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Abstract 

Mind wandering may be an evolutionary achievement that underpins learning and 
reasoning. Having unrelated thoughts intruding on our conscious attention may seem 

counterproductive. Such interruptions are often thoughts about uncompleted tasks or other 

worries that pull our attention away from important work. Yet in some cases these 
distractions bring us insight to unsolved problems. Leaving problems unsolved to do 

something different can allow incubation to take place. Incubation is when problems are 

gradually solved at an unconscious or semiconscious level. When a solution is realized it 

reaches conscious attention known as illumination. Illumination tends to take place during 

incubation periods, and these are particularly effective during creative problem solving.  

Cognitive experiments repeatedly demonstrate that an incubation period will advance 

creative problem solving. To produce an incubation period a new task is interpolated into a 
creative problem. This means that the creative problem is set aside to work on something 

else. Participants are not allowed to choose their creative tasks; they just work on the tasks 

provided by the experimenters. Such constrained tasks without any choices are a rare find in 
applied situations. People working on creative projects like having choices, but how does an 

incubation period affect unconstrained problems. The goal of the current study was to test if 

a highly constrained task is necessary for incubation periods to benefit creative problem 
solving. All participants were allowed to choose their creative task, but half of the 

participants were allowed to revise their choice.  

A 2 x 2 between- subject experiment was used to investigate the effects of two fully 
crossed independent variables, incubation (included and not included) and task constraints 
(high and medium) on creative originality (subjective top scoring) and creative productivity. 

Task constraints were implemented by allowing all participants to select their task and then 

allowing half of the participants to revise their choice. An incubation period was 
implemented by interpolating a choice reaction task into the creative task.  

The results demonstrate that clear unchangeable tasks provide the context needed for 
incubation to benefit creativity. For half an incubation period was inserted between two AUT 

trials. The incubation period was only beneficial to creative originality if the decision in 

creative tasks unchangeable before the incubation period started. In fact, allowing 

participants to revise their choice in tasks could even lead to worse creative productivity. For 

incubation to be beneficial a creative task must be highly constrained. If choices and 

incubation are to be used in the same projects, the choice must be consciously constrained 

and unchangeable, before incubation for incubation gains on creativity to be expected. 
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Ágrip 

Hugljómun á sér stað þegar vandamál leysast skyndilega og birtast sem lausn í kollinum á 
okkur. Þessar hugljómanir eiga sér oft stað þegar fólk hefur lagt óleyst vandamál til hliðar og 

fer að sinna örðu. Slík tímabil kallast gerjun, þá vinnur hugurinn að vandamálinu á 

sjálfkvæman hátt án beinar meðvitaðrar stýringar. Það að leggja verkefni til hliðar tryggir þó 
ekki að gerjun eigi sér stað, hvað þá hugljómun. Það að hugurinn reiki stöðugt að ókláruðum 

verkefnum getur líka valdið hugarangri sem gæti truflað úrvinnslu annara verkefna. Gagnlegt 

væri skýra hvernig hægt er að ná fram gerjun án þess að valda fólki óþarfa hugarangri. 

Gerjun hefur verið náð fram í tilraunum við úrlausn mjög afmarkaðra verkefna. Verkefnin eru 

afmörkuð til að að halda stjórn á tilraunaraðstæðum. Þessi tilraun kannar hvort að  afmörkuð 

verkefni tilraunanna séu nauðsyneg kveikja til gerjunar. 

Tilraunir í hugrænni sálfræði hafa ítrekað sýnt fram á að gerjun stuðli að úrlausn skapandi 
verkefna. Þá vinna vinna þáttakendur að skapandi verkefni og gera svo hlé á þeirri vinnu. Í 

hléinu sinna þátttakendur öðru verkefni en snúa sér svo aftur að sama skapandi verkefninu. Í 

raunaðstæðum eru skapandi verkefni mun frjálslegri og ólík afmörkuðum verkefnum 
tilrauna. Í raunverulegum verkefnum er algengara að fólk hafi val um verkefni sín, 

sérstaklega þegar um er að ræða skapandi verkefni. En val krefst hugrænnar vinnslu sem 

gæti truflað þá ósjálfráðu hugrænu úrvinnslu sem gerjunartímabilið þarfnast. Þessi tilraun 
skoðar hvernig afmörkun verkefna hefur áhrif á gerjunartímabil. 

Þessi tilraun er með millihópa sniði með tveimur frumbreytum; afmörkun verkefnis (hátt 
eða miðlungs) og gerjunartímabil (til staðar eða ekki til staðar). Tilraunin prófaði hvort þau 
afmörkuðu verkefni sem einkenna hugrænar tilraunir séu ein forsenda gerjunar. Tvær 
mælingar voru notaðar til að meta skapandi lausnir; skapandi frumleiki (e. creative originality 

/ subjective top scoring) og skapandi afköst (e. creative productivity). Allir þátttakendur 

fengu að velja verkefni, en hjá helmingi þátttakenda var valið óbreytanlegt um leið og 
ákvörðunin var tekin. Aðrir þátttakendur gátu breytt valinu sínu áður en þau snéru sér aftur 

að skapandi verkefninu. Unnið var að skapandi úrlausnum í tveimur lotum, ef gerjunartímabil 

var tilstaðar þá var unnið að nýju verkefni á milli lotana tveggja.  

Niðurstöðurnar sýna fram á skýr að óbreytanleg verkefni á gerjunartímabilinu gerðu 

þátttakendum kleift fá frumlegri skapandi lausnir, sem breytanleg verkefni gerðu ekki. Án 

afmarkaðra verkefna virðist gerjunartímabilið jafnvel hafa truflað afköst verkefninu. Skýr 

óbreytanleg verkefni veita það samhengi sem hugurinn þarf til að reika í átt að betri 

lausnum. Óklárað verkefni verður því að vera nægjanlega skýrt til að beina huganum á rétta 

braut áður gerjunartímabil fer fram.  
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1 Introduction  

The mind wanders: it finds refuge in thoughts unrelated to the tasks at hand, which can be 
problematic. Nevertheless, stimulus independent thought or mind wandering seems to be 

the default mode of thought in human cognition (Buckner, Andrews-Hanna, & Schacter, 

2008; Killingsworth & Gilbert, 2010). At first it may seem like an evolutionary mishap to have 
unrelated thoughts intruding on our conscious attention. But research suggests that mind 

wandering may in fact be an evolutionary achievement that underpins learning and 

reasoning (Christoff, Gordon, Smallwood, Smith, & Schooler, 2009). In other words, this 

means that humans learn when we are busy doing other things.  

This talent seems to be particularly effective during creative problem solving during a 

period of temporary withdrawal from conscious deliberate work on a problem, i.e., while 

doing other tasks. This effect is known as the incubation effect and is particularly 
pronounced when the withdrawal is filled with an unrelated task that is cognitively 

undemanding (Baird et al., 2012; Sio & Ormerod, 2009). 

There is much anecdotal evidence for incubation. Historical accounts testify to great 
insights into arts and science that happen spontaneously when the person is not consciously 
working on the problem. A common theme in these accounts is that there is a specific 

problem the person had previously worked on, without reaching a solution. Suddenly when 
the person is busy with other tasks, the solution is realized. A famous tale of insight during 
incubation is Archimedes’ Eureka moment while bathing, when he realized he could use the 

principle of displacement to measure volume (Ward & Kolomyts, 2019). These 
manifestations of incubation and creativity are what brought the phenomena to the 
attention of scientists and under experimental scrutiny (Ward & Kolomyts, 2019). But 

phenomena happening naturally and for them to be induced in experiments are two 

different things (Rogers, Pak, & Fisk, 2007). Spontaneous processing of recent or pressing 
problems after they have been set aside can be distracting but can lead to more creative 

solutions.  

Despite our evolutionary cognitive feat in thinking about many things at any given 
moment this talent has some shortcomings. The most obvious disadvantage is the danger 

of losing focus during an important task, for example when driving and running a red light. 

This is commonly known as distraction and has been researched extensively in cognitive 

experiments (Sweller, van Merriënboer, & Paas, 2019). A less obvious disadvantage is that 

mind wandering also seems to have a negative emotional effect (Killingsworth & Gilbert, 

2010) that can even lead to rumination (American Psychological Association, n.d. 

Rumination). This is experienced in the general public at sub-clinical levels as intrusive 
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thoughts or worrying that interferes with optimal functioning (Christoff, Irving, Fox, Spreng, 

& Andrews-Hanna, 2016).  

Research suggests that incubation and rumination use spontaneous cognitive recourses 
where goals can shift the wandering thoughts from unproductive ponderings to productive 

incubation (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Benedek & Jauk, 2019; Christoff, 

Fox, Klinger, Koster, & Marchetti, 2018; Christoff et al., 2016; Smallwood, Ruby, & Singer, 
2013). Goals would therefore need special consideration before incubation periods are 

purposefully applied in creative projects.  

Importantly for this line of inquiry is that there is a distinct difference in the definition of 
creative problems in experimental situations and in applied context. Creative problems in 

incubation experiments typically have one clearly defined task that offers many possible 

solutions (Benedek & Jauk, 2019; Sio & Ormerod, 2009; Ward, Patterson, & Sifonis, 2004). 

Such well-defined problems are a rare find in practical situations. In fact, ambiguous 
problems with multiple solutions may be the only standard for creative problems in applied 

situations (Kaufman & Beghetto, 2013a, 2013b).  

Creative incubation has been reproduced experimentally with highly constrained tasks 
that are not in concordance with most normal real-world situations (Dodds, Ward, & Smith, 

2012; Sio & Ormerod, 2009). The clear task that are necessary for controlled experiments 
could create necessary context for incubation by clarifying how to achieve the creative goal. 
Clear experimental tasks most often support the goal of demonstrating creativity. Clear 

specific tasks therefore probably helpful to creativity on their own. It is possible that the 
clear task constraints that are necessary for controlled experiments are what shift the 

wandering thoughts from unproductive ponderings to productive incubation (Aldao et al., 
2010; Benedek & Jauk, 2019; Christoff et al., 2018; Christoff et al., 2016; Smallwood et al., 

2013). Without the right context for incubation, it is likely that spontaneous thought would 

go to its default state, leading to boredom or even worry about the creative task itself (Krys, 

Otte, & Knipfer, 2020). Successful incubation in previous experiments might therefore lie in 

the controlled experimental situation itself.  

1.1 Creativity  
Creativity is „the ability to produce or develop original work, theories, techniques or 
thoughts“ (American Psychological Association, n.d. Creativity). Creativity is regarded as an 

important ability for scientific discovery, new innovations and magnificent art (Runco & 

Jaeger, 2012). These examples of creative work are a rare manifestation of a common 

human ability that is creativity (Christoff et al., 2016). Creative solutions are not required to 

be grand, more commonly creativity is seen as clever solutions to everyday problems. 
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Creativity may therefore be an ordinary cognitive process with extraordinary results (Ward & 

Kolomyts, 2019).  

