relation to previous work on this issue 

(Shah et al., 2003b; Hernandez et al., 2007; 2010). Thirdly, reflection is given on a 

number of key findings which are not directly related to incubation but that merit 

discussion (e.g. serial order effect). Fourthly, the implications of the findings with 

respect to design practice are discussed. Finally, some limitations with the current 

empirical studies are outlined, followed by suggestions for future research. 
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6.2 Incubation in general 

The general influence of incubation on ideation will be discussed separately with 

respect to fluency and novelty as there was evidence to suggest that these measures 

were differentially affected across the two studies.  

6.2.1 The effects of incubation on fluency 

 In study 2, there was no evidence to suggest that incubation benefited fluency on the 

design ideation task, whereas in study 3 there was some evidence that incubation 

facilitated this aspect of creativity. Specifically, while both the neutral incubation and 

control group showed a decline in fluency in the latter half of the task, this decline was 

less steep in the incubation group. A possible explanation for the discrepancy in 

findings relates to differences in task difficulty across the two studies. On average, 

fewer ideas were generated in the design task (pre-incubation: 2.29; post-incubation: 

2.24) than on the synthesis task (pre-incubation: 4.45; post-incubation: 3.78). Note that 

this is despite participants being a given longer time to generate ideas in the design 

task (2 x 8 minutes) than the synthesis task (2 x 5 minutes). This could suggest that the 

design ideation task was more difficult than the synthesis task.  

Importantly, in an early review of the incubation literature by Kaplan and Davidson 

(1989), it was proposed that “more difficult problems will need more preparation time 

prior to incubation time in order for sufficient mental contents to be generated for an 

incubation period to have a positive effect” (p.32). Mental contents may refer to initial 

ideas, as well as more generally a representation of problem constraints/requirements 

and the development of strategies and mental sets. This account assumes that if such 

mental contents are not fully formed, incubation will have little or no influence on 
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subsequent performance, which is similar to subsequent theories of incubation (e.g. 

Forgetting Fixation theory; Opportunistic Assimilation theory).  

Importantly, the relatively low number of ideas generated in the pre-incubation phase 

in study 2 (mean= 2.29) may suggest that sufficient time was not given for participants 

to carry out initial work on the task, thus the benefits of incubation were minimised in 

this case. This would explain why the facilitative effects on fluency were only observed 

on study 3, which appears to have been easier and would thus require less preparation 

time (as suggested by Kaplan & Davidson, 1989).   

While this explanation is plausible, it cannot be offered conclusively for several 

reasons. Firstly, it is inferred that the design ideation task was more difficult than the 

mental synthesis task based on the differing response rate, although more direct 

measures would be needed to confirm this (i.e. post-task questionnaire). It is possible 

that the differences in fluency alternatively reflect the additional time required for 

sketching concepts on the design ideation task, as compared to the relatively simple 

configurations produced in the synthesis task. Secondly, the notion that a significant 

period of initial work is required for incubation to take effect has been questioned both 

by theoretical perspectives on incubation (e.g. Unconscious Work theory; Gilhooly, 

2016), as well as a number of empirical findings (e.g. Dijksterhuis & Meurs, 2006; 

Gilhooly et al., 2012). Thirdly, although task-difficulty has been proposed as a 

moderating factor of the incubation effect (e.g. by Kaplan & Davidson, 1989), the 

question has received limited attention empirically. 

6.2.2 The effects of incubation on novelty 

With regards to novelty, neither study 2 nor study 3 found any evidence to suggest that 

incubation enhances this aspect of creativity. This stands in contrast to the substantial 



Chapter 6. General Discussion 

216 
 

body of theoretical and empirical literature on incubation, although the current 

findings are by no means without precedent. A significant minority of other studies 

have not observed incubation effects (Carruthers, 2016; Dorfman, 1990; Nam & Lee, 

2015; Torrance-Perks, 1997), and several reviews of the incubation literature have also 

highlighted that simply giving participants a break is by no means guaranteed to 

facilitate performance (Kaplan & Davidson, 1989; Sio & Ormerod, 2009). Such reviews 

have tended to emphasise that specific methodological factors often play a key role in 

determining whether or not incubation effects occur. In the following section, some 

potential factors are discussed that may account for the current findings. 

6.2.2.1 Incubation activity  

It is important to discuss how the current incubation activity (separate from the issue 

of mood) may have impacted the results. During incubation, participants performed a 

low-demand activity involving reading text and listening to classical music. In general, 

low-demand activities are thought to be more effective than high-demand tasks 

because they are more conducive to diffuse, associative cognition (Sio & Ormerod, 

2009). However, few studies have examined the effects of music during incubation, and 

it is possible that the genre of classical music has certain limitations in this context. For 

instance, Olton and Johnson (1976) found that an incubation period in which 

participants were encouraged to relax and listen to classical music did not benefit 

subsequent problem solving. Kaplan and Davidson (1989) subsequently suggested that 

this may have been due to participants being too relaxed following music exposure, 

thereby experiencing demotivation upon returning to the main task. It may be that 

music had similar effects in the current studies, consequentially hindering participants’ 

desire to generate novel responses. Indeed, motivation is often regarded as highly 

important for creative performance (Sternberg, 2006): participants have to genuinely 
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desire to generate novel and unique responses in order to actually do so. Demotivation 

to perform creatively following music exposure could therefore explain why novelty in 

particular seems to have been impervious to the effects of incubation, even when  

fluency showed some signs of being positively influenced by incubation (i.e. in study 3). 

On the other hand, there are a number of counter arguments here. Firstly, in Olton and 

Johnson’s (1976) study, participants were explicitly encouraged to relax while listening 

to the music, which likely contributed to the potential effects of demotivation. 

Moreover, if music exposure did demotivate participants in the current study, a 

performance decrement in the incubation groups relative to the control group would 

be expected. However, there was no evidence for such an effect – the incubation groups 

(like the control groups) generally showed an improvement in novelty over time. 

Finally, it is worth noting that many studies have found that classical music benefits 

subsequent creativity (Adaman & Blaney, 1995; He et al., 2017; Ritter & Ferguson, 

2017) further arguing against the influence of demotivation. 

Overall, there does not appear to be any compelling evidence that classical music 

actively disrupted performance here. There may be other genres/styles of music that 

work more effectively during incubation. It is also finally worth highlighting that 

individual preference is likely a key determinant of how effective music works in an 

incubation context, which may be an argument for giving participants more freedom to 

choose the music they listen to (see section 6.3.2 for discussion of this in relation to the 

mood induction procedure). 

