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ABSTRACT 

DO WORKING MEMORY CAPACITY AND COGNITIVE FLEXIBILITY PREDICT 

CREATIVE THINKING AND PRODUCTION? 

Ivonne Figueroa, PhD 

George Mason University, 2017 

Dissertation Director: Dr. James C Thompson 

 

Tests of divergent and convergent thinking are the most commonly used measures of 

creative potential, but less clear is whether divergent and convergent thinking predict 

creative production. Working memory capacity and cognitive flexibility are precursors to 

creative thought, but it remains unclear whether they predict creative production. The 

purpose of this dissertation was to uncover relationships between five constructs: 

working memory capacity, cognitive flexibility, divergent thinking, convergent thinking, 

and creative production. 214 participants were recruited from George Mason University’s 

psychology subject pool (SONA) and performed 15 cognitive and creative tasks. Path 

models were conducted in a structural equations modeling framework to help uncover 

any nuanced relationships between the constructs. Cognitive flexibility and working 

memory capacity were found to predict creative thinking processes, but not creative 

production. Creative thinking processes also did not predict creative production. 

Implications are discussed.  
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INTRODUCTION 

Creativity is defined as novel, useful and appropriate and is highly valued in our 

society (Sternberg & Lubart, 1999). However, creative insights are often considered 

serendipitous and creative individuals are considered rarities who possess an innate or 

even God-given ability. It was not until Guilford’s seminal speech for the American 

Psychological Association in 1950 that creativity became an emerging field of study that 

could be empirically tested. In his speech, Guilford encouraged researchers to explore 

how creative abilities differ from intellectual abilities with the goal of understanding how 

creativity could provide valuable insight about cognitive processes that were separate 

from intellectual ones. Importantly, researchers have since empirically tested various 

facets of creativity to uncover what abilities, traits, and skills contribute to creative 

achievements and what cognitive processes are involved in creative thought. In this 

dissertation, I aim to explore the relationships between cognitive abilities, creative 

thinking, and creative production. 

Executive functioning theories indicate that cognitive abilities are precursors to 

creative thought. While one cognitive ability, working memory, is already a predictor of 

performance (Lee & Therriault, 2013, Nusbaum & Silvia, 2011), less is known about 

whether cognitive flexibility predicts creative performance. In this dissertation, I explore 

whether working memory capacity and cognitive flexibility are precursors to creative 
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thinking and production, and subsequently if tests of divergent and convergent thinking 

predict creative production.   

Creative processes: Divergent thinking 
Tests of divergent and convergent thinking processes are used to predict creative 

behaviors and are the most commonly used assessments of creativity. Divergent and 

convergent thinking were once thought to predict separate mental processes— divergent 

was associated with creativity and convergent thinking with intelligence. Recent research 

finds that both styles of thinking uncover different facets of creative thought.   

The most ubiquitous measure of creativity is of divergent thinking (Sternberg & 

Lubart, 1999; Lee & Therriault, 2013). Divergent thinking is a creative thinking process 

that leads to the generation of a broad range of solutions to problems (Guilford, 1957). 

Tests of divergent thinking are open-ended and have no single correct answer allowing 

individuals to generate solutions freely and with few, if any, rules (Lee & Therriault, 

2013). They are typically paper and pencil tests and require participants to generate 

multiple uses for an object often with a designated time limit (e.g., “What are alternate 

usages for a brick?”).  

Tests of divergent thinking are often scored across three dimensions: fluency, 

flexibility, and originality (Guilford, 1957). Fluency is the total number of ideas that are 

generated, novelty is the number of original ideas, and flexibility is the number of 

conceptual categories that span the range of creative thoughts (Figueroa and Youmans, 

2013). These dimensions do not have to be orthogonal, for example, fluency is associated 

with novelty because novel ideas are more often found within a large quantity of ideas 
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(known as the serial order effect; Beaty & Silvia, 2012). Similarly, multiple categories 

(i.e., flexibility) increases the probability of generating more novel ideas. Thus, when 

there is increased fluency and flexibility, there is a higher likelihood of having more 

original ideas. While these scoring dimensions are the like the building blocks of 

objective measurement and provide researchers with rules of assessment, no specific 

guidelines indicate how to combine the three, or even if all three are required at all. 

Therefore, varying scoring metrics have been developed to assess creative performance.  

Objective scoring can reduce rater variability and bias, and generally makes scoring 

seemingly more scientific. Examples of objective scoring methods are weighting the 

sample’s responses (Wilson, Guillford, & Christensen, 1953), average scoring (Figueroa 

& Youmans, 2013), algorithms (Snyder, Mitchell, Bossomaier, & Pallier, 2004), and 

pooling the sample’s responses (Wallach and Kogan, 1965 as cited in Silvia, Winterstein, 

Willse, Barona, Cram, Hess, et al., 2008). In sample pooling, any unique idea an 

individual has relative to the entire sample receives a score of 1, and every other idea a 

score of 0. Figueroa and Youmans (2013) calculated an average score by tallying the total 

number of words in the sample and assigning each word a count, which represented the 

total number of times the word was generated in the sample (e.g., the word rain was 

generated 14 times). The counts were then summed, and divided by the total number of 

words per poem. Per this scoring system, lower scores were more creative indicating less 

frequently used words. Snyder, Mitchell, Bossomaier, and Pallier (2004) created a 

creativity quotient, which accounts for fluency and flexibility. Consider two participants 

in a sample, each with eight total ideas. Participant A has four ideas in two categories and 
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Participant B has eight ideas across four categories. Participant B will be assigned a 

larger (better) creativity quotient because those same number of ideas are spread across 

more categories.  