A creative solution is defined as a novel and appropriate solution to a problem. It is 
therefore not enough for a solution to be original or novel, the solution must also work to 

solve the problem. (Glăveanu & Kaufman, 2019). The solution is therefore clearly logical and 

probably works but something others did not think of. Assessment of these solutions allow 
researchers to measure creativity. 

As creative solutions are defined as unique or novel, there is an element of surprise to 

them. (Plucker, Makel, & Qian, 2019; Runco & Jaeger, 2012). This makes creative responses 

hard to predict as the literal definition of surprise is unexpected. The other requirement of 

appropriateness is easier to assess. In physics this means that creative solutions are novel 

but correct, in arts the requirements of appropriateness become less clear but the 

requirement of novelty is higher (Plucker et al., 2019). Physicists don’t need to be novel, but 
they must be correct! An artist however must be original. A helpful definition of a creative 

solution is that they are a surprise that make sense. 

1.2 Creative problems  
Despite the consensus that a creative problem is considered ill-defined without an obvious 
analytical strategy, a creative problem in an experimental condition is generally explicitly 

defined with a clear goal (Benedek & Jauk, 2019; Sio & Ormerod, 2009). As creative 

incubation may be considered a unique positive result of spontaneous thought it would be 
more reasonable to infer that incubation takes place under unique circumstances. 

The highly constrained creative tasks commonly used in incubation experiments are 
alternate uses tasks or AUT.  The AUT involves finding as many unusual uses for a common 

object, such as a paperclip. Alternative uses for a paper clip could be a keyring, earring, 
lockpicker, sundial, etc. (Kudrowitz & Dippo, 2013). Experimental designs on incubation 

using the AUT typically instruct participants to work on a creative task for a specific amount 

of time. After a few minutes of work on the AUT some participants will be asked to stop 
working on the AUT to work on an unrelated task. Then the original AUT is presented again 

to the participants (Sio & Ormerod, 2009). These unrelated tasks that split up the main task 

are typically referred to as interpolated tasks and this is where incubation takes place. 

Cognitive experiments repeatedly report better performance on a creative task after an 

incubation period. Of course, AUT tasks are always quite clear as they require participants to 

find creative uses for a specific object (Sio & Ormerod, 2009). 
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1.3 The current experiment 
A big question remains in the incubation literature. How far can a creative task deviate from 
experimental problems, for incubation gains to be expected? My hypothesis is that taking a 

break from an undefined creative problem will not spark incubation or be helpful to 

creativity. Why? It is likely that incubation gains result from spontaneous processing that is 
unlikely to be productive without a deliberately constrained task. 

Research has not provided answers to these questions and as practical methods to 

enhance creativity are gaining interest, it is important to ascertain what works and what 

methods might have unintended negative consequences. There are aspects to incubation 

that have not been researched quite enough for it to be purposefully applied. Choices ad 

ambiguity to creative tasks may allow more creative freedom but may interrupt cognitive 

processing of a creative task. As choices are preferred by students (Gilbert & Ebert, 2002) it 
would be important to test how choices affect creative incubation. Although more decision 

time may be preferred, a better use of this time could be to generate better solutions. 

Explicit creative tasks necessary for controlled experiments could make up the key 
ingredients for incubation to enhance creativity. Applied creative problems are more 

ambiguous and allow more choice in task selection. For incubation to be purposefully 

applied choices and task constraints must be explored in the context of incubation. 
Therefore, task constraints and choice during incubation will be the focus of the current 

study. 
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2 The creative cognitive process 

The first cognitive model of creativity was published almost a century ago by Graham Wallas 
in 1926 (Benedek & Jauk, 2019; Mednick, Mednick, & Mednick, 1964; Sadler-Smith, 2015). 

The Wallas model of the cognitive creative process consists of four-stages: Preparation, 

incubation, illumination, and verification. This model is foundational in creativity research 
and identifies the reciprocal relationship of cognitive control and spontaneous thought 

(Benedek & Jauk, 2019; Ward & Kolomyts, 2019). Cognitive control refers to deliberate 

conscious attention, whereas spontaneous thought is not under deliberate control, and can 

even be quite distracting. During preparation, cognitive control is needed as conscious 

attention is used to work on the task. Spontaneous thought takes place in the second stage 

of the process, the incubation stage. Note that the incubation stage does not happen in a 

vacuum; preparation is a necessary precursor. Illumination happens when a solution is 

realized and often ends the incubation stage. To verify the solution during the fourth stage 
the process shifts back to cognitive control, and here the solution is produced or tested 

(Benedek & Jauk, 2019; Ward & Kolomyts, 2019). To explain this process in more detail a 

practical example is needed. 

Imagine having a beautiful flat pack of IKEA shelves on the floor waiting to be assembled. 

IKEA has provided you with simple instructions to help the assembly. During the preparation 
stage cognitive processing relies highly on cognitive control. Working memory attends to 

relevant information such as the instructions and remembers where to find helpful tools 

lying around the house. This focus inhibits the automatic processing of irrelevant 
information such as worrying about the dirty dishes in the sink. 

Now imagine that the furniture does not fit as intended. This is frustrating so you leave 

and find something better to do, and start doing the dishes. Now conscious processing shifts 

from assembling furniture to washing dishes. Allowing an incubation period to start, here 
undirected spontaneous processing will continue to work on the furniture problem. 

While doing the dishes the mind wanders to the furniture problem buzzing in the back of 
your mind. Maybe the furniture could be resold or returned? Probably not, ahh money down 

the drain. But the color fits perfectly so you really want to find a way to make the furniture 

fit. These ponderings interfere with the dishwashing task, making the washing take longer 

than usual. Suddenly illumination and a possible solution to the furniture problem pulls your 

attention away from the dishes. The dishes are left in the sink, and you return to the 

furniture assembly to test the solution out. Now conscious attention is focused back to the 

furniture problem known as the verification stage. 
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As seen in the example above there seems to be an interplay between spontaneous 

thought and cognitive control that produces creative solutions (Hao et al., 2015; Seli et al., 
2015). In other words, there is a trade-off between mind wandering and performance on 

current tasks. When working consciously on a task, relevant information is accessible from 

memory and from the environment (Eiriksdottir & Catrambone, 2011; Kester et al., 2010). 

This is very important for creative productivity; however spontaneous processing may be 
more helpful for creative solutions or complex problems. 

Of these four stages the incubation stage has gained most interest in creativity research. 

It is during this stage where people spontaneously work on a problem without much 
cognitive control, that original creative solutions are generated. There is however mixed 

evidence about the role of cognitive control in creativity (Hao et al., 2015; Seli et al., 2015). 

Although spontaneous processing may facilitate more original creative solutions the 
importance of cognitive control during the first and last stages of the process cannot be 

overlooked. Preparation and verification rely on much cognitive control to facilitate creative 

production, allowing people to produce their discoveries. 

Spontaneous thought or mind wandering, and creativity are positively correlated (Seli, 
Smallwood, Cheyne, & Smilek, 2015). These correlations have not only been found in 

cognitive and neurological experiments, but also in real life. People that are recognized for 

their creative achievements are reported to be mind wanderers. The problem with mind 
wandering is that a lot of the times it interrupts important tasks without facilitating much 

creativity (Mooneyham & Schooler, 2013). Irrelevant mind wandering may interrupt 

important tasks and cause feelings of unproductivity that lead to a slight negative emotional 

state. Where the mind wanders from a current situation to worrying about the uncompleted 
task. It is more a matter of what tasks are interrupted by mind wandering and how 

spontaneous processing finds its way to a beneficial line of thought. Conscious processing of 
problems that requires cognitive control before incubation may set the stage for later 

spontaneous processing. 

2.1 Cognitive control 
Cognitive control refers to the ability to consciously direct our thoughts and actions. This 

process facilitates goal directed behaviors and attention (Chen, Castro-Alonso, Paas, & 

Sweller, 2017; Sweller et al., 2019). Cognitive control is required for high level complex tasks 

and creative tasks fall under that category. Cognitive control is important for working 

memory that facilitates flexible, adaptive behaviors. In simple terms working memory refers 

to the ability to respond to the environment, focus on current tasks and using task relevant 
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information (Benedek & Jauk, 2019; De Dreu, Nijstad, Baas, Wolsink, & Roskes, 2012; Sweller 

et al., 2019). 

People clearly need cognitive control to be productive in their creations. A photographer 
needs to adjust the focus, spot a scene to photograph, remember how to manipulate light to 

shoot a creative picture. Mind wandering that shifts attention away from a current task and 

interrupts this conscious deliberate work, is known as distraction. Distraction is detrimental 
to most aspects of cognitive performance, including creative performance where people 

must make or demonstrate their ideas (Hao, Wu, Runco, & Pina, 2015; Kane et al., 2007).  

Effective conscious processing during the preparation period may be a necessary 
precursor to incubation (Howe, McWilliam, & Cross, 2005; Ward & Kolomyts, 2019; Ward et 

al., 2004). Clear tasks allow effective conscious processing that promotes learning and task 

performance (Eiriksdottir & Catrambone, 2011). Clear specific goals that are consciously 

processed during the preparation period set the stage for the incubation period.  

Processing during the preparation period could attract spontaneous cognitive resources 

that continue the same trajectory of processing during a break (Bos, Dijksterhuis, & Baaren, 
2008; Kane et al., 2007; Ritter & Dijksterhuis, 2014). Allowing the mind to drift productively 
towards a goal, instead of aimless mind wandering. Think of pushing a raft from shore, the 

push affects the trajectory as well as the conditions on the lake itself. In the same vein, 
uncertainty about a goal could be seen to maintain mind wandering in its most recognized 
state, as task irrelevant thinking that can be disruptive to optimal functioning (Christoff et 

al., 2016; Kane et al., 2007; van Vugt, van der Velde, & Investigators, 2018)  

There seems to be an interplay between spontaneous thought and cognitive control that 
produces creative solutions (Hao et al., 2015; Seli et al., 2015). Mind wandering is only 

suggested to support creativity when people are not actually doing creative things. In other 

words, there is a trade-off between mind wandering and productivity on current tasks. Clear 
tasks allow effective conscious processing that promotes learning and task performance 

(Eiriksdottir & Catrambone, 2011). Effective conscious processing during the preparation 

period is a precursor to incubation (Howe et al., 2005; Ward & Kolomyts, 2019; Ward et al., 
2004).  