6.2.2.2 The ‘surprise return’ approach 

In order to prevent conscious work during incubation, participants in both studies 

were not informed that following the break there would be a return to the main task. 

Note that there are other ways to prevent conscious work – e.g. inform participants 
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they will return to the main task, but use a highly demanding incubation task to prevent 

participants’ attention being diverted. However, this would have been incompatible 

with the mood induction procedure used in this research, which was by necessity of 

low cognitive demand. 

Incubation studies (both in the design and creativity literature) do not always explicitly 

report whether or not participants were made aware of a task return, and there is no 

consensus on whether this can influence the incubation effect. Among studies using a 

surprise return paradigm, the majority have observed an incubation effect of some kind 

(Al-Shorachi et al., 2015; Ellwood et al., 2009; Snyder et al., 2004; Tsenn et al., 2014). In 

addition, an early review of the incubation literature also concluded that participants’ 

awareness (or lack of awareness) of a return to the main task following the interval did 

not appear to be a factor of influence on the incubation effect (Kaplan & Davidson, 

1989).   

However, Gilhooly et al. (2012) argues that where possible participants should be 

informed of a return because, firstly, it is more ecologically valid in that in real life 

people are generally aware they will return to a suspended task. Secondly, it has been 

suggested that unconscious processes during incubation are enhanced by active goals, 

and so their effects are optimal when a task return is anticipated (Bos et al., 2008; 

Gilhooly et al., 2015). Some evidence for this perspective has been observed with 

respect to the fluency dimension of creativity i.e. participants generated more ideas 

following incubation when they were aware of a return (Gallate et al., 2012). It is not 

clear, however, whether such an effect generalises to novelty. 

Overall, the existing evidence on this issue does not reveal a clear picture but it remains 

a possibility that participants’ lack of knowledge of the task return helps explain why 

no incubation effects for novelty were observed here. As discussed, informing 
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participants would have been unfeasible given the low-demand nature of the mood 

induction procedure. Future research could explore the possibility of using more 

cognitively demanding mood induction procedures (e.g. cognitive task with 

positive/negative performance feedback), which may be more compatible with an 

‘informed task return’ approach. 

6.3 Mood during incubation  

The reported research found no evidence to support the view that positive moods 

during incubation are particularly influential in stimulating subsequent ideation, 

neither in a design context nor in a more general creativity context. While negative 

mood was not a key focus of the research, study 3 did find evidence to suggest that 

negative moods during incubation may disrupt subsequent mental synthesis. 

The initial, overarching explanation given for the results of study 2 was that the mood-

creativity link is weaker in design ideation than it is in domain-general creativity tasks. 

Note that this explanation should not be discounted completely. Previous research on 

humour and ideation has also suggested that induction procedures may have limited 

impact on subsequent performance (Wodehouse et al., 2014) and in general, much is 

still unknown about the mood-design ideation relationship. It does have to be 

acknowledged, however, that the fact similar results were observed across study 2 and 

3 makes this explanation seem less likely. As such, in the following sub-sections some 

specific methodological factors are discussed which may explain the lack of positive 

mood-related effects across both studies. Following this, the observed differences in the 

impact of negative mood across the two studies will be addressed. 

6.3.1 Experimental design 
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To date, only one other study has explicitly manipulated affect during incubation. In 

this study, Hao et al. (2015) examined the effects of brief emotion inductions (positive, 

negative, neutral) during incubation on subsequent divergent thinking. Relative to a 

control condition, incubation effects were observed for novelty across all conditions 

but with particularly enhanced effects following the positive induction. It is possible 

that the discrepancy in findings between Hao et al.’s (2015) study and the current 

research is due to differences in experimental design, rather than the fact that Hao et al. 

(2015) used a domain-general task (as was originally argued chapter 4). 

Firstly, Hao et al.’s (2015) study utilised a within-participants design in which 

participants performed the main task under all of the experimental conditions (i.e. 

positive, neutral, negative incubation; control). In addition, participants performed 

multiple short trials (10 x 95 seconds) for each condition. This contrasts with the 

studies reported in this thesis, where participants were assigned to only one condition 

(between-groups design), which involved the completion of a single ideation task (or 

mental synthesis task) over a longer period of time. The inclusion of multiple trials per 

condition in Hao et al.’s (2015) would have increased statistical power, thus would 

have been more likely than the current study to detect any incubation or mood-related 

effects. In addition, within-participant designs are less susceptible to the influence of 

individual variability. Note however that the adoption of this approach in a design 

context would have limited ecological validity since designers typically work on one 

problem for an extended period of time rather than a high number of different design 

problems over short periods of time (each separated by short breaks).   

In addition, the method of response used in Hao et al.’s (2015) study is different to the 

one employed in the present research. In Hao et al.’s (2015) study, participants were 

simply required to mentally generate ideas before (10 seconds) and after (20 seconds) 
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the incubation period and were then given additional time to report all ideas verbally at 

the end of the trial. This contrasts with the current studies in which participants were 

required to both generate and sketch/draw ideas during the pre-/post- incubation 

ideation phases. Therefore, while Hao et al.’s (2015) study arguably involved a more 

‘rapid fire’ form of idea generation, the current study required participants to devote a 

greater amount of time to each individual response. This may be particularly the case in 

the design study, given that participants had to both conceive of an idea in enough 

detail to provide a sketch, as well as to spend additional time completing the sketch 

before moving onto another idea. 

One possibility then, is that positive mood inductions are more beneficial for rapid, 

uninterrupted idea generation, where a high volume of ideas can be generated in a 

short period of time. Indeed, this would be expected to be the case if the principal 

mechanism by which positive mood influences ideation is spreading activation, which 

could conceivably benefit from a more continuous flow or “stream” of ideation, as 

opposed to ideation interposed with periods of sketching.  

 

6.3.2 Mood induction procedure and related issues 

Given that no effects for positive mood were found, and only a hint of an effect related 

to negative mood in study 3 (discussed below), it is important to consider how effective 

the mood induction procedures actually were in inducing the intended mood states, as 

well as to explore alternative approaches that could have been used here.  

Overall, the manipulation checks carried out did suggest that the mood induction 

procedures had the intended effect in both studies. With respect to the happy mood 

induction, participants who received this reported significantly higher levels of 
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happiness than the neutral group following the induction procedure. In addition, 

participants reported higher happiness levels after the induction as compared to 

before; but note that in the case of study 2, this change did not reach significance 

(p=.058). While this could indicate potential weaknesses with the induction procedure, 

it should be noted that this group (as with all the groups across both studies) reported 

moderately high levels of happiness at baseline, a robust phenomenon in the mood 

literature known as the positive mood offset (Diener et al., 2015; Joseph et al., 2020). 