While tests of divergent thinking are widely utilized, two central problems have 

been identified—problems with objective scoring (Silvia et al., 2008) and the predictive 

validity of divergent thinking tests (Mumford, 2003; Silvia & Beaty, 2012). Recent 

literature indicates that in objective originality scoring fluency and creativity are inter-

related (known as the fluency confound), the appropriateness of the response is not 

accounted for, and larger sample sizes are penalized (Silvia et al., 2008). The fluency 

confound occurs because quantity and quality are inherently related. The more ideas that 

an individual has, the higher probability of original responses and in fact, researchers 

have found that later ideas tend to be more creative than earlier ones (Christensen, 

Guilford, & Wilson, 1957; Beatty & Silvia, 2012). Secondly, objective scoring does not 

account for the appropriateness of the response, which is problematic because creativity 

is defined as fitting the context. Instead, objective scoring often attributes originality to 

unusual or bizarre responses. Finally, the larger the sample size, creative responses are 

difficult to detect. That is, it is likely that more individuals will generate the same set of 

ideas in larger sample sizes. For these reasons, researchers are re-employing subjective 

scoring like the ‘Top 2’ method (Silvia et al., 2008), or ‘Snapshot’ scoring (Silvia, 

Martin, Nusbaum, 2009).   

The second problem with tests of divergent thinking, predictive validity, questions 

whether tests of divergent thinking identify creative individuals who actually make novel 
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and useful contributions in their daily life. In other words, are tests of divergent thinking 

artificial or predictive of creative achievements? Simonton (1999) states, “creativity in 

music, for example, is not going to be very predictable on the basis of how many uses 

one can imagine for a toothpick (pp. 314).” Few longitudinal studies have been 

conducted to test this notion. Torrance (1972) conducted a longitudinal study of high 

school students to determine whether the Torrance tests of creative thinking (TTCT) 

predicted creative achievements seven and twelve years after the tests were initially 

taken. Examples of creative achievements were poems, stories, books and songs, original 

research designs, and patented inventions. Scores were weighted quantitatively based on 

the number of achievements in each category (i.e., fluency), and the quality of each 

achievement was rated by a five judges on a ten-point scale. Differences between 

individuals identified as having low creative abilities and high creative abilities were 

most prominent after 12 years not seven years. It was reasoned that after seven years, 

individuals were still gaining life experiences that would result in creative achievements. 

Still, these results provide evidence that generalized tests may predict longer term 

creative achievements.  

While few longitudinal studies have shown that tests of divergent thinking can 

predict creative achievements (e.g., Torrance, 1972b; Baer, 2008), a vast majority of 

creativity research studies solely use divergent tests as indicators of creative potential and 

achievements. From a laboratory perspective, longitudinal studies are not pragmatic 

because predicting creative achievements is a lengthy process that is error prone and may 

have high rates of participant turnover (Silvia & Beaty, 2012; Simonton, 1997).  
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Conversely, tests of divergent thinking gain criticism for reducing or trivializing the vast 

complexity of creativity (Mumford, 2003, Sternberg & Lubart, 1999). Because creative 

achievements require participants to generate a creative product or output and are counted 

across their life span, achievements cannot be easily tested in the laboratory. Therefore, 

researchers use creative production tasks.  

Creative production tasks require the individual to generate a product in a 

laboratory setting. They are optimal because researchers do not necessarily have to 

account for varying degrees of knowledge and domain experience. That is, unlike 

assessing creative achievements in music, which requires knowledge of music, 

participants have equivalent domain experience in creative production tasks. In other 

words, whereas the quality of assessing creative achievements across individuals may be 

difficult because achievements occur across varying domains, creative production tasks 

assume that the participant sample has equivalent prior knowledge of the task. Examples 

of creative production tasks are generating metaphors (Silvia & Beaty, 2012), creating 

physical prototypes (Youmans, 2010) and writing Haiku poetry (Figueroa & Youmans, 

2013). In this dissertation, Haiku and metaphors are used at the creative production tasks. 

Creative writing tasks are optimal in a laboratory setting it is assumed that a participant 

sample in a university setting has similar domain experience for generating short poetry 

and metaphors.   

Creative processes: Convergent thinking 
Unlike divergent thinking, convergent thinking is a creative process that leads to a 

single, correct solution. There is less research about how convergent thinking relates to 
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creativity than there is of divergent thinking, primarily because convergent thinking was 

initially thought to be an intellectual ability and not a creative one (Guilford, 1957). 

Currently, researchers continue to explore how much overlap there is between creativity 

and intelligence (Sternberg & O’Hara, 1999), but recent evidence linking executive 

functioning as underlying both convergent and divergent thought (Lee & Therriault, 

2013) allows researchers to explore these two complimentary thought processes of 

creativity.  

There are two general tests that are used to measure convergent thinking: insight 

problems (e.g., Luchins, 1942; Kershaw & Olhsson, 2006; DeYoung, Flanders, & 

Peterson, 2008) and the remote association test (Mednick, 1962). Insight problems are ill-

defined meaning that a sequential, incremental process does not lead to the correct 

solution such as is the case in a well-defined problem like an algorithmic problem (Wiley 

& Jarosz, 2012). Rather, when an individual solves an insight problem, they reportedly 

experience an ‘aha’ moment—the sudden realization of the solution (Metcalfe & Weibe, 

1987; Weisberg, 2015; Kounios & Beeman, 2009). Insight problems are unique because 

individuals are unable to verbalize how they arrived at the solution and usually the 

individual has no indication about how close he or she is to solving the problem 

(Metcalfe & Weibe, 1987).  

Insight problems are also unique because the most obvious action is not often the 

correct solution (Kounios & Beeman, 2009). For example, in Maier’s 9-dot problem 

(Kershaw & Ohlsson, 2006), participants are tasked with connecting nine dots that are 

placed in a 3x3 ‘box’ with four straight lines. The obvious solution might be to connect 
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four lines around the perimeter of the box, but that attempt misses the center dot, which 

would not be connected to any lines. To solve the problem, individuals have to uncover 

that the solution requires that two of those lines must be drawn outside of the box.  

Although there are opposing theories that explain the processes leading to insight 

(c.f., Weisberg, 2015), insight problem solving has been commonly thought to have three 

distinct steps: 1) attempting multiple solutions and failing, 2) reaching an impasse, and 3) 

restructuring the problem to arrive at the correct solution (Ash & Wiley, 2006; Weisberg, 

2015). According to Kershaw & Ohlsson (2004), there are multiple factors that could 

influence the participants’ inability to arrive at insight. Factors like prior knowledge, or 

difficulty processing the problem can interfere with problem solution, so an individual is 

creative if he or she overcomes these factors and ultimately solves the problem. For that 

reason, insight problems are hard to solve, are prone to taking a long time to solve, and 

have a low success rate (e.g., the 9-dot problem has a 40% success rate; Kershaw & 

Ohlsson, 2006).  