2.2 Incubation 
Incubation is defined as “the gradual generation of a solution to a problem at an 

unconscious or semiconscious level, often after an attempt at a conscious, deliberate 

solution has failed” (American Psychological Association, n.d. Incubation). The incubation 

effect is a robust effect generally found in divergent thinking and insight problem solving 
experiments (Benedek & Jauk, 2019; Sio & Ormerod, 2009). The incubation effect has been 
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researched quantitively in cognitive experiments (Sio & Ormerod, 2009) and neuroimaging 

studies (Beaty, Benedek, Kaufman, & Silvia, 2015; Beaty, Benedek, Silvia, & Schacter, 2016; 
Beaty et al., 2014). In cognitive experiments the incubation period is reproduced by 

interrupting a creative task, with a different task. When these tasks split up the creative task 

to make an incubation period, they are called interpolated tasks. 

The main purpose of interpolated tasks are to inhibit deliberate conscious work on the 
creative problem (Baird et al., 2012). During the AUT trials, participants work consciously on 

finding creative solutions relying heavily on cognitive control, not spontaneous thought 

(Baird et al., 2012; Sio & Ormerod, 2009). Spontaneous processing takes place during the 
incubation period while participants work on the interpolated task. Interpolated tasks vary in 

their complexity and demands on conscious processing. Low cognitive load tasks are simple 

to complete and may allow some mind wandering, where thoughts accidentally but 
consciously slip to the creative task. High cognitive load tasks are complex and difficult to 

complete making conscious processing of any other task near impossible, here unconscious 

spontaneous processing may still work towards creative solutions. Research suggests that 
low cognitive load tasks bring the greatest incubation gains (Sio & Ormerod, 2009). 
Interestingly low cognitive load tasks have an even greater effect on creative performance 

than rest alone and explicitly thinking about the creative problem (Baird et al., 2012)  

Various cognitive processes have been suggested to account for the incubation effect, 
but the underlying process is still debated. The main debate revolves around whether 

incubation is an active or passive cognitive process. An active process implies thinking either 

consciously or unconsciously and accordingly incubation is due to cognitive work on the 

problem during the incubation period. Passive processes are the absence of thinking, which 
suggests that resting or not thinking about the problem might “refresh” the mind and relax 

the participants (Knoblich, Ohlsson, Haider, & Rhenius, 1999). Resting could help the mind to 
overcome fixation by forgetting irrelevant information and getting a fresh look at the 

problem (Kohn & Smith, 2009). 

However, the incubation effect cannot be fully explained by passive processes, as 
mounting evidence suggests that active cognitive processes are important during the 

incubation period. For example, research has shown that the incubation gains are stronger if 

people are aware that they will continue working on the problem after the interruption 

(Gallate, Wong, Ellwood, Roring, & Snyder, 2012). Additionally, incubation gains will not be 

present if the creative task is changed after the incubation period (Baird et al., 2012; Gallate 

et al., 2012). For example, if participants are asked to find alternate uses to a paper clip 

during preparation and then a towel after incubation. As such active cognitive processes 
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prepare the mind for later work, it suggests an active spontaneous process that cannot be 

explained solely by resting (Bos et al., 2008).   

Moreover, it seems that cognitive systems need processing space during incubation. As 
stated above, the same creative task must be used before and after the incubation period 

for incubation gains to be expected. But the task that is used to create the incubation period 

should be different from the creative task itself. When the interpolated task is unrelated to 
the creative task (i.e. verbal vs. numerical) the incubation gains are stronger than when the 

tasks are similar (Gilhooly, Georgiou, & Devery, 2013). For example, using math problems as 

the interpolated task is when the creative task involves writing a story. Further studies have 
demonstrated that placement of helpful cues during the incubation period brings greater 

incubation gains than no cues. Taken together, the evidence suggests that the mind seems 

to actively process environmental cues during incubation, indicating an active cognitive 
process underlying the incubation effect (Kohn & Smith, 2009). Interestingly misleading cues 

have a negative effect on creative problem solving and this also suggests active processing 

(Dodds, Ward, & Smith, 2004). It is therefore likely that incubation gains are due to ongoing 
active cognitive processing during the incubation period (Dodds et al., 2004). Also known as 
spontaneous thought.  

2.3 Spontaneous thought  
Spontaneous thought is an active cognitive process that may explain the incubation effect 

(Baird et al., 2012; Ritter & Dijksterhuis, 2014). Spontaneous thought refers to unconscious 

information processing (Bos et al., 2008) or semi-conscious information processing that is 

undirected, commonly known as mind wandering (Baird et al., 2012). Spontaneous thought 
is more commonly recognised for its negative effects on attention and mood than for 

enhancing creative problem solving (Killingsworth & Gilbert, 2010). Spontaneous thought is 
often regarded as a disruptive type of thought, that not only interferes with current tasks 

but can also lead to depressed moods (Aldao et al., 2010; Christoff et al., 2018). Constrained 

repetitive mind wandering can present itself under stressful situations as worrisome 
thoughts or even rumination (Fawcett et al., 2015). Less advantageous aspects of 

spontaneous processing clearly need to be considered, before purposefully applying 

incubation into creative tasks.  

It may seem that incubation and rumination are set up as opposite extremes, this is not 

necessarily the case. As incubation may be a unique positive result of spontaneous 

processing, then this probably requires special circumstances. When people are interrupted 

during a task or given time to mind wander it is more likely that they will just be bored, 
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distracted and not very creative. Project’s people have been or are currently working on 

clearly influence spontaneous processing. 

It is well established that spontaneous thought or mind wandering is prominently related 
to the individual’s goal pursuits (Christoff et al., 2018). Goal monitoring is largely 

unconscious (Bos et.al, 2008) and progress towards a goal influences people’s emotion (Klug 

&Maier, 2014). Importantly, progress towards a goal is a notable determinant of a person's 
positive affect (Klug & Maier, 2014). It is therefore possible that incubation is simply 

productive mind wandering where goals direct spontaneous thoughts in a productive 

direction (Bos et al., 2014). A goal directed aspect to incubation, supports the view of 
incubation as an active cognitive process (Baird et al., 2012; Bos et al., 2008). 

An experiment by Gallate and colleagues in (2012) suggests that incubation is just as goal 

dependent as other aspects of spontaneous thought. The main purpose of the experiment 

was to demonstrate that incubation was an active cognitive process, that could not only be 
attributed to rest. They did this by simply making half of the participants aware that they 

would continue working on the AUT problem after the incubation period. The other half 

were unaware of this and were surprised when they encountered the task again. The 
interpolated task in this experiment was a high cognitive load task requiring 90% accuracy. 

Suggesting that the spontaneous processing of the AUT during the incubation period was 

mostly unconscious. This experiment also demonstrated that participants that did well on 
the first AUT trial benefitted more from an incubation period. The researchers concluded 

that creative individuals use unconscious processing more to their benefit than less creative 

individuals (Gallate et al., 2012). Although the participants that did well on the first AUT trial 

may be more creative than other participants, I believe that it is also possible that the high 
achievers also worked harder on the task. This could have resulted in better processing 

during the preparation trial allowing a better incubation period.  

The link between mind wandering and creativity was studied in an experiment by Baird 

et al. (2012). In the experiment, participants worked on two AUT tasks before and after the 

incubation period. Additionally, two new AUT problems were introduced after the 

incubation period. Mind wandering was measured immediately after the incubation period. 

During the incubation period participants worked on either a difficult task, an easy task or 

rested for 12 minutes. Rates of mind wandering were similar between the easy task and rest 

conditions, much higher than in the difficult task. Interestingly, participants who worked on 

an easy task during incubation performed better on the creativity task compared to the 

other groups, including the one that rested. However, the same group performed much 

worse when new AUT tasks where introduced after the incubation period (Baird et al., 
2012). These results suggest that under specific circumstances mind wandering might 
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increase performance on a creative task later. However frequent mind wandering can also 

impair performance on new tasks (Baird et al., 2012). 

Therefore, information continues to be processed after instructions are set aside. Goals 
with clear tasks attract cognitive resources including spontaneous thinking and mind 

wandering, which may be the key to incubation. Without a clear goal, mind wandering 

remains in its most recognized state, as task irrelevant thinking that can be disruptive to 
optimal functioning (Christoff et al., 2016; van Vugt et al., 2018). 

2.4 Goals in incubation 
A goal describes the desired results of a task or the reason why people are working on the 

task. Tasks are the activities undertaken to reach a goal, that is the behaviours themselves, 

note that planning and organizing are also behaviours. Goals strongly influence behaviour, 

attention and motivation leading to better performance on tasks. But when does a goal 
become a task? The difference between goals and tasks seems rather straightforward, a task 

defines what to do and a goal why this should be done(Locke & Latham, 2006). Goals are 

however complex and can range from living a happy healthy lifestyle to drinking a glass of 
water every morning. It is highly unlikely that these two goals would have the same effect on 

spontaneous thought. One goal determines what someone wants, health, but the other 

drinking water defines a way to achieve the goal. Drinking water is quite simply a task that 
supports a high-level goal of health (Benedek & Jauk, 2019; Dietrich & Haider, 2017). Clear 

attainable tasks paired with attractive high-level goals have repeatedly demonstrated to 

impact behaviour(Locke, 1996). Clear tasks break goals down into smaller achievable sub 

goals and are more likely to be pursued and completed.  Completing tasks allow people to 
more easily monitor their progress towards their goals (Krys et al., 2020). Progressing 

towards a goal can bring feelings of accomplishment and motivate people to continue 
working towards the goal. When a high-level goal is paired with unspecific tasks goals are 

less likely to be achieved. Goals organize cognitive processing from more important work 

“clear goals” to less important “unclear goals”. This also applies to creative tasks having 
creativity goals on tasks (Madjar & Shalley, 2008; Shalley, 1991).  

Given the important role of goals in spontaneous thought, (Bos et al., 2008; Christoff et 

al., 2018) and the proposed link between spontaneous thought and incubation (Benedek & 

Jauk, 2019; Ritter & Dijksterhuis, 2014) it is surprising that task specificity has not gained 

much attention in incubation research.  

Previous experiments have provided evidence about the goal dependency of 

spontaneous thought, during problem solving. But in the experiments the “goals” are so 

specific it could also be argued that they are specific tasks (Benedek & Jauk, 2019). Examples 
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of these goals are “make a good decision about roommates” or “find alternative uses to a 

paper clip”. This indicates that the specificity of the task and not the goal itself is key better 
performance (Baird et al., 2012; Bos et al., 2008; Gallate et al., 2012). All participants had 

shared goals, that is to provide good decisions or creative responses after an incubation 

period. What distinguished between more successful participants from the others is that 

they knew what task they would work on to achieve the goal (Bos et al., 2008) had worked 
on the task before (Baird et al., 2012) and expected to work on it again (Gallate et al., 2012). 