Given that participants did not report a decrease in happy mood, and in fact displayed 

an almost significant increase, it is fair to argue that participants were experiencing 

happy mood during the incubation period in study 2, as intended. Nonetheless, it is 

worth considering whether alternative approaches could have resulted in a more 

enhanced mood change, thereby increasing the likelihood of observing a positive 

mood-related incubation effect (see below for suggestions). 

For the negative mood induction, in all cases participants reported significantly higher 

sadness levels than the neutral group, as well as significant pre- to post- increases in 

sadness levels. Yet it does have to be noted that in both studies participants’ post-

induction sadness levels were still at the lower end of the 0-10 point EVEA mood scale 

(study 2: 2.79; study 3: 2.31). Therefore, while participants may have experienced a 

significant increase in sadness, this is not to suggest that they were fully induced into a 

sad mood state. Again, this is consistent with the broader mood induction literature 

which finds that negative mood states are difficult to induce, which likely relates to the 

positive mood offset effect as discussed above i.e. people are generally in a positive 

mood and it is challenging for the mood induction procedure to overcome this (Joseph 

et al., 2020).  
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Thus overall, the mood inductions used in the current study appear to have been 

effective, especially when taking into account the influence of the positive mood offset 

phenomenon. Nonetheless, there are a number of alternative approaches which might 

have resulted in an even more effective mood induction. One possibility would be to 

have participants choose their own music rather than have them listen to pre-selected 

music, as there is some evidence to suggest that this results in a more intense mood 

induction (Carter et al., 1995; Völker, 2019). This finding has been interpreted as 

evidence for the “spreading activation” effects of music on cognition (Schubert et al., 

2014), whereby “personal music may facilitate congruent emotions and thoughts 

because of its integration within the network, giving rise to more complex and 

sophisticated affective experiences” (Völker, 2019; p.8). Despite its apparent 

advantage, however, Västfjäll (2001) argues that personalised music may introduce a 

number of experimental confounds, such as the retrieval of particular memories 

associated with the music, which could potentially obscure interpretation of the results. 

In a design context, variation in lyrical content across participants may also introduce a 

confound in that certain types of verbal stimuli can enhance ideation (Goldschmidt & 

Sever, 2011). Therefore, while having participants select their own music may increase 

the effectiveness of the induction, and could also increase ecological validity (e.g. since 

it would better reflect how designers utilise music in their own design projects), 

researchers should also be cognizant of the limitations of this approach. 

6.3.3 Disruptive effects of negative mood in study 3 

It is finally worth exploring the fact that negative mood during incubation appeared to 

have a disruptive effect on the mental synthesis task, an effect which was not observed 

in the design incubation study. An explanation for the effects of negative mood on the 

synthesis task was proposed in chapter 5, which was that negative mood interfered 
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specifically with visual working memory processes required for the maintenance and 

manipulation of the visual forms. Given the importance of visuo-spatial working 

memory on this task (Pearson et al., 1999) as well as the fact that negative mood 

appears to reliably disrupt visual working memory capacity (Figueira et al., 2017; 

Lavric et al., 2003), this is a plausible explanation for the results. The fact that such an 

effect was absent in study 2 may reflect the fact that while visual working memory is 

held to be involved in design ideation (Bilda et al., 2006; Bilda & Gero, 2007) it is likely 

less fundamental to successful performance of the task. In addition, the results of study 

1 suggested that visual working memory is not associated with the generation of novel 

design concepts since neither of the two visual working memory measures showed any 

relationship with novelty. As such, any disruption of visual working memory processes 

would have been unlikely to have a major impact on novelty on the design ideation 

task.  

6.4 Issue of generalisability across creativity domains 

The current research is not the first to compare the influence of incubation on design 

ideation versus more general creative ideation. This issue has previously been explored 

by Shah and colleagues as part of a larger project investigating the extent to which 

ideation-related phenomena (incubation, inspirational stimuli, fixation etc.) exert 

similar effects across these two domains of creativity (Shah et al., 2003b; Hernandez et 

al., 2007; 2010). Broadly, the aim of this project was to develop a unified theory of the 

cognitive mechanisms involved in design ideation based on empirical data collected at 

a number of levels, from highly controlled lab experiments conducted with simple 

tasks, to more realistic and ecologically valid studies involving professional designers.   

In their account of the final results, Vargas-Hernandez et al. (2010) reported that 

incubation was found to facilitate creative performance (assessed by fluency, variety, 
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novelty and quality) on both a design ideation task (performed by mechanical 

engineering students) and a domain-general creativity task (performed by psychology 

students). An interesting exception was novelty, which was not shown to improve in 

the domain-general study. Overall, however, the authors concluded that incubation 

effects were generally ‘in alignment’ across the two domains, and that incubation can 

be an effective way to facilitate creativity in both cases. 

As discussed, it is important to acknowledge that the incubation activity used was 

different across the two settings. In the design study, participants were given a three-

day incubation period whereas in a general creativity study, participants were given a 

10-minute maze completion task. Thus, the considerable benefits of incubation 

observed on the design study could be due to a number of factors including engaging in 

episodes of conscious work on the problem, as well as encounters with inspirational 

stimuli. It remains open to question whether similar incubation effects would have 

been observed using the more controlled and much shorter 10-minute incubation 

period. 

In the current research, which used the same incubation activity across the two 

settings, a rather different conclusion emerges: findings across the two domains are in 

alignment only in the sense that incubation appears to have had rather limited effects 

in both cases, particularly with respect to novelty. Where incubation did appear to 

influence performance (either in general or in relation to mood), the effects were 

marginal and were only observed on the visual creativity task. Overall, the findings 

suggest that, in several respects the conclusions of Vargas-Hernandez et al. (2010) may 

be premature, and that researchers should be cautious both about the overall benefits 

of incubation, as well as about making generalisations regarding incubation effects 

across these two domains of creativity. 



Chapter 6. General Discussion 

226 
 

6.5 Other key findings 

In this thesis, some key findings emerged which are not directly related to incubation 

but have important implications for design cognition more generally. The first was the 

observed serial order effect in study 2 and 3; and the second relates to the relatively 

low level of variance in design novelty accounted for by the cognitive processes 

assessed in study 1. 

6.5.1 Serial order effect 

Across study 2 and 3, all participants, including those in the control condition, showed a 

tendency to generate more novel ideas with increasing time on task. This phenomenon 

has been referred to as the ‘serial order effect’ and it has been observed across many 

different tasks and populations (Beaty & Silvia, 2012; Christensen et al., 1957; Parnes, 

1961; Wang et al., 2017). The most well-established explanation of the serial order 

effect is derived from Mednick’s (1962) associative account of creativity, whereby it is 

assumed that activation is initially restricted to close associates but over time spreads 

more distantly, allowing more novel associates to be retrieved.  