The second type of convergent thinking test is the remote associations test (RAT). 

The RAT was created by Mednick (1962) to provide evidence for associative theory (see 

next section). The RAT was comprised of 30 trials that combined both solutions using 

compound words or semantically, and allowed for the measurement of creativity to be 

domain-free, meaning that no specific knowledge in any particular field was required to 

produce a solution (Mednick, 1962). In it, individuals are shown three words and must 

come up with a fourth word that the three preceding words have in common (typically to 

make a compound word). For example, the words blue, cake, and cottage, have the word 
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cheese in common: blue cheese, cheese cake, and cottage cheese. In this example a 

seemingly fitting word could be brush, but that only fits two of the words (i.e., paint and 

cat). The solution word can be matched by making a compound word (e.g., dollhouse) or 

semantically (e.g., house cat; Bowden & Jung-Beeman, 2003). Like classic insight 

problems, in the RAT, the obvious solution is not often correct, and individuals 

experience the ‘aha’ moment when arriving at the solution (Bowden & Jung-Beeman, 

2003). However, unlike classic insight problems, the RAT allows for more trials to be 

presented in a short period of time, and normative data has even been created based on 

the solution being solved in seven, 15, and 30 seconds (Bowden & Jung-Beeman, 2003).  

Insight problems and the RAT span a range of tests that can be used to measure 

convergent thinking processes, but these tests are hard and result in low success rates. 

Predictive validity is mixed and relatively little research has been done asserting whether 

tests of convergent thinking predict real-life creative behaviors and acheivements. In 

validation tests of the RAT, Mednick (1962) reports that teachers rated people they 

considered to not be very creative as dogmatic while those people they considered to be 

creative as flexible. Measures of academic success tend to be largely based on well-

defined, intellectual problems and not creative-based insight problems, so that may 

explain why the RAT was uncorrelated with academic success. More research should 

verify the RAT’s predictability utilizing creative production tasks. Beaty, Nusbaum & 

Silvia (2014) found that insight word problems were not associated with creative 

achievements as measured by the creative achievements questionnaire (CAQ). Yet 

originally, the CAQ predicted creative artistic ability via a collage task as judged by 
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expert raters (Carson, Peterson, & Higgins, 2005). Altogether, inclusion of insight 

problems and the RAT provide insight about convergent thinking processes there is a 

need for more comprehensive research to continue exploring the predictive validity of 

convergent thinking tests.   

 Tests of divergent thinking and convergent thinking demonstrate two facets of 

creative thinking. Divergent thinking is unbound by rules, is free-flowing, and is a 

process that depicts how creative individuals generate multiple ideas across dimensions 

like fluency, flexibility and originality. Convergent thinking is an inductive process 

where creative individuals must arrive at a singular correct solution by restructuring the 

problem to overcome an impasse. Researchers often utilize either tasks of divergent 

thinking or convergent thinking, which is problematic because consideration of both can 

uncover a more holistic view of creative performance. For this reason, both are included 

in this dissertation. A second reason for the inclusion of both tests of divergent and 

convergent thinking is that researchers often solely use tests of convergent or divergent 

thinking to predict creative potential. However, measures of actual creative achievements 

or production are not often employed. Yet, the evidence for the predictive validity of 

divergent and convergent thinking is mixed. Few studies have investigated if tests of 

divergent and convergent thinking predict creative production. Some reasons why these 

relationships have not been tested are that longitudinal studies of creative achievements 

are tedious, and surveys about past creative behaviors like the CAQ rely solely on the 

participant’s subjectivity and can be prone to errors in memory. Also required is the 

participant's’ perspective about how others view their level of creativity, which can also 
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be error prone. Therefore, in the present study, creative production tasks will be 

employed along with tests of creative thinking.  

Theoretical underpinnings of creativity  
Historically, associative theory (Mednick, 1962) has been ubiquitous for 

explaining underlying differences in divergent and convergent thinking (Lee & 

Therriault, 2013). According to associative theory, an individual restructures elements in 

his or her mind via the spread of activation, combining either proximal or distal elements. 

The ability to restructure can be predicted by an individual’s associative hierarchy 

(Mednick, 1962). Less creative individuals make associations with proximal or more 

stereotyped, common elements. That is, they make rapid associations towards stereotyped 

ideas but are less adept to make associations with distal elements. As a result, less 

creative individuals have ‘steep’ hierarchies. Once an association towards a proximal 

element is made, activation strength towards other elements is less. In an unusual uses 

task, less creative individuals might rapidly associate a use of brick to building a house—

a common usage.  Conversely, creative individuals have ‘flat’ associative hierarchies and 

are less prone to fixate on stereotyped responses thereby allowing remote associations to 

distal responses. In an unusual uses task, a distal response made by a creative individual 

might be to crumble up the brick and use in a fish tank.     

Associative theory provides an understanding about why some individuals are 

more creative than others, yet creativity is increasingly complex because multiple 

cognitive mechanisms can influence creative thought. Advancements in statistical 

modeling like latent variable analysis have sparked new theories of creative cognition 
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suggesting that the underlying cognitive processes that predict intellect may also predict 

creativity. As such, individual differences in creativity can be explained from an 

executive processes perspective (Beaty, Silvia, Nusbaum, Jank, Benedek, 2014). 

Researchers are thus finding that individual differences in executive functioning can 

further the understanding of individual differences in creativity beyond an associative 

basis (Benedek, Jauk, Fink, Koschutnig, Reishofer, Ebner, et al., 2014; Benedek & 

Neubauer, 2014).   

De Dreu, Baas, and Nijstad (2008) proposed a dual-pathway model where 

activating moods (e.g., elated, angry) either make individuals flexible or persistent on 

creative tasks. Other researchers argue that individuals able to focus, persist and switch 

between types of processing strategies are creative (Wiley & Jarosz, 2012). Zabelina and 

Robinson (2010) state that individuals with flexible cognitive control alternate between 

controlled and automatic processes that result in creative thought. What these studies 

have in common is that they identify persistence and strategy shifting as advantageous 

creative abilities. In this dissertation, we use working memory and cognitive flexibility. 