When participants are surprised with new tasks or the task is changed incubation does not 

benefit problem solving. An incubation period may even impair creative performance if the 

creative task changes (Baird, 2012). Here a task could change from finding alternative uses to 

a paperclip to a towel, but the goal remains the same “be creative in finding alternative 

uses”. This indicates that spontaneous cognitive work on a specific task and not the goal 

itself plays a part in successful incubation (Baird et al., 2012; Bos et al., 2008; Gallate et al., 
2012). 

2.5 Choices and spontaneous thought 
Selecting creative projects is preferred by high achieving students and teachers that are 

implementing creativity in their classroom (Hennessey, Beghetto, & Kaufman, 2010). 
Choosing is expected to boost motivation, allow creative freedom and is thought to be 

preferred by students. Selecting projects is considered an educational perk expected to 

enhance intrinsic motivation yet importantly, is not treated as a specific task. Motivation, 
engagement and choices are all very important in creativity (Grant & Berry, 2011). 

Choices and creative freedom are believed to be extremely important in creative 
projects, but surprisingly, the role of choice has not received much attention in incubation 

experiments. Choice has, however, been studied in the context of spontaneous thought and 
the results consistently shown that making a choice is a complex decision that requires 

spontaneous processing (Bos et al., 2008; Gilbert & Ebert, 2002). The main interest in these 

experiments is to test how choice affects outcome satisfaction and why. 

To explain this in the context of spontaneous thought, the experimental method used 

needs some introduction. Experiments on choice and satisfaction use the free choice 

paradigm, offering choices between similar options; these can be kitchen appliances, 

paintings, dining options, etc. Participants rate these options and choose between similarly 

liked options. When the objects are rated again after the choice has been made, participants 

will like the option they selected more than they did in their previous rating (Gilbert & Ebert, 

2002).   



 

21 

People do grow to like their choices, and this may be due to spontaneous thought or 

deliberate decision making. But people rarely need to make permanent decisions on the 
spot. Today’s choices often allow people to try things first or allow an abundance of time to 

think before deciding. Purchases can be returned, students take weeks in selecting their 

courses for the next semester, and so on. People do prefer having the option of having a few 

days to make up their mind rather having an unchangeable choice (Gilbert & Ebert, 2002; D. 
T. Gilbert & Wilson, 2009).  

However, when the experimental protocol allows participants to change their mind, they 

will not grow to like their choice as they would if they had to decide on the spot. A series of 
experiments on choices and outcome satisfaction repeatedly demonstrated that changeable 

choices lead to less satisfaction with outcomes. These experiments offered a selection 

between different printed images. Half of the participants would leave with the selected 
image and never be allowed to change their choice. The other half were allowed a few days 

to make sure that the choice was right for them. The experimenter would call them again to 

make sure that they were satisfied with their choice and allow them to change their mind. 
Later ratings showed that participants that could change their image selection were less 
satisfied with their eventual choice than participants that made a permanent selection ( 

Gilbert & Ebert, 2002). Here the permanent selection group processed their decision in a 
way that allowed them to like the picture more than before. On the other hand, participants 
that could change their decision used this processing to make sure that the selected image 

was really their favorite. This did not increase their liking of their picture as it did in the 
permanent decision group.   

Gilberts and Eberts (2002) conclusions received some criticism regarding how real the 
change in liking could be. It was argued that these results were due to conscious processing 

after the decision had been made. So, people “force” themselves to like the choice more as 
there are no other options available. Participants do therefore not really like the choice 

better; they choose to like it better. To assess this conclusion, the experiment was repeated 

with patients with anterograde amnesia who cannot make new explicit memories. As these 
patients are unable to remember their previous selection, they cannot choose to like this 

selection more at a later time (Liberman Ochsner Gilbert, Schacter 2001). Here changes in 

attitudes towards the previous selection was even more pronounced than in students 
without memory problems. The changes in attitudes and effects on outcome satisfaction 

therefore seem to be implicit indicating spontaneous processing. This means that people 

“really” unavoidably like their choices more after they become permanent.  

The changeability of a choice is important due to how information is processed. 
Unchangeable situations allow people to spontaneously interpret situations to their benefit. 



22 

They are more likely to pick up on cues that help their interpretation and retrieve useful 

knowledge or information. In other words, people learn to cope and make the best of things, 
but only after the situation is unchangeable. Social psychology has studied this interesting 

achievement from various perspectives that all boil down to a key theme, people are adept 

in optimizing their outcomes (Gilbert & Ebert, 2002).  

I believe this also applies to tasks performance. When a task can be changed, 
spontaneous processing is used to select the “best” option, here the options are creative 

tasks. Evaluating options uses spontaneous processing just as creative incubation. 

Spontaneous evaluation of changeable creative tasks could interfere with incubation. If a 
creative task can be changed spontaneous processing is busy with evaluating tasks and less 

effort will work on solving the selected task. 

Predetermined AUT tasks most commonly used in incubation research are highly specific 

and participants are usually not allowed to choose their task. For example, the goal; 
demonstrate your creativity, is clarified by adding the task; by finding many alternative uses 

to a towel. This task is more specific than to find many uses for a towel or a pencil. Choice 

could be allowed by simply allowing participants to select the object they would like to use 
during the AUT. Changeability could be implemented by also allowing them to change their 

AUT task to their second favorite “if something better comes to mind” (Bar-Anan, Wilson, & 

Gilbert, 2009; Gilbert & Ebert, 2002). This freedom also makes the creative task less specific, 
and possibly removing the context needed for incubation.  

In the current experiment the effects of choice on creativity will be tested in the context 
of incubation. Participants will either choose immediately and permanently or will have the 

option of revising their choice. Having a changeable choice makes the creative task less 
specific, this manipulation is expected to restrict the spontaneous processing needed for 

incubation. Participants are expected to mull over their decision instead of generating new 

and varied solutions.  

2.6 Evaluating creative solutions 
In any research on creativity an important issue concerns how to evaluate the results. When 

the alternate uses task is used in research the solutions that were generated are compared. 

Creative solutions are defined as novel and appropriate (Amabile, 1982) and this means they 
are original but work within a given context. A number of methods are used to rate creativity 

all with their own benefits and limitations. (Plucker et al., 2019; Runco, Millar, Acar, & 

Cramond, 2010) and rarely encompass this requirement completely (Benedek, Mühlmann, 

Jauk, & Neubauer, 2013; Silvia, 2011). 
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The simplest way of rating the AUT is counting the total number of appropriate solutions, 

known as creative fluency. This has obvious problems as it does not distinguish between  
creative solutions and common unoriginal responses, as many solutions are not necessarily 

creative solutions (Silvia, 2011). Despite this, creative fluency does correlate highly with real 

life creativity, and likely means that creative people produce more ideas in general (Runco et 

al., 2010). There are however few that would accept that the number of responses is a valid 
measure of truly creative solutions.  

The most accepted rating method for creative solutions is the consensual assessment 

technique or CAT developed by Teresa Amabile (Amabile, 1982; Silvia, 2011). In this method 
several independent raters are asked to score the creativity of each response. The scores are 

added up for each participant and averaged between raters finding a total score for each 

participant. In some cases, the CAT score is divided by the number of responses to calculate 
a mean creative score for each participant.  

The main fault with the CAT is how labour intensive it is and highly confounded with 

fluency, i.e., how many responses the participant provided. When creative productivity is 

divided with fluency it does penalize participants for their productivity. Consequently, a 
highly productive participant with many responses and two excellent responses will receive 

a lower score than someone with only two highly creative responses. It can easily be argued 

that the former should receive a higher score (James C Kaufman, Lee, Baer, & Lee, 2007; 
Silvia, 2011). When the creative productivity score is used without averaging, it does not 

penalize productivity but is also highly confounded with fluency (Madjar & Shalley, 2008). 

Here someone with 10 mediocre ideas would get a higher score than someone with three 

excellent ideas.  

Deciding whether to average the scores is a matter of preference, the purpose of the 

measure and what participants are instructed to do. The mean is supposedly a better 

measure of creative originality or how novel the responses are. Creative productivity can 

however be appropriate in some situations, for example when participants are explicitly 

asked to respond with as many creative solutions as possible. As participants had been 

instructed to find as many creative solutions as they could. Creative productivity measures 

the performance in a way the participants in this experiment expect to be measured. This 

allows participants to strategize how to solve the problem and monitor their own 

performance accordingly.  

The methods introduced so far rate all responses in some way which bears little 
resemblance to real life situations where the best ideas are the only ones that really matter 

(Silvia, 2011). Generating many ideas might increase the likelihood of getting a great idea, 

but it is not a necessary condition. Creative fluency should be considered a means to an end, 
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the end being finding the best solution. The mean creativity score of the CAT is a better 

estimate of creative originality but is highly confounded with fluency. To address these 
problems Paul J. Silvia developed the top two index (Silvia, 2011), also known as subjective 

top scoring (Benedek et al., 2013).   

To create the top two index only the two best ideas from each participant are rated by 

independent raters. Typically, this is done by asking the participants to select their best ideas 
(Silvia, 2011). In this experiment, a teacher blind to the experimental conditions was asked 

to select the three best ideas from each participant. The top two index has higher reliability, 

than other methods (Silvia, 2011). More importantly, the method does not penalize 
participants for productivity. The top two index is less labour intensive as only the best two 

answers are rated by independent raters (Benedek et al., 2013). Further research on the 

method indicates that using the top three ideas, thus creating a top three index, is an even 
more robust measure of creativity (Benedek et al., 2013).  

The top indexes require high interrater reliability between the judges that score the 

responses. Some training for the judges is recommended, training involves explaining the 

requirements of creativity as both novel and appropriate. Raters are asked to use the full 
scale and are reminded that truly creative ideas are rare, and the highest score should only 

be used for extremely creative ideas (Benedek et al., 2013; Silvia, 2011). 

The previously discussed measures of creativity, the fluency and the CAT with and 
without averaging scores are all highly confounded. They probably measure a similar 

construct of creativity (Benedek et al., 2013; Silvia, 2011). The top three index is a different 
measure of creativity and does not correlate with fluency and productivity scores. The top 

three index appears to measure the construct of original creative solutions in a better way. It 
neither penalizes participants for productivity (Benedek et al., 2013; Silvia, 2011), nor does it 

advance productive responders.  