However, a more executive account is offered by Beaty and Silvia (2012), who argue 

that the effect is in part due to individuals deploying a series of top-down executive 

processes with increasing effectiveness over the course of the task. For example, on a 

standard divergent thinking task (e.g. generate alternative uses for a paperclip), 

participants may use ‘executive switching’ to search for more distant semantic 

categories (e.g. cosmetics) after the more obvious ones have been exhausted (e.g. 

stationary). They may also engage in interference management later on in the task in 

order to reduce the influence of unoriginal ideas and earlier responses. As evidence of 

this, Beaty and Silvia (2012) found that fluid intelligence, argued to be a measure of 
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executive ability, moderated the serial order effect such that it was diminished for 

individuals higher in intelligence. In other words, individuals higher in fluid intelligence 

appeared to be less influenced by time on task, presumably because they were able to 

deploy executive processes more effectively from the outset.  

It should be highlighted that the above account pertains mainly to the AUT and it 

cannot be definitively concluded whether the serial order effect observed here also 

reflects an interplay of associative and executive processes. However, with respect to 

design ideation at least it should be noted that this account is consistent with the 

findings of study 1, which found that novelty was associated with both diffuse, 

associative processes (associate of flexibility, lowered inhibition) as well as more top-

down executive-related processes (Gr, Gf). Thus, it is certainly conceivable that a 

significant increase in novelty over time reflects an underlying change in several of 

these processes, including associative spreading across increasingly remote semantic 

networks (associative flexibility), coupled with more controlled semantic memory 

retrieval and category switching (Gr) as well as more effective deployment of strategies 

across time (Gf). 

Note that while the observed serial order effect is interesting, some caution is merited 

when drawing conclusions. Firstly, it is not clear whether the serial order effect is as 

robust and replicable in design settings as it is with respect to more generic creativity 

tasks. Indeed, a previous design study by Tsenn et al. (2014) found some evidence to 

contradict the serial order effect, suggesting that design engineering students with 

extended time on task did not generate significantly more novel ideas than students 

given a shorter ideation session. Secondly, there is reason to suppose that the serial 

order effect may be less prominent among expert designers. For instance, Parnes 

(1961) suggested that training may eliminate the serial order effect, such that more 
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experienced individuals may learn to generate more creative ideas from the outset 

without the need for extended time on task. Therefore, it might be the case that in 

expert samples, rather than student samples (as used here), the serial order effect is 

diminished. A final point to highlight is that in study 1 of the thesis it was suggested 

that individuals who generate more novel ideas tend to also be higher in Gf. As 

discussed above, the serial order effect is less marked among individuals higher in this 

ability (Beaty & Silvia, 2012). Therefore, it could be proposed that among the most 

creative designers, where Gf levels may be particularly high, the serial order effect is 

less prominent as such individuals can deploy Gf-related processes from the outset of 

the task. All of the above suggests that while the serial order effect observed here is 

interesting, further investigation is needed in order to examine how robust this 

phenomenon is in design ideation and whether it is influenced by other variables. 

A final point to be made here is that the serial-order effect observed across the two 

studies highlights the importance of including a ‘no incubation’ control group. While 

inclusion of a control group is common, a number of studies have nonetheless omitted 

this (Gallate et al., 2012; Starkey et al., 2020; Yamaoka, 2020; Zhang et al., 2019), 

instead focusing on the impact of a particular variable across incubation conditions 

(e.g. incubation activity performed). The underlying assumption of this approach is that 

the incubation effect is robust, and that the key focus should be on establishing under 

which conditions it is optimal. In the current studies, however, without a control group 

it would have not been clear whether the significant increase in novelty reflected an 

incubation effect or a serial order effect - it was only the fact that this trend was 

apparent in the control groups that confirmed the latter is the more likely explanation.  

6.5.2 Factors affecting design novelty: beyond cognitive processes  
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Another salient factor that merits discussion is the relatively low portion of variance in 

design novelty (26%) accounted for by the cognitive processes assessed in study 1, as 

revealed by the regression analysis. This suggests that there is a wide range of other 

factors influencing novelty that were not explored in this study. While an exhaustive 

account of potential factors cannot be provided, some candidates are outlined and 

discussed below. 

6.5.2.1 Cognitive processes not assessed in study 1 

Due to time limitations, study 1 was not able to assess the full range of cognitive 

processes that have in some way been theoretically linked with design ideation (or 

creativity more generally). One key process that was not examined was episodic 

memory. Episodic memory has been argued to be involved in ‘case-based reasoning’ i.e. 

the retrieval of information relating to previous design problems (Ball et al., 2004; Hay 

et al., 2017b). Regions implicated in episodic memory (e.g. parahippocampal gyrus) 

have also shown activation in a previous fMRI study on design ideation (Campbell et al., 

In preparation). Thus, inclusion of a measure of episodic memory processing would 

have potentially led to an increase in the portion of novelty explained by the regression 

model.  

Another potentially relevant process is set-shifting, which refers to “the capacity to 

shift between different tasks, operations or mental sets” (Chiu et al., 2018, p. 1100). 

Previous research has suggested this process is not involved in general creativity 

(Benedek et al., 2014b), though it could still play a role in a design context. For instance, 

one of the key causes of fixation is the continued application of a mental set that is no 

longer appropriate (Smith, 2011). Thus, designers high in mental set shifting may be 

less likely to become fixated, which could aid in the generation of novel concepts.  
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6.5.2.2 Domain-knowledge 

It is important to consider the role of domain-knowledge as a factor influencing 

variance in novelty. In a design context, domain-knowledge includes a broad range of 

factors such as technical knowledge about physical structures and mechanisms (Shah 

et al., 2012) as well as knowledge of design approaches and techniques. Given that 

domain-knowledge is a key predictor of creative performance (Baer, 2015), it is 

reasonable to propose that designers with a larger domain-knowledge would be more 

adept at generating novel design concepts. Note also that domain-knowledge is likely to 

be positively related to experience. In study 1, the majority of participants were PDE 

students between 2nd and 5th year of study. In general, participants at the more 

advanced levels of their PDE course (4th/5th year) would be expected to have higher 

domain-knowledge than those from lower year groups. This difference in experience 

between participants may also have contributed to novelty variance within the sample.  