Working memory allows for persistent thinking, while cognitive flexibility allows for 

flexible thinking. However, little research has explored these relationships together. It is 

proposed that individual differences in cognitive flexibility and working memory 

capacity are precursors to creative thinking and creative production.  

 Working memory capacity. Working memory capacity (WMC) is the measure 

of an individual’s ability to maintain information in the short term while processing and 

manipulating new information from the environment (Oswald, McAbee, Redick & 
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Hambrick, 2014). An individual has a span of four items for a duration of twenty seconds 

meaning that about four items can be held in short-term memory while new information 

is processed. Working memory capacity is often used to predict successful performance 

on various tasks, including tasks that require focused attention like successive vigilance 

tasks (Caggiano & Parasuraman, 2004), and has been linked to the intelligence measure, 

g (Conway, Kane, & Engle, 2003). Individuals who have high working memory capacity 

are good at performing these types of tasks because they have larger span capacity (i.e., 

where more than four items are stored while new information in processed). High 

working memory capacity also results in the ability to tune out interference allowing for 

more focus on the primary task (Wiley & Jarosz, 2012).  

From an associative basis perspective, high WM span individuals have flat 

associative hierarchies because they inhibit proximal elements, which can serve as 

distractors, while simultaneously thinking of distal elements that ultimately result in 

novel ideas. As stated earlier, if later ideas tend to be more creative than earlier ones 

(Christensen, Guilford, & Wilson, 1957), high WM span individuals have the propensity 

to persist longer on tests of divergent thinking. In tests of convergent thinking, once a 

high WM span individual reaches an impasse, they may be able to restructure the 

problem while inhibiting factors like prior knowledge that tend to distract creative 

thought. As such, working memory has been previously shown as a precursor to creative 

thinking (De Dreu, Nijstad, Baas, Wolsink, & Roskes, 2012; Lee & Therriault, 2013).  

While working memory is indicative of persistent thinking, and is like the golden 

metric of executive functioning, there are many other cognitive abilities that encompass 
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executive functioning. Some researchers utilize broad retrieval ability (GR) and fluid 

intelligence tasks (GF; Beaty, Silvia, Nusbaum, Jauk, & Benedek, 2014; Silvia & Beaty, 

2012; Nusbaum & Silvia, 2011), yet others have linked executive functioning to 

executive switching or set-shifting (Nusbaum & Silvia, 2011). Dual pathway models 

suggest that creativity also requires flexible thinking so measures of set-shifting were 

sought to compliment working memory. Cognitive flexibility was reasoned to be an 

indicator of flexible thinking. 

 Neuroimaging studies have shown the role of the prefontal cortex in executive 

functioning (Dietrich, 2004). As such, measures of working memory have been validated 

and replicated extensively (e.g., Oswald, McAbee, Redick & Hambrick, 2014). Another 

measure commonly utilized to measure the prefontal cortex is the Wisconsin Card 

Sorting Test (WCST; Grant & Berg, 1948). Because the WSCT was first established to 

detect problems with an individual's general executive ability (i.e., frontal lobe damage), 

factors within the test uncover failures in focused attention, (i.e., ‘failure to break set’ 

measures loss of focus on the task), learning, and pertinent to this study, measures of 

cognitive inflexibility like ‘preseverative errors’ (Heaton, Chelune, Talley,  Kay, & 

Curtis, 1993).  

Cognitive flexibility. Cognitive flexibility (CF) is the mental ability to switch 

between cognitive strategies in the presence of environmentally changing stimuli (Scott, 

1962). Cognitive flexibility has previously been shown to predict successful performance 

in a variety of tasks, including creative ones. Highly flexible individuals more quickly 

detect subtle changes in change blindness tasks (Youmans, Figueroa, & Kramarova, 
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2011). Bilingual children have been found to be more cognitively flexible than 

monolinguals as evidenced by their ability to generate more pairs of nonexistent objects 

(Adi-Japha, Berberich-Artzi, & Libnawi, 2010). Pertinent to this study, individuals who 

exhibit high levels of cognitive flexibility as assessed by the WCST write more original 

Haiku compared to their low flexible counterparts (Figueroa & Youmans, 2013). Dual-

pathway models argue that one facet of creativity is a result of flexible thinking and 

executive switching has been found to mediate performance between fluid intelligence 

and creativity (Nusbaum & Silvia, 2011). While Nusbaum & Silvia (2011) assessed 

executive switching via scoring number of categories in a divergent thinking task, we 

propose that cognitive flexibility is a precursor to creative thinking and production 

similarly to WMC.   

From an associative basis perspective, high CF individuals are predicted to have 

flat associative hierarchies because of their tendency to abandon one strategy in favor of 

another allowing for common elements to be abandoned for associations to more distal 

elements that result in novel production. In divergent thinking tasks, flexibility manifests 

as the number of distinct categories. Because cognitive flexibility results in ‘breaking 

set,’  high CF individuals can create more categories in divergent thinking tasks. In tests 

of convergent thinking, once a high CF individual reaches an impasse, they may be able 

to restructure the problem while abandoning factors like prior knowledge that tend to 

interfere with creative thought. As such, we hypothesize that cognitive flexibility is a 

precursor to creative thinking and production. 
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Utilizing multiple measures of executive functioning like working memory and 

cognitive flexibility is important because each can contribute to variance in creative 

thinking and production. Little research has paired these two cognitive abilities together 

as predictors of creativity perhaps because researchers are still understanding the 

relationship between cognitive flexibility and working memory capacity itself. Some 

have found that there is some overlap between CF and WMC (Gonzalez, 2015), others 

that there is no relationship (Youmans, Figueroa & Kramarova, 2011). However, both 

working memory capacity and cognitive flexibility may underpin varying facets of 

creative thought.  Therefore, in this dissertation, working memory capacity and cognitive 

flexibility are predicted to be precursors to creative performance.  

The present study  
Creativity is a byproduct of a “common set” of cognitive mechanisms that any 

individual may possess (Sternberg & Lubart, 1999). As such, three general areas of 

research have emerged: 1) individual differences in cognitive abilities, 2) creative 

thinking processes, and 3) creative products. Each area provides insight about the 

complexity of creativity. In the present research, we explore nuanced relationships 

between five constructs that consider the three general areas of creativity:  individual 

differences in cognitive abilities (i.e., WMC and CF), divergent and convergent thinking, 

and creative production.  