In my experiment creativity will be assessed with a top three index. The measure is 
sensitive to creative originality an incubation period should therefore raise the score on the 

top three index. Creative productivity will also be measured, this measure is similar to the 
CAT, but as only one rater assessed all the responses. As the measure does not meet the 

required amount of raters to be considered a CAT this measure will be called creative 

productivity. The participants are asked to respond with as many creative ideas as they 
possibly can and told that each response will score points. All points will be added together 

to find the creative productivity for each participant (Madjar & Shalley, 2008). Creative 

productivity is used to assess how well the participants did according to the test instructions 

which requires cognitive control (Eiriksdottir & Catrambone, 2011).  
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3 The present study  

Goals in previous incubation experiments are so highly constrained that they could be 
regarded as tasks. This experiment will test if incubation is a context dependent form of 

spontaneous thought, and as such, highly goal dependent. Having clear tasks in incubation 

experiments may therefore produce the incubation gains seen and the goal here is to see if 
incubation requires the context found in these highly constrained tasks. The creative task in 

the present experiment was highly specific, however the participants could choose what 

object they used in the AUT. To manipulate the task constraints (independent variable 1) 

half of the participants could also change their decision in AUT object. Leaving the decision 

open during an incubation period (independent variable 2) was expected to interfere with 

the spontaneous processing needed to bring better creative solutions  

I will distinguish between the goal to be creative, and the task specified by the choice in 
AUT task. To achieve the goal, participants must complete the task of finding many creative 

alternate uses to an object (AUT tasks). All participants completed an AUT task which 

contained a practice trial and a test trial. Before the AUT trials all participants rated and 
selected two objects to use in the AUT trials. Each participant could choose among four 

objects: a balloon, a drinking straw, a flowerpot and a towel. They evaluated the four objects 

and selected the two they wanted to use in the upcoming AUT trials. One object was defined 
as the test object (used in both the practice and test AUT trials), the other was the practice 

object (used only in the practice AUT trial). The test object was selected by deciding between 

the two most liked objects, consequently the second favourite object became the practice 
object. All participants selected their test object and practice object before working on both 

AUT trials. During the first AUT task the “practice trial”, participants worked on both AUT 

tasks, finding alternative uses to the two objects they had selected. In the second AUT trial 

“the test trial”, only one of the two objects were used.  

The first independent variable in the experiment was task constraints on the AUT task. 

Task constraints had two levels: high and medium task constraints. The manipulation took 

place when the participants decided between the practice and test objects: For half of the 
participants the choice of the test object was changeable (medium task constraints) but for 

the other half it was not (high task constraints). When the object was changeable 

participants could change their minds regarding which object to use after the AUT practice 
trial but before opening the AUT test trial. In the high constraints condition the participants 

could not change their minds and used the test object they had originally selected. The 

choice of test and practice object was therefore permanent before starting both AUT tasks 
for the high constraints’ groups.  
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The decision in test object and practice object was made at the same time in all 

conditions. However when the decision was made the decision was final and unchangeable 
for only half of the participants, in the high constraints condition. In the medium constraints 

condition participants made their decision but were told that they could change their choice 

from the test object to the practice object “if needed”. Importantly the selected “test 

object” would only change if the participants chose to do so (Gilbert & Ebert, 2002). When 
the AUT test trial started all participants were reminded of their test object, and practice 

object. In the medium constraints condition participants could confirm their choice or 

change their AUT test object. In the high constraints condition participants could only open 

the test and work on their selected task. 

The second independent variable was an incubation period; where a cognitively 

undemanding task was either interpolated between the practice AUT and test AUT trials 
(incubation period) or completed before them (no incubation period). As the two 

independent variables were fully crossed, the experimental manipulation produced four 

experimental groups: 

1a. Incubation period x high constraints 

1b. Incubation period x medium constraints 

2a. No incubation period x high constraints 

2b. No incubation period x medium constraints 

The first dependent variable is creative originality that is how well the participants could 

generate novel and appropriate ideas. Creative originality is measured with the top three 

index that only compares the best ideas from each participant. Focusing only on the most 
creative output the top three index compares only the best most original creative ideas. 

Incubation periods reportedly produce more original creative solutions, the top three index 

captures creative originality. An incubation period should therefore raise the scores on the 
top three index. The second dependent variable is creative productivity that assessed how 

well participants were able to follow the AUT instructions during the AUT trials. Creative 

productivity involves following the instructions and relies more heavily on working memory. 
Clear tasks are beneficial to working memory, high task constraints clarify the task and 

should therefore produce higher scores on the creative productivity measure.  

The top three index would therefore capture how incubation periods are affected by task 
constraints. Incubation gains were only expected in the group that worked on a highly 

constrained task. This would indicate that spontaneous processing is at work during 

incubation which benefits creativity. The task constraints influence how the information is 

processed. High constraints give the mind a clear task to work on during incubation.  Specific 
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tasks therefore provide the context needed for incubation that allow spontaneous 

processing to benefit creativity.  

Given the experimental design, the predictions were that high task constraints would 
produce incubation gains. Therefore the group that worked on a high constraints AUT task 

and received an incubation period was expected to produce higher creativity scores than 

participants who worked on a medium constraints AUT task. If task constraints do not 
determine incubation gains, then no difference would be seen between the two groups who 

had incubation periods. The results of the experiment are therefore expected to answer the 

question:  

Are high task constraints necessary to facilitate creative incubation?  

This experiment will test if highly constrained tasks found in incubation experiments are 

a required for incubation periods to result in better creative solutions. Two independent 
variables were used: task constraints and incubation period. The dependent variable is 

creativity measured with the top three index.  

Five hypotheses are proposed in the study, the first three measure the effects on the top 
three index:  

Hypothesis 1: When provided with a highly constrained task, an incubation period will 
improve creativity as compared with not having an incubation period.  

The prediction is that classic incubation gains will be seen in the experiment, when 
comparing the two groups who complete a highly constrained task. When the creative task is 

unchangeable an incubation period will result in higher scores on the top three index. To 

assess if typical incubation gains are found two groups are compared on creative originality, 
that is, incubation period x high constraints and no incubation period x high constraints.  

Hypothesis 2: Providing an incubation period to a less constrained task will not be as 
beneficial as compared to  providing an incubation period to a highly constrained task 

The prediction is that incubation periods affect creativity differently depending on task 
constraints. Implementing an incubation period while working on a task with medium 

constraints could therefore lead to less creative solutions as compared to a constrained task. 
To assess if incubation gains are lessened when a task is less constrained the two incubation 

groups are compared. The dependent variable is creativity measured with the top three 

index. That is, the groups incubation period x high constraints and incubation period x 
medium constraints will be compared on the top three index. 

Hypothesis 3: There is an interaction effect between task constraints and incubation 
periods. This interaction leads to more creativity when an incubation period is implemented 

but only when the AUT task has high constraints.  
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The prediction is that high task constraints facilitate incubation gains by constraining 

spontaneous processing in a deliberate but helpful way. Without high constraints incubation 
will not take place. 

During the experiment participants were explicitly asked to find as many creative 

solutions as they could. Creative productivity is an indicator of how easily the participants 

were able to follow the instructions while working on the AUT tasks. This relies on working 
memory and not spontaneous processing. A changeable task makes the AUT ambiguous and 

here an incubation period will interfere task performance. Note that participants that scored 

low on creative productivity may have scored high on the top three index that measured 
creative originality. This could happen if a participant provided very few, but highly creative, 

responses.  In contrast a participant that scored very low on the top three index could get a 

high score on creative productivity, if they responded with many uncreative solutions. 
Creative productivity does not distinguish as well between great creative ideas, as the top 

three index.  

Hypothesis 4: Medium task constraints will lead to a lower score on creative productivity 
in comparison to high task constraints. 

This prediction is that a changeable task ads ambiguity to the AUT trials and make them 

more difficult to complete. Here both groups with high task constraints are compared with 
both groups with low task constraints on creative productivity  

Hypothesis 5: When a task has medium constraints an incubation period will negatively 
impact creative productivity in comparison no incubation period.  

The predication is that an incubation period will complicate a changeable task. The 
groups with the no incubation period x medium constraints and incubation period x medium 
constraints are compared on creative productivity.  

Stated simply the main hypothesis of this experiment is that by constraining tasks 
creative incubation gains are made possible. Constrained creative tasks allow spontaneous 

processing to work towards finding creative solutions during an incubation period. This 

results in higher measures of creativity, which will be assessed with the top three index. 
Without a constrained task, an incubation period may even lead to less productivity on a 

creative task. 
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4 Method 

4.1 Participants  
Participants were 69 students attending class in Fjölbrautaskólinn í Breiðholti (FB), a 

comprehensive upper secondary school offering both vocational and academic programs. 

Three participants were excluded because of substantial missing data and one participant 
left the experiment. The final sample therefore consists of 65 students (28 women, 32 men, 

and 5 chose not to disclose their sex). The age range was quite large (min 17, max 34) with a 

mean of 19,5 years. Most of the participants 72,3% were majoring in academic courses, and 
27,7% were majoring in a vocational field.   

The experiment was conducted on the 3rd of March 2021 during the Covid-19 pandemic. 
At that time schools had temporarily been opened as Covid infections in Iceland were low. 

However, on that day there was an ongoing earthquake swarm due to a pending volcanic 

eruption (the eruption started two weeks later). These unusual conditions resulted in three 

noticeable earthquakes over magnitude 3 on the Richter scale during the experiment. The 

experimental conditions may therefore have been more stressful than intended. Participants 
were attending school in these conditions and were getting used to the earthquakes. So, 

participation was not more stressful than working on school projects on the day of the 
experiment. The timing of the earthquakes is documented and could be for a later analysis. 
The earthquake data will however not be used for this analysis.   

4.2 Design  
Previous experiments have demonstrated that interpolating a task during creative problem 

solving brings incubation gains. This experiment will examine how context dependent the 

incubation effect is by slightly decreasing creative task constraints. To determine the effects 

of context on spontaneous thought two independent variables (creative task constraints and 
incubation period) were manipulated. Each participant received one level of each 

independent variable (creative task constraints: high or medium) and incubation period 

(included or not). The experiment used a between group comparisons design, the 

participants (n = 65) were randomly assigned to one of four conditions based on the 

independent variables. The experimental groups and independent variables are detailed in 
table 1.  
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Table 1: The experimental design 

2x2 Design Task constraints  

High  Medium  

Incubation period Included  1a. High task constraints, with 
incubation period (n = 17) 

1b. Medium task constraints, 
with incubation period (n = 17) 

Not included 2a. High task constraints, no 
incubation period (n = 16) 

2b. Medium task constraints, 
with incubation period (n = 15) 

 

 High task constraints meant that participants would select the object to use in the AUT 
tasks and not be allowed to change their choice. In contrast, medium creative task 

constraints meant that participants could change their selection before the AUT test trial.  

A choice reaction task was completed either independently before the AUT tasks or 

interpolated between the practice and test AUT tasks, creating an incubation period. The 
choice reaction task was adapted from Baird et, al (2012) as this is a low cognitive load task 

that has demonstrated incubation gains and high levels of mind wandering (Smallwood & 

Schooler, 2015).  

As the goal is to study how of incubation and task constraints effect creativity. The 
measure of creativity originality is the most important measure in this experiment as this 

measure is more likely to benefit from an incubation period (Benedek et al., 2013; Silvia, 
2011). Creativity will be measured in two ways: With creative originality with the top three 
index (dependent variable 1) and creative productivity (dependent variable 2).  