 Another key aspect of domain-knowledge is the level of familiarity with the specific 

context in which a problem is presented. The problems that product design engineers 

typically deal with vary widely in context, including domestic and workplace 

environments as well as more large-scale settings e.g. concerning factors such as 

transport and infrastructure. It is reasonable to assume that designers vary in their 

levels of familiarity with a particular context, and that this influences their ability to 

generate novel concepts (i.e. more familiarity = higher novelty). Note however that in 

study 1, participants were presented with a broad range of tasks which varied 

considerably in terms of context. Since participants’ novelty score was averaged across 

these tasks, it is unlikely that context familiarity played a key role here in influencing 

the variance in novelty scores.  



Chapter 6. General Discussion 

231 
 

6.5.2.3 Personality 

Of the five personality traits that make up McCrae and Costa’s (1999) ‘big 5’ model of 

personality (extroversion, agreeableness, openness, conscientiousness, and 

neuroticism), openness (i.e. the tendency to explore new experiences and ideas) is 

widely regarded as the most important with respect to creativity (Kaufman et al., 2016; 

Silvia et al., 2009).   

While the role of personality in design ideation has received little attention, it is 

interesting to note that in the existing research, conscientiousness rather than 

openness has emerged as the key factor in existing research. For instance, 

conscientiousness has been associated with higher novelty during ideation (Milojevic & 

Jin, 2019), as well as a tendency to select more novel ideas for further development 

(Toh & Miller, 2016). The prominence of conscientiousness in this early research is 

noteworthy given that in the general creativity literature this trait has been linked with 

lower creativity (Batey & Furnham, 2006). This indicates the interesting possibility that 

the relationship between personality and design ideation may differ in comparison to 

other forms of creativity.  

6.5.2.4 Motivation 

A final likely determinant of ideation novelty is motivation. Motivation is widely 

regarded as a key predictor of creative performance (Amabile, 1983; An & Runco, 

2016) and is also included as a key component on various models of creativity (e.g. 

Amabile & Pratt, 2016; Runco & Chand, 1995). A distinction is made in the literature 

between state versus trait motivation (Amabile, 1996; Jeon et al., 2011), both of which 

may contribute to design novelty in different ways. State motivation refers to an 

immediate interest in the task-at-hand as well as a willingness to engage in it and 
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remain focused, which is generally thought to be essential for the production of 

creative work (Sternberg, 2006). By contrast, trait motivation refers to a more stable, 

enduring willingness to engage with a particular discipline (Jeon et al., 2011). There is 

some evidence that trait motivation influences creative performance indirectly through 

domain knowledge (An et al., 2016). That is, individuals with higher trait motivation 

likely have increased domain-specific knowledge due to their willingness to learn, 

which then aids performance on creativity tasks. Both motivational factors likely 

influence novelty in the current research, though further work is needed that 

specifically addresses this topic. There are a variety of ways to assess motivation in 

empirical research (e.g. questionnaire, duration of time on task) as well several 

methods for manipulating motivation levels that could be used here (e.g. stipulating a 

reward for creative performance).  

6.5.2.5 Design ideation as an independent cognitive process 

A final explanation for the findings pertains to how design ideation as a cognitive 

process ought to be conceptualised. The research in this thesis has adopted the widely 

held view that design ideation is the result of multiple, interacting cognitive processes. 

This is also the predominant view of creativity more generally (Dietrich & Kanso, 2010; 

Khalil et al., 2019). However, it should not be discounted that design ideation is in fact a 

cognitive process in its own right and which is largely independent from other 

cognitive processes. This would explain why the predictive power of the model was 

relatively low, and also why the strength of correlations between novelty and the 

various cognitive processes were largely of weak effect size (even when statistically 

significant). While this notion departs from the theoretical consensus on ideation, the 

current findings suggest that it merits further consideration.  
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6.6 Implications for design practice 

It is important to reflect on the practical implications of the present results. At the 

beginning of the thesis, it was proposed that a mood-based incubation procedure could 

potentially be utilised by practicing designers as a short-term intervention for 

enhancing ideation. Such an approach is appealing given that mood can be induced 

over relatively short time periods, and using accessible stimuli (e.g., music, text, 

images) that can easily be incorporated into a designers’ natural environment. 

However, the current results to not support the efficacy of this approach, and they also 

undermine the utility of incubation in general as an intervention for improving 

creativity in design practice.  

Note that since no negative effects of incubation were observed here, there is no 

recommendation that designers actively avoid incubation periods during an ideation 

session. However, for designers that regularly incorporate incubation into their 

ideation routines as a means of enhancing performance, they may wish to reflect on the 

merits of this approach and the extent to which it actually influences their creativity. It 

is of course possible that individual preference for incubation is a key moderating 

factor of the effect i.e., designers that regularly utilise incubation periods are in fact 

more likely to benefit from it, but this possibility requires further investigation (see 

section 6.8 for further discussion). It is finally worth commenting that the observed 

serial order effect has implications for design practice in that it highlights that 

designers should strive to spend increasing time on task, since later ideas will have a 

higher chance of being novel. This advice is offered tentatively, however, in that as 

discussed in section 6.5.1, it is not known how robust this effect is in a design context 

and whether it diminishes with expertise.  
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6.7 Limitations 

There are some general limitations with the reported research that require discussion. 

These include shortcomings regarding the method of creativity assessment, the issue of 

statistical power, as well limitations associated with predominantly recruiting 

psychology students (as in study 3). 

6.7.1 Method of creativity assessment 

The assessment method used for the design studies was largely based on the 

Consensual Assessment Technique (CAT; Amabile, 1982; see section 3.3.3 for 

overview) with the main exception that raters were required to rate concepts relative 

to one another (as in the original) but also to consider existing products when making 

judgements. A key issue in creativity assessment concerns inter-rater reliability i.e. the 

level of agreement or consistency in ratings between the judges. In the current 

research, there was some variation in the level of consistency observed across the 

design studies: in study 1, the Cronbach’s alpha calculation (deemed appropriate for 

studies with more than two raters; Liao et al., 2010; Multon, 2010) was .762, suggesting 

a good level of consistency between the judges (Baer et al., 2004). In study 2, which 

involved two raters (R1 and R2 from study 1), an intra-class correlation was calculated 

which revealed moderate reliability (r=.531). Moderate reliability is lower than ideal, 

and highlights that the current rating procedure may have some limitations. The 

decrease in reliability between study 1 and 2 likely reflects the fact that only two judges 

were used in the latter, since it is widely accepted that a lower number of judges 

decreases statistical power and leads to lower reliability estimates. Furthermore, the 

overall volume of concepts was higher for study 2 and was not split across several 

design tasks as in study 1. The requirement to rate such a high volume of concepts 
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against one another for a single task could have conceivably led to cognitive overload as 

well as fatigue effects, all of which could negatively impact consistency levels between 

the judges (Cseh & Jeffries, 2019). 