I aimed to answer three research questions: 



 

 

17

 The first explores individual cognitive abilities and what, if any, contribution 

cognitive flexibility adds to the already existing literature that executive functions like 

working memory underlie creative thought.  

H1: It is expected that like working memory, cognitive flexibility is a precursor to 

creative thought.  

The second research question seeks to understand whether both creative thought 

processes predict creative production tasks. 

H2: It is expected that divergent and convergent thinking will predict creative 

production tasks.   

The third research question seeks to explore the overall relationship between cognitive 

abilities, creative thought processes and creative production (see Figure 1 for a model of 

creativity).   

H3: Person abilities (i.e., working memory capacity) and creative thought 

processes (e.g., divergent and convergent thinking) predict creative production. 
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Figure 1 Theoretical model of creative production.  

The solid line represents a hypothesized directional path, meaning that I expect predictive 

relationships (e.g., working memory capacity predicts divergent and convergent thinking). The 

dashed lines represent exploratory relationships (e.g., relationship between cognitive flexibility and 

creative production).   
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METHOD 

Participants 
Two hundred fourteen participants were recruited from George Mason 

University’s undergraduate psychology SONA systems. There were 148 females and 51 

males in the sample (15 which did not report their gender) with an average age of 21.51 

years old (SD=5.32; age range 18-64 years old). Ethnicities reported were 36% 

Caucasian, 11% African-American, 15% Latino, 17% Asian, 2% Middle Eastern, 19% 

other/did not report. Participants received two units of credit for their participation. Two 

participants were excluded completely from the analysis because of incomplete data— 

both participants were unable to finish the experiment and opted to receive partial credit. 

Therefore, 212 participants were included in the analysis.  

Materials 
Working Memory: Shortened RSPAN (10 minutes). In an abbreviated version of 

RSPAN (Oswald, et al., 2014) participants read short sentences approximately 13 words 

in length and determined whether the sentences were true or false (e.g., the sky is green 

should be reported as a false statement). The sentences served as distractors that 

prevented participants from rehearsing the letters and storing them into long-term 

memory. Following each sentence, a single letter was shown that was meant to be 

recalled at the end of the set. Set sizes ranged from three to seven trials for a total of 30 

trials. Task duration was approximately ten minutes. The goal of the task was to recall as 
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many letters at the end of each set.  

 Working Memory:Shortened OSPAN (10 minutes). In an abbreviated version of 

OSPAN (Oswald et al., 2014) participants judged whether simple arithmetic operations 

were true or false (e.g,.4 + 5 = 8; T/F). Following each operation, a single letter was 

shown that was meant to be recalled at the end of the set. The operations served as 

distractors to prevent participants from rehearsing the letters and storing them into long-

term memory. Set sizes ranged from three to seven trials for a total of 30 trials.  The goal 

of the task was to recall as many letters at the end of each set. The duration of OSPAN 

was approximately ten minutes. 

 Working Memory:N-back (3-back task; 3 minutes). In the 3-back task, participants 

were shown a sequence of 15 letters (A,B,C,D,E,H,I,K,L,M,O,P,R,S, and T) in 

randomized order that appeared one at a time. The goal of the task was for the participant 

to detect when the current letter matched the letter presented three trials ago.  Each letter 

was presented for a maximum of 2000ms, and the duration of the trial was 2500ms. 

Response times were recorded any time within 2500ms. If the participant did not 

respond, the trial was timed out. There were a total of twenty trials. Participants 

completed the task twice—the first round was used for practice.  

Cognitive flexibility: Wisconsin Card Sorting Test (WCST;7 minutes). The 

WCST requires a participant to sort through a deck of cards using three rules: color, 

shape, and number. Beginning with the first rule, participants must sort ten consecutive 

correct cards before the sorting rule is switched. After ten consecutive correct responses, 
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the rule for sorting is changed, and the number of perseverative errors indicate cognitive 

inflexibility. Perseverative errors are counted when the participant erroneously sorts cards 

by the previous, inactive rule. There are 60 cards (or trials) to sort to complete the task.    

Cognitive flexibility: Stroop (3 minutes). The Stroop test is a widely popularized 

measure in psychology that has been used to assess executive functioning like speed of 

processing, selective attention and cognitive flexibility. In the Stroop, reaction times are 

recorded for congruent and incongruent trials. In congruent occur when the color of the 

ink matches the color of the text (e.g., blue) versus incongruent conditions when the color 

of the ink does not match the color of the text (e.g., blue). Slower reaction times occur in 

incongruent trials because reading is an automatic process- the word is often read first 

prior to processing the color of the text. The measure of flexibility (Stroop effect) is the 

difference in reaction times between the congruent conditions versus the incongruent 

conditions.  

Cognitive flexibility: Youmans Cognitive Flexibility Assessment (YCFA; 7 

minutes). The YCFA was created based on preexisting measures of cognitive flexibility 

like the Wisconsin Card Sorting Test, which measure flexibility by alternating rules 

within the tasks (WCST; Figueroa & Youmans, 2011; Gonzalez, Figueroa, Rhodes, 

Bellows, Youmans, 2013). Yet, unlike the WCST or other measures of cognitive 

flexibility, the YCFA is goal-driven and game-like because it requires participants to 

travel through a challenging maze. Whereas in the Stroop or the WCST, task completion 

requires one singular objective with minimal or no feedback (running out of cards or 
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trials), the YCFA implements rules as strategies to advance to through the maze making 

the task more dynamic that preexisting assessments. In order to travel through the puzzle, 

participants alternate between matching puzzle tiles according to three rules: matches by 

shape, background color, or shape color. Each puzzle is made up of switch and nonswitch 

moves similarly to Stroop. In a nonswitch move, the participant moves according to the 

previous rule (e.g., shape to shape). In a switch move, a new rule is implemented and the 

participant abandons the previous rule (matches by shape) to the new rule (matches by 

shape color; see figure 2). Each puzzle contains 2, 4, 6, 8, 10, or 12 switch moves. The 

goal of the task is to travel through the puzzle as quickly as possible (with the assumption 

that switch moves take longer to process than nonswitch moves).  