For the top three index, the best three ideas of each participant were rated by three 
different independent raters. (Benedek et al., 2013; Silvia, 2011).  The three best ideas were 

selected by a fourth rater blind to the experimental conditions, that did not provide scores 

on the top three index. 

Creative productivity will be measured by giving each idea points and adding the points 
up for each participant. The participants were asked to generate as many creative ideas as 

possible during the AUT trials. The creative productivity measure is consistent with the 

instructions provided on the AUT trials – and therefore represents the expected measure for 
participants. 

Data on creative fluency and mean item creativity was collected. Although this data was 
not used in the main analysis, we will report correlations on all creativity measures. At the 
end of the experiment participants rated their own performance. The correlations between 

self-evaluated performance and actual measures of creative performance will be reported.  
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4.3 Procedure  
After gaining informed consent, participants entered an IT classroom in their school building, 
where all participants completed the experiment on individual and identical computers. A 

research assistant greeted the participants and instructed them to their assigned computer. 

Each participant received one level of each independent variable. Figure 1. explains the 
procedure of the experiment and identifies where the manipulations took place.  

 
Figure 1: Let them wonder, experimental procedure. 

The stages of the experimental procedure are detailed here below, note that the timeline 

of the experiment therefore changes according to the experimental manipulations. When 

this applies the procedural stage is marked with depending on the independent variable. 

Independent variable 1 is noted with 1a when a task is highly constrained and 1b medium 
constraints. When an incubation period is included, this is marked 2a and 2b when it is not 

included. Participants were informed at the start of the experiment that they would be 

taking a test designed to measure creativity. The participants then proceeded to a 
questionnaire collecting demographic information.  

2a and 2b – Choice reaction task for participant without an incubation period: The choice 
reaction task that consisted of numeric digits from 1-9 presented on screen for 1,5 seconds, 

separated by a 0,5 second fixation cross. The numbers were either red or green, half of them 

odd numbers. The task presents 81 green non-targets, 36 red non targets and 35 red targets. 

Participants were told to press the space button whenever a target (red number) was also an 

odd number. The task would measure their response time and record their responses.  
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The "creativity test” explained: AUT tasks were described as creativity tests and their 

scoring explained. The participants were told that the creativity test would involve finding 
creative alternate uses for a common object. A creative alternate use was defined as a novel 

yet logical way to use the object. Creative uses are easily recognized as a surprise that makes 

sense, examples of alternate uses to a fork were provided. Examples were provided that 

described a creative alternative use, a practical use that was not creative and a novel 
alternate use that was not logical. It was explained that high scores on the creativity test 

could be achieved by finding as many creative alternate uses as possible for a single object. 

Each unique answer would be rated on a scale from 1-5 depending on their creativity. 

Repeated answers would be deleted. When the creativity test had been explained, the 

participants proceeded to selecting their AUT objects. 

Test and practice objects: Unlike previous experiments the final AUT test object was not 
determined by the researcher. Here the participants were allowed to select between four 

objects (providing the basis for the manipulation of task constraint). The participants were 

told that it was important to select the object they liked best as it would probably affect 
their performance. During the practice AUT task, participants would use their two favorite 
objects, but they would have to choose between them to select their object for the test AUT 

test. Importantly participants were told that the answers during practice would carry over to 
the test trial.  

Selecting object for the test AUT test: To help participants select their test object they 

were first asked to imagine how easily they could come up with creative uses to each object. 

The participants rated four common household objects on a Likert scale from (1-9). The 

items were a balloon, a flowerpot, a towel and a drinking straw. All items were presented in 
red and of the same size on the computer screen. The participants then selected their two 

favorite objects for a practice AUT task. Afterwards, the two objects were then presented 
again, and all participants were asked to select the object they wanted to use for the test 

AUT task.  

1a and 2a High task constraints: When selecting the object to use in the test AUT test, 
participants in the high constraints condition were told that this choice was final. They were 

told to make sure that the choice was right for them as the decision could not be changed.  

1b and 2b Medium task constraints: Participants with medium task constraints were also 
required to select their test object, but were informed that if they changed their mind, they 

could easily switch to their other practice object. The experiment then proceeded to the AUT 

practice task.  

AUT practice task: During the practice all participants used both the test object and their 
practice object. Providing two alternate uses for each object. During the practice trial, 
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participants in the medium constraints condition still had the option open to change their 

practice object to the test object “if needed”.  

1a and 1b Incubation period. The choice reaction task was interpolated at this point if the 
incubation manipulation applied. Half of the participants in the incubation condition had 

made their final decision on the test object (high constraints). The other half (medium 

constraints) had decided but still had the option to change their choice. 2b When an 
incubation period was not included participants proceeded to opening the AUT test trial 

immediately after the practice trial.   

Task constraints - all decisions finalized: When the AUT test trial was opened both objects 
were visible on the screen with their choice clearly indicated. Text appeared on the screen 

reminding participants of their choice: “you chose a balloon and not the flowerpot”.  

1b in the medium constraints condition, the images were buttons with the text “click on 
the object you want to use on your creativity test”. This allowed participants to change their 

mind before starting the task by clicking on the object they wanted to use. If nothing was 

changed, the participants would proceed to the AUT test using the object they originally 
selected by default.  

1a in the high constraints condition participants could only see the images and text 

reminding them of their choice. 

The AUT test trial: The AUT test trial was 8 minutes and during the trial the test object 
and instructions were visible on the computer screen. Text instructed participants to be as 

creative as possible, but to come up with at least 16 answers. Participants would respond 
with one answer at a time, typing each one in a text window, and then clicking on “next” to 

provide more answers. There was no go back option, so the participants could not see their 

previous responses. After 8 minutes the AUT test task ended, and participants rated their 

performance 

Self-rating: Participants estimated how well they did on the task and how creative their 
answers had been by answering three questions: The first question was a general rating of 

performance and the participants were asked to rate their agreement to the statement, “I 
did well on the creativity test”. The second and third questions were dependent on the 

object. For example, if a balloon was selected the questions were “I discovered a very 

creative way to use a balloon” and “I easily found 16 alternate uses for a balloon” 
respectively. Answers were on a scale of 1–9 (highly disagree – highly agree). After the rating 

the participants were thanked for their participation.  

Debriefing: The participants moved to a meeting room where the experiment was 

explained, and refreshments provided.  
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4.4 Materials  
Lab setup: The experiment took place in an IT classroom containing 22 near identical campus 
computers. The classroom was prepared as a test classroom and participants could only see 

their own screen. 

Computer software: Gorilla Experiment Builder was used to create and host this 
experiment (Anwyl-Irvine, Massonnié, Flitton, Kirkham, & Evershed, 2020). The computers 

used the Windows 10 operating system, and the experiment ran on a Chrome browser. 

Questionnaire: At the beginning of the experiment a short four item questionnaire 
collected demographic information: age, gender, education what course of study they 

majored in.  

Interpolated task: The choice reaction task was adapted from Baird et, al (2012) as this is 

a cognitively undemanding task that has demonstrated high levels of mind wandering 
(Smallwood & Schooler, 2015).  

Alternate uses tasks: (Dodds et al., 2012; Torrance & Haensly, 2003) Participants were 
instructed to respond with as many creative uses as possible requiring a minimum of 16 
alternate uses for the target object. (Runco et al., 2010). 

Self-rated performance: Participants estimated on a 9-point Likert scale how they had 
performed on the AUT trials.  

4.5 Data preparation 
The analysis will test how creativity is affected by task constraints and incubation periods. 

This is measured with the top three index, assessing creative originality with the three best 
creative ideas from each participant. Creative productivity was also measured to assess how 

well participants had followed the instructions during the AUT trials.  

Preparing responses for rating: The participants generated 1063 responses. All responses 
were coded, pooled and sorted by test object. The responses for each test object were 

sorted alphabetically. Resulting in four alphabetically organized lists of responses, one for 
each test object (balloon, drinking straw, flowerpot and towel). Grammar and spelling 

mistakes were corrected before the responses were handed over for rating (Benedek et al., 

2013; Silvia, 2011). 

Dependent variable 1, Creativity:  Was assessed with subjective top three scoring which 

forms a top three index. Subjective top scoring recommends that participants themselves 

select their top ideas. This is easily implemented when paper and pencil tests are used. 

However, this experiment used the Gorilla experiment builder, a powerful tool used to 
program the experiment. The Gorilla experiment builder does not have a simple way for 
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participants to review and select their submitted answers. We therefore asked a teacher to 

select the top three responses for each participant creating the top three index. Later three 
different independent raters scored the top three responses for all participants.  

Independent raters: Five teachers served as raters and assessed responses in this 

experiment. The teachers were trained by explaining the requirements of novelty and 

appropriateness of a creative solution. As stated above one teacher only selected the top 
three ideas for all participants. The other four scored the responses on a 5-point Likert scale. 

Creative responses were defined as extremely rare so the rating of 5 should be used 

sparingly and only for extremely creative responses. Three independent raters scored the 
responses on the top three index. One rater scored all responses giving each participant a 

test score assessing creative productivity.   

Forming the top three index: The response lists that had been previously sorted by test 

object were now also organized by participant. The selection of the top three responses 
were blinded to the experimental conditions of each participant. So, the teacher rating the 

responses could only see what object had been used with an alphabetically organized list of 

alternate uses. 

Scoring the top three index: Three answers from each of the 65 participants produced a 

list of 195 responses. The responses were pooled and organized alphabetically by test 
object. Three new independent raters scored all 195 responses on the scale of 1 (not 
creative)-5 (extremely creative). 

Creative productivity: One rater scored all responses in the experiment. All repeated 
responses were removed so that each response only appeared once. This ensured that 
participants that had generated the same responses would get the same score. This left 980 

responses to rate for the scoring of creative productivity. The rater received four 

alphabetically organized lists with responses for each test object. Each response of the 980 
responses were scored on a scale from 1 (not creative) – 5 (extremely creative). Due to how 

labor intensive this work I was unable to recruit more than one teacher for this part of 

scoring. Therefore, this score does not meet the requirements of the CAT (Amabile, 1982; 
Benedek et al., 2013; Madjar & Shalley, 2008; Silvia, 2011). 

Creative fluency: Was scored by counting each unique response from each participant. 

(Torrance & Haensly, 2003)  

Mean item creativity: To assess the mean item creativity the creative productivity was 
divided with creative fluency.  
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4.6 ANOVA assumptions and analysis of measures 
The top three index was used as a measure of creative originality dependent variable 1. The 
interrater reliability between the three judges in this study was high, ICC = .840 with a 95% 

confidence interval of (0.759- 0.897). This is above the required ICC of 0.8 that is needed to 

be considered a valid measure (Benedek et al., 2013; Silvia, 2011). A residual analysis 
revealed that the data was normally distributed in all groups assessed by Shapiro-Wilk's test, 

p < .05. An inspection of a boxplot revealed four outliers, three with a high score and one 

with a low score. All outliers were in the no incubation condition. As this is an assessment on 
creativity “extraordinary results” are to be expected. The outliers were therefore not 

removed from the dataset.  