Future design research aiming to use a similar approach to novelty measurement may 

wish to consider the above factors and whether appropriate adjustments can be made 

in order to improve reliability e.g. by using more judges and reducing the number of 

concepts per task where possible. In addition to these considerations, Reiter-Palmon 

(2020) also outline a number of measures that can increase reliability on the CAT. 

These include a) having raters engage in discussion before commencing in order to 

ensure they have a similar understanding of the problem; b) providing raters with a 

definition for the measure and c) having raters assess an initial sample of items which 

can then be used to identify and rectify any areas of disagreement. Note that while 

some of these measures might improve reliability, they also compromise judge 

independence – a key tenet of the original procedure (Baer & Kaufman, 2019). In 

addition, they also involve additional time and resource costs upon what is already a 

highly intensive procedure in this regard. 

A final issue relating to creativity assessment concerns the sensitivity of the scale. In 

the reported research, a rating scale of 1 (least novel) to 7 (most novel) was employed. 

Among proponents of the CAT method, there is no consensus on what level of 

granularity is optimal, with studies ranging between a 3 to 10 point scale (Cseh & 

Jeffries, 2019). It has been suggested, however, that 5 to 7 points is optimal and that 

anything above this leads to issues with reliability and validity as well as rater fatigue 

(Cseh & Jeffries, 2019; Preston & Colman, 2000).   

While a 7-point scale may be practically advantageous, it nonetheless arguably covers a 

somewhat limited range. Thus, raters may not have been able to make nuanced 
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judgements about the relative novelty of the concepts, resulting in each category 

containing within it a broad range of responses. Note that this could also have 

contributed to the relatively low predictive power of the regression model in study 1, 

since the novelty scale may not have been sufficiently sensitive to reflect the full 

variance in novelty existing within the sample. This limitation may be difficult to 

address since, as highlighted, scales of higher granularity also have considerable 

shortcomings. Nonetheless, it important to consider this issue when interpreting the 

results. The issue also highlights that, at present, creativity and design research are still 

lacking a measure of ideation performance that is both practical and sufficiently 

sensitive.  

6.7.2 Statistical power  

In the current research, the sample sizes were not predetermined using a power 

analysis (e.g. G-Power calculation). Rather, sample sizes reflected the maximum 

number achievable within the time scale of the project. Note that the sample sizes are 

the same or larger than some other incubation and mood studies in the literature, 

including those that have observed statistically significant effects (e.g. Adaman & 

Blaney, 1995; Al-Shorachi et al., 2015; Campion & Levita, 2014; Tsenn et al., 2014; 

Yamaoka, 2020). Nonetheless, it does have to be acknowledged that for the current 

incubation studies, the sample sizes were at the smaller end, and it is possible that this 

has been a contributing factor in the lack of incubation and mood effects. Indeed, study 

3 in particular showed a number of trends that did not reach significance, which may 

be indicative of low statistical power. Future research in this area may wish to consider 

whether it is worth taking measures to increase sample size, such as relaxing 

participation criteria (e.g. recruiting from a wider range of design disciplines) or 

reducing the number of conditions (e.g. exclusion of negative mood group) which 
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would increase the number of participants per group. Another useful approach may be 

the calculation of Bayes factor (Lakens et al., 2020), which can help establish whether 

observed null effects are true (i.e. the effect does not actually exist in the population) or 

whether the effect does exist but has not been detected e.g. due to lack of statistical 

power.  

6.7.3 Recruitment of psychology students in study 3 

There is a final limitation to be noted regarding study 3, which relates to the fact that 

the sample predominantly comprised undergraduate Psychology students. The use of 

psychology students is common in experimental research and can greatly facilitate the 

recruitment process (as students typically participate in return for course credits). 

However, it is important to recognize the limitations of this in that it can lead to a 

relatively homogenous sample in terms of age as well as education level and subject 

area. Additionally, owing to the fact that the majority of psychology undergraduates are 

female (Johnston et al., 2020), this approach can often lead to a gender biased sample 

(as was the case here). In light of these considerations, it is acknowledged that the 

sample in study 3 is not wholly representative of the general population.  

6.8  Directions for future research 

The number of incubation studies conducted in a design setting is growing, but remains 

relatively small. Fundamental knowledge about incubation and the factors that 

influence this process is still lacking. There is a need for more well-controlled studies 

on incubation in order to establish the role of key variables such as the duration of the 

preparation and incubation period, type of incubation task performed as well as 

participants’ knowledge (or lack of knowledge) of task return.  
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At the same time, it is important to recognise the role of individual variation in 

incubation research: as discussed in chapter 4, designers likely have individual 

preferences regarding whether and when they like to take a break, and what they 

perform during this interval. Related to this, during real life incubation periods, 

designers may encounter a considerable degree of inspirational stimuli in the 

environment, and this could be a key driving factor in the eventual development of the 

solution when the problem is returned to (see Opportunistic Assimilation theory; 

reviewed in chapter 2 section 2.4.4). Thus, future research should also aim to give 

designers more freedom over the timing and activities performed during incubation. 

Inevitably, this will lead to reduced methodological control, but could potentially give a 

rich insight into incubation as it occurs in real life design projects. 

Future research is also needed to better understand the relationship between mood 

and ideation, as this remains an underexplored research area. Only the current study 

and one other (Wodehouse et al., 2014) have utilised a mood induction procedure in a 

design context. Neither of the studies found evidence that this procedure influences 

subsequent design ideation, which could suggest that the mood-ideation link is weak or 

non-existent. However, it is too early to draw conclusions on this, and there are many 

avenues available for further research, which can build on the limitations of the existing 

work.  

In particular, future research may wish to further explore music-based inductions and 

examine the utility of different genres beyond classical music. In addition, the use of 

more visual-based approaches (e.g. videos/images) may be a fruitful avenue given the 

widely observed impact of visual stimuli on the design process. For example, it could be 

examined whether affect-laden visual content is more likely to inspire design analogies 

as compared with affect-neutral content e.g. due to increased visual salience and/or by 
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facilitating access to affect-relevant content stored in memory (see Isen et al., 1987). 

Future research should also explore the notion that mood inductions work more 

effectively during rapid brainstorming in which the goal is to generate a high number of 

ideas (with minimal sketching). 

Note finally that the mood-design ideation link may be subtle and complex, perhaps 

unfolding across days and weeks. Thus, the relationship may be difficult to detect using 

standard experimental approaches in the lab. As such, there is also a need to utilise 

more naturalistic approaches (e.g. experience sampling method) to explore mood-

ideation interactions ‘in the wild’. 