 

Figure 2 Puzzle task. 

Screen shot of puzzle task showing examples of a switch and nonswitch move. A sequence of 

nonswitch moves are demonstrated in a, where three consecutive moves are made matching tiles by 

shape color (i.e., color pink). Point b signifies a switch move, where the rule changes from matches by 

shape color to matches by shape (i.e., octopus to octopus).  
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Divergent thinking: Unusual uses for a brick (3 minutes). Instructions were 

written on a sheet of paper and participants followed along as the researcher read the 

instructions aloud. The goal was to write down as many unusual uses for a brick as 

possible. Responses were written on a sheet of paper. Afterwards, participants circled 

their top two most creative responses.     

 Divergent thinking: Unusual instances of round things (3 minutes). ). Instructions 

were written on a sheet of paper and participants followed along as the researcher read 

the instructions aloud. Participants were given three minutes to come up with as many 

unusual instances of round things as possible. Responses were written on a sheet of 

paper. Afterwards, participants circled their top two most creative responses. (For 

instructions for both the instances and brick tasks see Silvia et al., 2008).  

Divergent thinking: Associative flexibility task (5 minutes). An association 

flexibility task requires participants to associate one word with the concept word and 

subsequently make other associations (e.g, summer: “beach, sand, castle, knight, horse, 

race, . . .” ). That is, “only the first association should relate to the presented concept, 

whereas all following associations had to relate to the respectively last associative 

response” (Benedek & Neubauer, 2012, pg. 275). Participants were shown the example 

above and completed four experimental trials using four concept words: butter, lamp, 

sour, and afraid. The task was presented in Microsoft Powerpoint and the list of responses 

were made on a sheet of paper where columns were labeled the name of the concept word 

(concept words were randomized). Participants were given one minute to perform the 

task per word for a total of four minutes. 
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Convergent thinking: Remote Associations Test (RAT; 10 minutes). In the 

RAT, three words were displayed and the participant was instructed to come up with a 

fourth word that the three preceding words have in common (typically to make a 

compound word). For example, the words cake, cottage, and blue have the word cheese 

in common: cheesecake, cottage cheese, and blue cheese. Participants read through an 

example and completed four practice trials, provided to ensure the participant’s 

understanding of the task. Once the practice was over, the researcher went over the 

practice responses silently. If any practice was missed, the researcher would help clarify 

any questions and provide the answer to the first practice problem. If participants got at 

least one practice problem correct, then they were assumed to understand the task and 

continued without researcher interference. There were a total of 30 experimental trials 

that automatically advanced after 15 seconds. The experimental trials were randomized 

using a ‘shuffle slides’ macro in Microsoft Powerpoint. Responses were recorded on a 

sheet of paper. If a response was not written down in 15 seconds, then that trial was 

assigned a score of 0. Convergent thinking: Insight word problems (10 minutes). 

Participants had eight minutes to complete four insight word problems (two minutes per 

problem). The word problems were presented in Microsoft Powerpoint and responses 

were written on paper. The screen automatically advanced after two minutes. An example 

of a word problem is,  

“A man in town married 20 women. He and the women are still alive and he has 

no divorces or annulments. He is not a bigamist (meaning that he is not legally 

married to more than one woman at once) and he broke no law. How is that 
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possible?”  Answer: He is a priest. (Beaty et al., 2014).  

Convergent thinking: Matchstick problem (10 minutes). Participants were 

presented with a mathematical operation on a sheet of paper that was made up of 

matchsticks written in Roman Numerals. The operation n read, “IV = III - I.” Instructions 

were given to form the correct operation by moving one matchstick only. There was only 

one correct solution (moving one matchstick that made up the equals sign to the other 

side- IV – III = 1). Time metrics and accuracy were recorded and a time limit of 10 

minutes was employed.       

Creative production: Metaphor (~15 minutes). Participants were prompted to 

write two metaphors each with no time limit (Silvia & Beaty, 2012). They were given a 

definition of a metaphor (i.e., “a figure of speech in which no word or phrase is applied to 

an object or action to which it is not literally applicable”), and were provided with three 

examples (See Appendix B). The first prompt instructed participants to create a metaphor 

about what it was like to sit through the most boring high-school or college class that they 

have ever had. The second to create a metaphor about the most disgusting thing that the 

participant ever ate or drank and what it was like to eat or drink it. Responses were 

recorded on a sheet of paper.      

Creative production: Haiku poetry. The Haiku poetry task required participants to 

write a poem about their favorite season. Participants were given specific instructions 

about how to write a Haiku poem, which included a brief description of Haiku poetry and 

the rules (e.g., three lines each with 5, 7, and 5 syllables). Responses were recorded on a 
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sheet on a paper and there was a five-minute time limit (that participants were unaware 

of; all participants wrote their Haiku poems in less than five minutes.) 

Mood rating. Six mood ratings were collected throughout the experiment (a pre-

mood rating and 5 subsequent ratings after each construct). Participants rated their mood 

on a scale of 1 – 5, where a rating of ‘1’ was good and a rating of ‘5’ was not good. This 

made it possible to control for order or construct effects for assurance that mood did not 

play a confounding role on performance. Two questions emerged: 1) Regardless of order, 

is mood affected depending on which set of tasks are being performed? 2) Regardless of 

construct, does time on the experiment (fatigue) affect mood?  

Scoring  
Prior to screening for normality, outliers, and missing data, scores were generated 

for the 15 tasks. 

WM. Tasks for WM were comprised of RSPAN, OSPAN and Nback (3-back). 

For the RSPAN/OPSAN tasks, a partial scoring method was employed out of a score of 

30 (Oswald et al., 2014). In partial scoring, any correct response is counted (as opposed 

to absolute scoring where scores are only counted for sets where all letters were recalled 

correctly). There were 30 total trials with set sizes ranging from 4 – 7 trials. For the 

Nback task, a total accuracy score was calculated out of 20 total trials. Trials where the 

participant did not respond within 2500ms were considered timed out trials and not 

retained.          