Creative productivity was used to assess how well the participants were able to follow 

the instructions, this is the second dependent variable. A residual analysis using Shapiro-
Wilk's normality test for each cell of the design, data was normally distributed in all groups 

(p < 0.05). Three outliers were found via an inspection of a boxplot. These responses were 

from different individuals than those who were outliers on the top three measure. After 
confirming that data for these participants had been recorded correctly, their data was kept 

in the data set.  

Correlations of creativity measures. The two creativity measures should assess the 
different aspects of creativity. The correlations between the two measures should therefore 

be low. The top three index is used to assess creative originality that relies more heavily on 
spontaneous processing. Creative productivity relies more on conscious thought, allowing 

participants to strategize and follow through with the task. As expected, correlation between 
creativity and creative performance were low and not significant (see Table 1).  

Table 2. Correlations between measures of creativity. 

   
 Creativity measure M SD n Min Max 1. 2. 3. 4. 

1. Creativity score  2.632 0.554 65 1.56 4.11 1 
   

2. Creative productivity 46.12 15.03 65 14 85 .135 1 
  

3. Fluency 15.077 4.648 65 6 27 -.111 .858** 1 
 

4. Mean item creativity 3.77 0.522 65 1.33 4.00 .516** .394** -.115 1 

Note: *The correlations are significant p < 0.05; **The correlations are significant p < 0.01.    
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5 Results  

5.1 Hypothesis 1-3: Effects of incubation and task constraints on creativity 
The two-way ANOVA revealed a significant difference in creativity between groups F (3, 61) = 

5.713, p = 0.002, η2 = 0.219. Further inspection revealed that both task constraints and 

incubation periods significantly impacted creativity, measured by the top three index. 
Creativity scores where significantly higher when the AUT task had high constraints as 

compared to medium, F(1,61) = 9.559 p = 0.003, η2 = 0.135. When an incubation period was 

included creativity scores were also higher, F(1,61) = 4.116 p= 0.047, η2 = 0.063. Thus, there 
was a main effect of both independent variables. 

 Hypothesis 1: When provided with a highly constrained task, an incubation period will 
improve creativity as compared with not having an incubation period.  

The scores in the high constraints condition were ranged from 1.56 – 4.11 (M =2.82; SD = 
0.58). Scores between groups on the creative originality measure are seen on table 3. When 

an incubation period was included creativity, scores were significantly higher as compared to 
a highly constrained task without an incubation period (M = 0.47; SD = 0.18). A post hoc test 

with Bonferroni adjustments revealed a statistically significant difference F(1,61) = 7.216, p = 

0.009, η2 = .106.  

Hypothesis 1 is confirmed. Incubation is beneficial to a highly constrained task. 

 

Table 3. Means and standard deviations of creative originality by group 

        95% confidence interval 
    N M SD Lower Upper 
High constraints      

 Incubation 17 3.05 0.6 2.809 3.295 

 No incubation 16 2.58 0.52 2.333 2.834 
Medium constraints      

 Incubation 17 2.45 0.4 2.208 2.694 
  No incubation 15 2.41 0.49 2.156 2.674 

 

Hypothesis 2: Providing an incubation period to a less constrained task will not be as 
beneficial as compared to providing an incubation period to a highly constrained task  

Now creativity scores were only compared in the incubation groups as seen on table 3 

creativity scores were higher when an incubation period was provided to a highly 
constrained task. An incubation period was much less beneficial If the creative task had 

medium constraints (M= - 0.61, SD = 1.7) .Pairwise comparisons on a post hoc test with 
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Bonferroni adjustments reveal a statistically significant difference F(1,61) = 12.235, p < .01, 

η2 = .167. This is an important difference as the creativity scores in the incubation groups 
ranged from 1.89 - 4.11 with a mean of M =2.75; SD=0.59.  

Hypothesis 2 is also confirmed. Incubation periods are less beneficial to tasks with 

medium constraints.  

Hypothesis 3: There is an interaction effect between task constraints and incubation 
periods. This interaction leads to more creativity when an incubation period is implemented 

but only when the AUT task has high constraints.  

The interaction effect between incubation and constraints on creativity was not 
statistically significant, F(1, 61) =3.021, p=0.089, η2=0.047. The range of scores on the top 

three index were 1.56 - 4.11 and there was homogeneity of variances (p = .463) assessed by 

Levine’s test. It is possible that the effects of task constraints on creativity are simply 
additive, where high task constraints are beneficial, and an incubation period even more so. 

It is however more likely that an interaction effect between the two variables does exist, but 

the power of the test is too low to catch the effect. The observed power of this test was only 
.40 so an interaction effect between task constraints and incubation would need to be 
explored with a bigger sample of people.  

Hypothesis 3: An interaction effect between task constraints and incubation cannot be 
confirmed p= 0.089. 

 

 
Figure 2. Mean scores on the top three index by group.  
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Figure 2 plots the effects of both task constraints and incubation on creativity. As 

expected, the group with high constraints and an incubation period generated more creative 
responses than all other groups. This further supports our first research question: high task 

constraints are beneficial to incubation. That is, incubation is beneficial to creativity but only 

when a task is highly constrained. The combination of high task constraints and an 

incubation period was the only combination of variables that significantly impacted the 
originality of creative ideas. The other three groups all performed similarly and significantly 

worse than the group with high task constraints and were provided with an incubation 

period.  

5.2 Hypotheses 4 and 5: Effects of incubation and task constraints on 
creative productivity 
High creative productivity indicates that the participants were able to follow the test 

instructions of finding as many creative alternate uses as they could. The results show that 

incubation and task constraints affected creative productivity on the AUT task, F(3, 61) = 
3.575, p = 0.019, η2=0.15, but there was no interaction effect, (p > 0.05). The range of scores 

was 14 - 85 on the creative productivity measure (M = 46, SD = 15) and there was 

homogeneity of variances (p = .864) assessed by Levine’s test. 

As seen on table 4 when performance was assessed with creative productivity, an 

incubation period may negatively impact creative productivity scores. Participants that 
experienced an incubation period generated lower scores on creative productivity than 

participants with no incubation period (M = -6.954, SD = 3.528).This difference was only 
marginally significant after Bonferroni adjustments F(1, 61) = 3.886, p = 0.053, η2= 0.06. 

These results contrast with the positive effect of incubation on creativity scores and indicate 

that even when incubation periods result in more original creative ideas, they may 

negatively affect productivity. Demonstrating the importance of clarifying creativity will be 

assessed and defined in experiments on creativity.  

Table 4. Means and standard deviations of groups on the creative productivity measure. 

        95% confidence interval 
    N M SD Lower Upper 
High constraints      

 Incubation 17.0 48.5 3.4 41.6 55.4 

 No incubation 16.0 52.4 3.6 45.3 59.4 
Medium constraints      

 Incubation 17.0 37.0 3.4 30.1 43.9 
  No incubation 15.0 47.0 3.7 39.7 54.3 
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Hypothesis 4: Medium task constraints will lead to a lower score on creative 

productivity in comparison to high task constraints. 

As expected, creative productivity scores were significantly lower on AUT tasks with 
medium constraints (M = 42; SD = 2.52) than with high constraints (M = 50; SD =2,47 ). There 

was a significant difference between high and medium task constraints F(1, 61) = 5.783 p = 

0.019, η2= 0.087. Being allowed to change the object choice for the AUT test task negatively 
impacted creative productivity (M= 8.483; SD = 3.528). Creative productivity scores ranged 

from 14 - 85 points, so this is an important difference  

Hypothesis 4 is confirmed: Medium constraints negatively impact creative productivity.

  
Figure 3: Mean scores of creative productivity scores by groups.  

Hypothesis 5: When a task has medium constraints an incubation period will negatively 
impact creative productivity in comparison no incubation period.  

To test if an incubation period enhances the negative impact a changeable task has on 
creative productivity, the groups with medium constraints were compared. That is the, no 

incubation x medium constraints and incubation x medium constraints. Creative productivity 

scores for these two groups ranged from 14 -75 with a mean 41.69 (SD = 2.71). Participants 
working on a task with medium constraints that also experienced an incubation period 

scored lower (M = 37; SD = 3.4) than participants without an incubation period (M = 47; 
SD=3.7), but this difference was only marginally significant after Bonferroni adjustments 
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(F(1,61)=3.951, p=0.051, η2=0.061). Here incubation may have amplified the negative effect 

lower task constraints have on creative productivity, but this effect needs further study.  

Hypothesis 5: Cannot be confirmed as the difference is just under the level of 
significance (p = 0.051). These result suggest that incubation can negatively impact 

creative productivity but do require further study. 

Lastly the groups that experienced an incubation period were compared. As stated above 
an incubation period may have impaired creative productivity (p = 0.053). The two groups 

with an incubation period, were compared by high and medium task constraints. The score 

on creative productivity in the incubation condition had a mean of 42.76 (SD = 2.45) and 

ranged from 19-71 points. Here participants that worked on an AUT with medium 

constraints performed much worse (M = 37; SD = 3.4) than participants that worked on a 

AUT with high constraints (M = 48; SD = 3.4). The mean difference was 11.529, SD= 4.871 

and significant F(1,61) = 5.603, p = 0.021, η2= 0.084. Taken together these results indicate 
that when performance was measured by creative productivity, including an incubation 

period may negatively impact performance in particular when the task also has medium 

constraints.  

Research question 4 and 5 is partially answered. As expected, medium task constraints 

negatively impacted creative productivity. An incubation period may increase the negative 
impact a changeable task has on creative productivity. When performance on the AUT task 
was assessed with creative productivity, participants in the incubation condition that worked 

on a changeable task, produced the lowest scores on creative productivity.  

5.3 Self-rated performance 
Participants rated their performance at the end of the experiment. These ratings were 

compared to the rating on the creativity and creative productivity. Correlational is shown in 
table 5, this data indicates that participants that received a high score on creative 

productivity were more likely to report that they did well on the test and believed that they 

had reported a creative solution. However, creativity scores on the top three index did not 
correlate with any of the performance measures. It therefore seems that the participants 

that demonstrated more creativity, did not see themselves as more creative.  
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Table 5: Pearson correlations between measures of creativity and test scores with 
reported performance of the participants. 