6.9 Conclusions  

Incubation features prominently in one of the oldest and most well-established 

theoretical models of creative discovery (Wallas, 1926). Since then, incubation research 

has flourished, and modern theoretical accounts have continued to extol the merits of 

taking a break on subsequent problem-solving.. Although incubation effects have been 

widely observed, there remains an element of mystery regarding what processes could 

be occurring during incubation, and it continues to be an attractive phenomenon for 

those interested in the psychology of creativity.  

In the domain of design, it is likely common for designers to temporarily suspend 

conscious work on an ideation task, but it is unknown whether this actually benefits 

design ideation. Related to this, there is a lack of knowledge surrounding the factors 

that may influence incubation in a design context. Against this background, this thesis 

aimed to examine whether incubation in general facilitates design ideation. 

Additionally, drawing on a range of anecdotal, theoretical and empirical work, the 

thesis also explored the notion that the mood state of the designer during incubation 

may have a key impact on the novelty of ideas subsequently generated. 



Chapter 6. General Discussion 

240 
 

Contrary to expectation, this thesis found no evidence that incubation in general 

facilitates idea generation in a design context, neither in terms of fluency or novelty. A 

subsequent study examining the effects of the same incubation task on visual creativity 

(with participants from a non-design background) also found only limited benefits of 

incubation (fluency declined less following incubation but novelty was unaffected). The 

results could relate to the fact participants were exposed to classical music during 

incubation, as previous work has suggested this incubation activity may over-relax and 

demotivate participants when the main task is resumed. Another contributing factor 

could have been participants’ lack of awareness of a task return, as there have been 

some suggestions that unconscious incubation processes are goal-driven. Irrespective 

of the underlying mechanism, the results emphasise that incubation effects can be 

somewhat elusive, and simply taking a break is by no means guaranteed to enhance 

creativity. 

Standing in contrast to the wider mood-creativity literature, the results also found no 

evidence that positive moods during incubation have a particularly facilitative effect on 

subsequent ideation, which was the case in both a design context and a domain-general 

context. A possible explanation for this is that the concurrent act of sketching/drawing 

during the creativity tasks interfered with the effects of positive mood on ideation. It 

could also be that the mood induction procedures were not strong enough to influence 

participants’ performance. While self-report measures indicated that the induction 

procedures were generally successful, there was also evidence that the effects were 

somewhat hindered by the positive mood offset phenomenon.  

While the present results found no evidence for the effectiveness of incubation, they 

demonstrate the more general benefits of time on creativity: across both incubation 

studies, participants tended to show improved novelty with increasing time on task. 
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Subsequent research is needed to better understand this phenomenon in a design 

context, including an examination of the cognitive/neural processes underlying it, as 

well as exploring whether training and experience can diminish the effect (as suggested 

by Parnes, 1961). 

On a practical note, at beginning of this thesis, it was suggested that incubation could 

potentially be utilised in a more formal way by designers as a means of improving 

ideation performance. However, the current results do not support its utility in this 

regard. Of course, future research using different tasks and approaches may come to 

suggest otherwise; but in the meantime, designers looking for a quick and effective way 

to boost their creativity may need to look beyond incubation. On the basis of the 

current results, perhaps the most practical advice for designers is that spending 

increasing time on task may present a straightforward path to more creative ideas. 

Whether or not a break is taken en route is unlikely to matter.  
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Appendices 

Appendix 1: Ideation tasks 
Appendix 1.1 Study 1 ideation tasks 

Camping is a popular activity but can have negative environmental impacts through 

disruption to wildlife; litter and pollution of water sources. Generate concepts for 

products that reduce the negative impacts of camping. 

Domestic food waste is a serious problem due to global food shortages and socio-

economic imbalances. Generate concepts for products that may reduce unnecessary 

food wastage in the home. 

Dog excrement on pavements is unsightly and unhygienic but its disposal may be 

unpleasant and unhygienic for dog owners. Generate concepts for products that may 

improve dog excrement disposal for dog owners. 

Sitting in the same position for long periods may be harmful to health. Generate 

concepts for products that may facilitate physical exercise whilst completing activities 

in a seated position in the home and office. 
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Long distance water transportation may be necessary in drought-prone developing 

nations but can be problematic due to lack of resources and infrastructure. Generate 

concepts for products that may facilitate water transportation in developing nations. 

Chores such as cooking and cleaning may be difficult for wheelchair users due to space 

and height limitations. Generate concepts for products that may facilitate domestic 

chores for wheelchair users. 

Rain and wind make it difficult for pedestrians to keep dry and pose dangers e.g. 

slipping; falling trees. Generate concepts for products to reduce the discomfort and 

danger of poor weather for pedestrians. 

Inner city pavements are often congested due to large numbers of people and 

obstructions like street furniture; parked cars; other pedestrians. Generate concepts for 

products that may reduce congestion for inner city pedestrians. 

Air travel may be problematic for wheelchair users due to difficulties with manual 

handling and manoeuvring. Generate concepts for products that may make airports and 

planes more wheelchair-friendly. 

Train stations and airports are often congested due to many people transporting large 

items in a confined space. Generate concepts for products that may reduce congestion 

in transportation hubs. 

Appendix 1.2 Study 2 ideation task 

Working while travelling may be noisy; full of distractions; and physically 

uncomfortable. Generate concepts for products that may reduce the difficulties 

associated with on the go working. 

Appendix 2. Mood induction sentences 

 
Appendix 2.1 Happy induction sentences  
 
Source: Velten (1968) 
 

1. I feel pretty good today 
2. This might turn out to have been one of my good days 
3. If your attitude is good, then things are good and my attitude is good 
4. I feel cheerful and lively 
5. I've certainly got energy and self‐confidence to share 
6. My friends & family are pretty proud of me most of the time 
7. I’m in a good position to make a success of things 
8. For the rest of the day, I bet things will go really well 
9. I'm pleased that most people are so friendly to me 
10. My judgments about most things are sound 
11. The more I get into things the easier they become for me 
12. I'm full of energy and ambition ‐ I feel like I could go a long time 

without sleep 
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13. This is one of those days when I can get things done with practically 
no effort at all 