Cog_Inflex. The Stroop task was comprised of 40 total congruent and incongruent 

trials, which were presented in randomized order. Any trials where the participant did not 
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respond within 2500 seconds were consider timed out and were excluded. The Stroop 

effect was calculated by subtracting the average difference in reaction time between 

incongruent and congruent trials. A negative Stroop effect is indicative of performance 

being faster for incongruent than congruent trials. The WCST was comprised of 60 trials. 

Perseverative errors were calculated by counting the number to errors made when the 

participant sorted a card according to a previous sorting rule. In the YCFA, a weighted 

switchcost value (Gonzalez, 2015) was calculated ([(avgSwitch/avgNSwitch) * sqrt 

(avgNswitch)]). Because these tasks measure reaction time and errors, higher scores 

indicate lower performance (therefore the name of the measure is cognitive inflexibility).  

 DT. The brick and instances tasks were scored by three expert raters on a scale of 

1-5 where a rating of ‘1’ is not at all creative and a rating of ‘5’ is very creative. Raters 

were double blind to ideas not selected as the top 2 by the participant and to any 

identifying participant information. To reduce any additional potential biases, spelling 

errors were silently corrected and transcribed to make raters unaware of handwriting 

style. Raters judged the top 2 ideas only and were provided with a spread sheet 

containing an alphabetized list of 428 ideas (two per participant). Ideas where therefore 

presented out of participant order. Each participant received six ratings (i.e., two ideas by 

three raters), and after inter-rater reliability was performed (see next section), a final 

average rating score was calculated across the two ideas first, then across the three raters. 

During data collection, it became evident that some participants confused the the 

instructions “instances of round things” for “things that are around.” Eleven participant 

cases (or 22 ideas) were excluded thus from the analysis.     
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For the associative flexibility task, the number of total ideas was counted 

(fluency) and raters counted the number of categories (flexibility) per list of concept 

words. Therefore, four category counts were provided per participant (2568 total counts 

reported). The following list shows an example with the concept word of ‘summer.’  

Summer: “beach, sand, castle, knight, horse, race” 

Raters might decide that the list has two discriminable categories: a summer 

category (beach, sand, and castle) and a Medieval category (castle, knight, horse, race), 

but that was left to their discretion. After inter-rater reliability analysis were performed, a 

final average category score was calculated across the four concept words first, then 

across the three raters.  

CT. A total score was used for the RAT (out of 30) and for the insight problems 

(out of 4), which determined whether the participant got the answer correct or incorrect. 

Time in seconds and accuracy were used for the Matchstick problem. There were 58 

cases where the participant finished the task prior to the 10 minute maximum time 

allotted (600 seconds), but was not correct in solving the task. For those 58 cases, time in 

seconds was changed to reflect the 600 seconds maximum time limit as an indicator of 

failure to complete the matchstick task. 

CP. Raters judged the metaphor and Haiku poetry tasks on a scale of 1-5 where a 

rating of ‘1’ is not at all creative and a rating of ‘5’ is very creative.  

Procedure 

Upon providing informed consent, participants provided their first mood rating 
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and completed a series of pencil/paper and computerized tasks in counterbalanced and 

random order. Tasks were counterbalanced at the construct level (i.e., cognitive 

flexibility, working memory capacity, divergent, convergent, and creative production) but 

tasks within the constructs were randomized. There were a total of 120 combinations (5!), 

which made up the order for the first 120 participants. For the remaining 94 participants, 

the first 94 combinations were recycled. After each set of three tasks per construct, there 

was a ‘mood check,’ and participants rated their current mood. A demographics form was 

completed at the end of the experiment. The total duration of the experiment varied but 

ranged between 1 hour 30 minutes and two hours.   

Raters. Three graduate students receiving their MFA degree from the English 

Writing department served as raters and will be paid for their involvement in the study. 

They were blind to the participants’ demographic information and rate performance on 

the divergent thinking and creative production tasks independently. Based on their 

expertise and per the consensual assessment technique (CAT; Amabile, 1982) they rated 

each task on a scale of 1-5 where a rating of ‘1’ is not at all creative and a rating of ‘5’ is 

very creative. Inter-rater analysis was performed. (See figure 3 for a complete model that 

includes tasks per construct.) 
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Figure 3 Full model of creativity 

Full model of creativity with factors (tasks) that make up the latent constructs. 
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RESULTS 

Mood ratings 
 Because participants switched between 15 set of tasks in a two-hour period, mood 

ratings served as controls to assure that mood did not influence performance. Six ‘mood 

checks’ were recorded—a pre-mood rating and five subsequent ratings presented after 

each construct. Participants rated their mood on a scale of 1 – 5, where ‘1’ was good and 

‘5’ was not good. The decision to use mood ratings as a quality assurance metric was 

made because previous research suggests that mood can have an effect on creative 

performance—happy moods are associated with flexible thinking and angry moods with 

persistent thinking (DeDreu et al., 2008). Therefore, any differences could attribute good 

or poor performance to mood rather than the variables of interest.  

The first question addresses differences in mood between the constructs (i.e., 

regardless of order, is mood affected depending on which set of tasks are being 

performed?). A one-way ANOVA was conducted to test any differences in average mood 

ratings by construct. The dependent variable was average mood rating, and the 

independent variable was construct (with five levels to represent the constructs). No 

significant differences in average mood rating by construct were found (F (4,1049)= .79, 

p >.05; see Figure 4).  
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Figure 4 Mood by construct 

A bar graph displaying average mood ratings by construct. There were no differences in ratings 

between the constructs.       

The next question addresses differences in mood via fatigue or time on 

experiment (i.e., regardless of construct, does time on the experiment/fatigue affect 

mood?). A repeated measures ANOVA was conducted to test any differences in average 

mood ratings across time. The dependent variable was average mood rating, and the 

independent variable was ‘mood check point’ with six levels to represent a pre-mood 

check and five time periods. The assumption of Sphericity was violated so values 

reported are using a Greenhouse-Geisser correction. A significant difference was found 

(F(4.2,811.08)= 12.06, p < .01; see Figure 5) indicating that there were differences in 

average mood rating across check points. Simple contrasts (comparing all time points to 

the final mood check) revealed a significant difference between pre-mood rating and final 

mood rating only (F(1, 193) = 24.56, p < .01). There were no other significant 
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differences between mood checks one through 4 compared to the final mood rating.  