 Measures 
Perceived 
creativity 

Perceived test 
performance 

Perceived fluency  

Creativity, top three index 0.065 0.031 - 0.082 

Creative productivity   0.374** 0.385** 0.327** 

Creative fluency  0.378** 0.414** 0.378** 

Note: **p < 001 

At the end of the experiment participants rated how well they had performed on the 

test. In the experiment participants were explicitly told that this was a test of creativity and 

that having many creative ideas would lead to a higher score on the test. Participants that 
did get a high score on the top three index and therefore produced the most creative idea 

were not more likely than other participants to agree with the statement “I found at least 

one very creative use for [the object] on the creativity test”. Interestingly the highest 
correlations were found between perceived ratings of creativity and creative fluency. 
Indicating that when participants generate many answers, they believe that they are creative 

and have performed well.  
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6 Discussion 

The purpose of this experiment was to investigate whether the effects of incubation periods 
are dependent on having highly constrained tasks. The results show that incubation periods 

do lead to better creative solutions, measured with the top three index, when the creative 

task is highly constrained. When task constraints are slightly reduced then participants will 
generate fewer creative solutions. Incubation periods combined with a high constrained 

creative task clearly resulted in more original creative ideas.  

High task constraints improved creative performance on both measures, top three index 

and creative productivity. An interaction effect between incubation and constraints was not 
confirmed on either measure. However high task constraints do seem to have an additive 

effect on incubation gains resulting in more creative ideas. Interestingly, the incubation 

period that allowed participants to generate more creative solutions may have reduced 
creative productivity. The creative productivity measure relies highly on how many ideas 

were generated, so it is likely that the participants that generated very original ideas, did not 

necessarily generate many ideas, and the lack of correlation between the two dependent 
measures of creativity supports this idea.  

6.1 Effects of incubation and task constraints on creative originality. 
Incubation is a type of productive mind wandering, an active cognitive process of 
spontaneous thought, that is highly context dependent (Christoff et al., 2018). The context 

needed to generate more creative solutions is a clearly defined creative task for the mind to 
work on during incubation. Providing a constrained creative task does allow cognitive 
processes to start compiling a solution during an incubation period. Constraints that are set 

before the incubation period appear to limit mind wandering in a deliberate but helpful way 

that allows spontaneous processing during incubation.  

Creative originality was measured with the three best ideas from each participant. 

defined as the most original yet appropriate responses. Incubation periods resulted in more 

original ideas overall, but in combination with a highly constrained task, incubation gains 

were even more pronounced. In fact, the ideas that were generated with highly constrained 

unchangeable AUT tasks after an incubation period were more creative than the ideas from 

all other groups. All other combinations of task constraints and incubation resulted in 
significantly lower measures of creative originality.  

When the incubation groups were compared, here the group with a changeable task 

generated less original ideas than the group with an unchangeable task. Remember that 
both these groups selected their test object “flowerpot” and practice object “balloon”. But 
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one group was told that they could change the task “if needed” before opening the test. 

Some of this effect may be due to better processing of the AUT during the preparation 
period. However, without an incubation period the difference between groups with high and 

medium constraints were low and not significant. So, it is unlikely that the difference 

between the high and medium constraints incubation groups is only the result of better 

processing during preparation.  

It is possible that better preparation that focused attention to one task led to an even 

better incubation period.  This would require further research adding another experimental 

group that makes an unchangeable choice after the preparation period but before the 
incubation period.  

Taken together, the results suggest that an incubation period will only be beneficial to 

creativity when a task is deliberately and consciously constrained. The conscious processing 

of a specific task will allow the mind to continue working on the problem “while doing other 
things”. The possibility of switching tasks adds uncertainty to the creative problem that is 

not beneficial to creative incubation. When a task has medium constraints, spontaneous 

processing will automatically constrain the task in an unproductive way. This slight 
uncertainty in tasks inhibit incubation and direct mind wandering towards unproductive 

thoughts instead of creative solutions.    

6.2 The effects of task constraints and incubation on creative productivity.   
Creative productivity measures how well participants were able to follow the instructions 
and relies highly on cognitive control. Creative productivity scores improve with many fine 

ideas; but does not necessarily distinguish between great ideas. The top three index 
identifies in what group the outstanding ideas were found (in the high constraints x 

incubation condition). Interestingly, when performance was measured with creative 

productivity, incubation may have impaired performance.  

Highly constrained unchangeable tasks improved creative productivity just as when 

creativity was measured by the top three index. However, having a changeable task had a 
striking negative effect on creative productivity, and an incubation period seemed to have 

magnify this negative effect. When measured with creative productivity the group with 

medium constraints x incubation period performed much worse than all other groups. Here 
the three other groups, with differing combinations of task constraints and incubation all 

performed very similarly and significantly better than the medium constraints x incubation 

group. 

The differing effects of incubation periods on the two measures of creative performance 
are interesting, but perhaps not surprising. The two measures were selected for this 
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experiment because they seem to measure different aspects of creativity. This means that 

they measure different cognitive processes needed to generate creative solutions. 
Spontaneous processing during incubation would result in more original ideas leading to 

higher measures on the top three index.  

Creative productivity, measures how well participants did while working on the task, not 

how they processed the task “while doing other things”. Creative productivity relies on 
cognitive control, an incubation period that allows spontaneous processing was not 

beneficial to this measure. Varying task constraints therefore affect spontaneous processing 

differently during incubation periods. Where a highly constrained task creates context that 
allows spontaneous processing to work towards finding more original creative solutions. The 

added processing needed to “decide not to switch” may have used processing space needed 

for solving the creative task.  

High task constraints were beneficial to creative productivity, that relies on cognitive 
control. Incubation periods  may simply have distracted participants working on the task, 

decreasing productivity. When the task was less constrained, the incubation period just 

made a difficult task more difficult and did not lead to more original ideas. When the task 
had high constraints the incubation period slightly lessened creative productivity but allowed 

more original ideas to be generated   

6.3 Interplay between incubation and task constraints   
Incubation periods amplified both the positive effect a task with high constraints had on 
originality, and the negative effect a less constrained task had on productivity. Participants 

with high task constraints during an incubation period generated more original creative 
solutions and outperformed all other groups on the top three index. In contrast participants 

with medium task constraints during incubation performed much worse than all other 

groups on the measure of creative productivity.  

High task constraints that make the selection of an object to use in the AUT tasks 

unchangeable allow participants to optimize their creative performance. High task 
constraints are beneficial to creative productivity, and when an incubation period is 

implemented more original creative solutions are generated. Medium task constraints allow 

participants to change their choice may allow more creative freedom but uses more 
cognitive processing to make a choice. Therefore, more cognitive processing goes toward 

contemplating choice instead of producing new and varied solutions. Impairing creative 

productivity and interrupting the generation of original ideas during the incubation period.  

Incubation is an active cognitive process with limited resources and if a task is undefined 
cognitive processing will work on defining the task, and not solving the task. Creative tasks 
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should therefore be clearly defined and explicit if incubation is intended to benefit creativity. 

If incubation is applied to benefit creativity it is important to identify when original solutions 
are needed. A teacher may want to use incubation to develop an original project, then the 

students should use the process to solve the project.  

Here it is important to keep in mind that sometimes defining the problem is the most 

important part of creative work. Selecting and defining projects that motivate people are 
extremely important to produce highly original work. It may be worth some agonizing about 

decisions in personally important creative work. But worrying about decisions should not be 

required in all creative work. Incubation periods are could be when  defining a problem 
requires original work. Then defining the problem is a creative task on its own and should be 

regarded as such.   

Some decisions are trivial and should not require much contemplation. Creative 

originality will benefit from spontaneous processing during incubation when a task is clear. 
Trivial decisions use spontaneous processing needed for incubation. So, if incubation is to be 

purposefully applied in creative projects, being clear of goals and tasks are extremely 

important. 

6.4 Self-rated performance 
Measure of attitudes towards test performance revealed that participants that received high 

test scores, believed that they did well on the test. They were also more likely to report that 

they had discovered a creative solution. In contrast, participants that scored highly on the 
creativity measure, did not necessarily report that they had discovered creative solutions or 

that they had done well on the test. This indicates that the participants with highly original 
ideas do not always realize that their ideas are good. Test scores more accurately reflect 

how participants monitored their performance. High constraints did affect creative 

productivity in a meaningful way. High task constraints were also highly beneficial to 

participants that experienced an incubation period, resulting in more original ideas. 

Participants that responded with many ideas gave their own performance better rating on all 

measures of creative performance. They believed they had done well on the test and had 

found at least one very creative solution. Interestingly participants that had responded with 

the most creative responses, assessed with the top three index, were not more likely to 

believe that they had responded with a creative solution. High task constraints should 

therefore be recommended when implementing creative projects. Incubation periods should 

only be implemented when original work is required and feedback on the solutions will be 

offered. Without feedback on original ideas, it is very difficult for people to know how they 
are progressing.  
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7 Conclusions  

Goals, motivation and choices are an important part of education but the interplay between 
them is complex. Being allowed to change tasks may seem like something people would 

prefer as a sudden spark of insight might occur during an incubation period (Gilbert & Ebert, 

2002). Changeability allows participants to try things out during the preparation period and 
to make sure the choice is right for them. Then during the incubation period, they might get 

a sudden spark of insight about the other task and then they could easily change tasks. 

However, the results here show that increased choice also requires more processing that 

leads to worse performance on creative tasks. More choice reduced incubation gains that 

allowed participants with unchangeable tasks to generate more original creative solutions.  

The purpose of this experiment was to determine how sensitive incubation is to task 

constraints. As there is a distinct difference between constrained experimental creative tasks 
and the open applied creative tasks, I wanted to see if constraints would affect incubation. I 

expected that incubation gains in previous experiments could be explained in part by the 

highly constrained tasks in these experiment.  When designing the experiment, I intended to 
decrease the constraints minimally just enough to get an effect. The experimental conditions 

were still highly controlled, and less constrained tasks were still much more constrained than 

applied creative tasks.  

The results suggest that the high task constraints may clarify the goal and give the 
wandering thoughts a “destination” to drift to during incubation. Leading to greater 

incubation gains only in the high constraints condition. Better processing during preparation 
might “push” the wandering thought in the right direction improving spontaneous 
processing during an incubation period. Further research is needed to assess what can be 

attributed to better cognitive processing during preparation, and spontaneous processing 

alone. This could be done by adding an experimental group that permanently selects a task 
after preparation but before incubation.  

This experiment was mainly to inspect the effects of task constraints on incubation and 
creativity. However, the main effects of task constraints on both measures of creativity are 

much more pronounced than expected and cannot be overlooked. Choices can be allowed in 

tasks using incubation to advance creativity, but only if the choice deliberately and 

consciously constrained before the incubation period starts. These results indicate that 

contrary to common belief creativity may sometimes benefit from more constraints. By 

consciously defining a creative project before an incubation period lets the mind wonder in a 

beneficial way for creativity.  
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