14. My judgment is keen and precise today. Just let someone try to put 
something over me 

15. When I want to, I can make friends extremely easily 
16. If I set my mind to it, I can make things turn out fine 
17. I feel enthusiastic and confident now 
18. There should be opportunity for a lot of good times coming along 
19. Some of my friends are so lively and optimistic 
20. I feel talkative ‐ I feel like talking to almost anybody 
21. I'm full of energy, and am really getting to like the things I'm doing 
22. I feel an exhilarating animation in all I do 
23. My memory is in rare form today 
24. I'm able to do things accurately and efficiently 
25. I know good and well that I can achieve the goals I set 
26. I have a sense of power and vigour 
27. I feel so vivacious and efficient today ‐ sitting on top of the world 
28. It would really take something to stop me now 
29. I'm optimistic that I can get along very well with most of the people I meet 
30. I'm too absorbed in things to have time for worry 
31. I'm feeling amazingly good today 
32. I am particularly inventive and resourceful in this mood 
33. I feel superb! I think I can work to the best of my ability 
34. Things look good Things look great! 
35. I feel highly perceptive and refreshed 
36. I can find the good in almost everything 
37. I can concentrate hard on anything I do 
38. My thinking is clear and rapid 
39. Life is so much fun; it seems to offer so many sources of fulfilment 
40. Things will be better and better today 
41. I feel industrious as heck ‐ I want something to do! 
42. Life is firmly in my control 
43. This is great ‐‐ I really do feel good. I am elated about things! 
44. I'm really feeling sharp now 
45. Wow, I feel great!  

 
Appendix 2.2 Sad induction statements 
 
Source: Velten (1968) 
 

1. People annoy me; I wish I could be by myself 
2. I've had important decisions to make in the past, and I've sometimes 

made the wrong one 
3. I do feel somewhat discouraged and drowsy ‐ maybe I'll need a nap 

when I get home 
4. I just don't seem to be able to get going as fast as I used to 
5. I couldn't remember things well right now if I had to 
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6. Just a little bit of effort tires me out 
7. I've had daydreams in which my mistakes kept occurring to me ‐ 

sometimes I wish I could start over again 
8. I'm ashamed that I've caused my parents needless worry 
9. I feel terribly tired and indifferent to things today 
10. I'm getting tired out. I can feel my body getting exhausted and heavy 
11. At times I've been so tired and discouraged that I went to sleep rather 

than face important problems 
12. My life is so tiresome ‐ the same old thing day after day depresses me 
13. I can't make up my mind; it's so hard to make simple decisions 
14. I want to go to sleep ‐ I feel like just closing my eyes and going to 

sleep right here 
15. I’m not very alert; I feel listless and vaguely sad 
16. I've doubted that I'm a worthwhile person 
17. It often seems that no matter how hard I try, things still go wrong 
18. I've noticed that no one seems to really understand or care when I 

complain or feel unhappy 
19. I'm uncertain about my future 
20. I'm discouraged and unhappy about myself 
21. I've lain awake at night worrying so long that I hated myself 
22. Things are worse now than when I was younger 
23. I feel rather sluggish now 
24. The way I feel now, the future looks boring and hopeless 
25. My parents never really tried to understand me 
26. Some very important decisions are almost impossible for me to make 
27. I feel tired and depressed; I don't feel like working on the things I 

know I must get done 
28. I feel horribly guilty about how I've treated my parents at times 
29. I want to go to sleep and never wake up 
30. I have the feeling that I just can't reach people 
31. I have the feeling that I just can't reach people 
32. Often people make me very upset. I don't like to be around them 
33. I feel dizzy and faint. I need to put my head down and not move 
34. It takes too much effort to convince people of anything. There's no 

point in trying 
35. I fail in communicating with people about my problems 
36. It’s so discouraging the way people don't really listen to me 
37. I've felt so lonesome before, that I could have cried 
38. My thoughts are so slow and downcast. I don't want to think or talk 
39. I just don't care about anything. Life just isn't any fun 
40. Life seems too much for me ‐ my efforts are wasted 
41. I'm so tired 
42. I don't concentrate or move. I just want to forget about everything 
43. I have too many bad things in my life 
44. Everything seems utterly futile and empty 
45. I don't want to do anything 
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Appendix 2.3 Neutral induction statements 
 
Source: word‐processing instruction manual (Convergent Technologies, 1983) 
 

1. The installation guide describes the procedure for powering up a 
system. 

2. If the sign on form is not on the screen, consult the system 
administrator.  

3. If BACKSPACE is pressed, the cursor moves to the left  
4. The hardware manual describes the expansion system for the work 

station.  
5. Press f9 to invoke Mark Line. 
6. The Documents command allows you to manipulate entire 

documents 
7. Closing the document requires the use of the CODE and c keys 

together. 
8. The Pascal Manual is supplemented by a popular text, Pascal Usual 

Manual 
9. This section describes how the screen looks when a document has 

been created 
10. The cursor is an underline that shows where the next typed character 

will be 
11. The operating system manual specifies services for managing 

memory 
12. The Logout command ends session, and the Sign On form appears 

again 
13. The wraparound feature allows text to be automatically entered on 

the next line in a new paragraph 
14. When the keyboard is in overtype mode, each typed character 

replaces the existing one 
15. The Operator’s guide addresses the needs of the average user 
16. Sometimes, the bottom of the main text area contains messages from 

the Word Processor 
17. Ensure that the cursor is moved to the correct location in the text 
18. The executive manual describes the command interpreter 
19. Any words that extent beyond the margin are moved to the next line 
20. Command names begin with uppercase letters, which makes them 

easy to identify in the text 
21. This removes the boldface option.  
22. A command is an action that tells the word processor what to do 
23. The hardware manual specifies system architecture 
24. The document status line indicates that the cursor page 1 of the 

document named “convergent”. 
25. A document is any written material that is typed into the Word 

Processor.  
26. The entire document is now justified. 
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27. Each character you type replaces the existing one at the cursor 
position 

28. The Central Processing unit describes the main processor 
29. A decision can be made to press the GO key to create a new document  
30. The cursor pad keys include four keys that control cursor movement 
31. The display is used for purposes that are described later in the 

session 
32. Pressing keys to issue a command is known as “invoking a command” 
33. The RETURN key moves the cursor to the next line 
34. The ruler display is separated from the main text 
35. The Open document form now appears on the screen 
36. Programmers have been trying to consolidate the broadest range of 

capabilities 
37. The purpose of the SEARCH function is to locate a specific phrase 
38. When the Executive Command form appears, it is added to the 

bottom of the screen 
39. These functions are especially useful when the document is long 
40. In a word processing menu, you can make only one choice from the 

list 
41. When insertion is in use, the key board is described as being in that 

“mode”.  
42. The Documents command has been invoked, and the Documents 

menu appears on the screen. 
43. The third item, L, is the line number of the cursor within the current 

page.  
44. The Go to Beginning command moves the cursor directly to the 

beginning. 
45. Press GO to execute Review Document. 

 
Appendix 3. The Scale for Mood Assessment (EVEA) 
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