The results indicate that mood did not play a role on performance by construct, so 

any interpretation of the results will not be confounded by participants’ mood state. 

Although mood ratings were affected by time on experiment, the difference was only 

found between the pre-mood rating (before the start of the experiment) and final mood 

rating, meaning that there were no differences in mood once the experiment was 

underway. Considering the time duration of the experiment and the number of tasks that 

participants completed, a difference in pre-mood and final mood rating is not surprising. 

Because it was plausible that time on experiment (i.e., fatigue) could affect mood, all the 

tasks were counterbalanced and randomized by block. I proceed with interpretation of the 

results with no mention of mood again.    

 

Figure 5 Mood across time 

A line graph displays average mood ratings across time with a significant difference being 

reflected between the pre and final mood checks.  
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Inter-rater reliability  
 Three MFA creative writing graduate students were paid to judge six tasks for 

divergent thinking and creative production (brick, round, associative flexibility, Haiku, 

and metaphors 1 and 2). Raters went through three rounds of judgements and ultimately, 

a Delphi method was employed to encourage rater-agreement. Each rater received a 

spreadsheet in Google Drive, where six sheets contained data for the six tasks. Raters did 

not have access to each another’s judgments nor did they know who the other raters were. 

To further prevent any biases, raters were asked not to discuss their judgements with 

anybody. Creativity was judged based on three facets: uncommonness, remoteness, and 

cleverness (Silvia et al., 2008). Upon receipt of the spreadsheet, raters read through all of 

the responses per task first, then went back and provided ratings. This instruction gave 

raters an idea about the sample of responses prior to scoring. As a reminder, ratings were 

given on a scale of 1 – 5, where ‘1’ is not creative at all, and ‘5’ is very creative.  

For the associative flexibility task, raters counted the number of discriminable 

categories per each concept word. For example, a rater might say that there are two 

categories in this list, Summer: beach, sand, castle, knight, horse, race.  The first category 

might be ‘summer’ with ideas being: beach, sand, and castle. The second category might 

be Medieval times with ideas being: castle, knight, horse, and race. Importantly, the rater 

did not name the categories, but simply wrote the number of categories in each list.  

Round 1. For purposes of conducting a preliminary analysis of rater-agreement, 

raters received the data in ‘batches.’ In the first batch, judgements were provided for 104 

cases in Haiku, 105 cases in Metaphor 1, 60 cases in Metaphor 2, 206 data in the brick 
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task (2 ideas per participant), 204 data in the rounds things task (2 ideas per participant), 

and 296 in associative flexibility. ICC ratings are expected to be higher than .7 with .8 

ratings considered optimal. In the preliminary analysis, there was only rater-agreement 

for the associative flexibility task (ICC = .89). All other ICC values were less than .30. 

Ratings varied per rater, where Rater 1, who was the most conservative throughout the 

six tasks (MeanHaiku= 1.7), then Rater2 (MeanHaiku= 2.75), and Rater 3 (MHaiku = 3.68) 

who was the most liberal. Figure 6 depicts descriptive information, correlations and ICC 

ratings. 

 

Figure 6 First batch of ratings 

Preliminary analysis for the first batch of ratings. The top row shows ratings for Creative production 

tasks, and the bottom row shows ratings for the divergent thinking tasks.   
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Delphi method. Observations from the preliminary analysis made it clear that 

further guidance was needed to encourage rater-agreement. Therefore, a Delphi method 

was implemented (Dalkey & Helmer, 1962). Delphi method, first developed by the 

RAND corporation, is a structured technique where raters discuss their judgement criteria 

through a facilitator. In Delphi, multiple rounds are conducted until the raters reach a 

general consensus. During the rounds, raters’ complete questionnaires or provide 

opinions about their judgement criteria. Although in its initial form, face-to-face 

interaction was avoided, raters often meet in person to reduce the number of rounds 

needed to reach consensus. 

Due to practical constraints, a modified version of Delphi was adopted where two 

rounds of feedback were facilitated remotely. In the first round, raters independently 

generated their subjective judgment criteria for the Haiku, metaphor, brick and instances 

of round things tasks. (Because the ICC value for the associative flexibility task was 

acceptable in the first batch of ratings, it was not included in Delphi.) The facilitator then 

combined the responses and a summary of judgment criteria was sent to the raters, also 

independently. Table 1 shows the summary criteria. Five practice examples per task 

where included to be judged. As a control measure, the examples of Haiku and metaphors 

were selected from other research studies and common metaphors were used (e.g., 

Figueroa & Youmans, 2012). Examples of the brick and instances of round things tasks 

were selected from the set of responses in the data that had not been selected as the Top 2 

ideas by the participant. Because there were only five examples per task, correlations 

were used as a heuristic to determine agreement. This time, raters had high Haiku 
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agreement, but had poor agreement in the remaining three tasks. In fact, there were 

negative correlations in the brick task between all the raters. A final follow-up round of 

Delphi was conducted.  

Table 1 Summary Criteria- Delphi Round 1 

Haiku Metaphor Brick Instances  

High 

ratings  

Poems that used 

sophisticated diction, 

abstract language, 

followed form, unique 

and surprising detail 

(vivid). Follow 

uncommon, remote, 

clever factors. 

Illuminating one by calling 

attention to hidden features 

of the other, comparing one 

item to a completely 

different action, comparing 

the unusual and unexpected 

but still standing as strong 

apt comparisons. Following 

uncommon, remote, and 

clever factors.  

Removing the 

brick from 

expected context 

other than building 

material. 

Following 

uncommon, 

remote, and clever 

factors.  

Abstract, 

metaphorical, and 

original (following 

uncommon, remote, 

and clever factors). 

Unexpected and 

strange, or 

micro/macro 

(zooming in and out)  

Low 

ratings 

Given to obvious 

features of the 

weather, or using 

literal diction, cliché, 

or breaking form. 

Clichés, nonsensical, non 

metaphors,  

Ideas using a brick 

for it's obvious 

function (building 

material) and 

nonsensical 

responses. 

Familiar expected 

and vague. 

Literal, obvious, 

normal round object. 

Vague and unclear or 

invalid example of 

roundness.  

 

In the second round of Delphi, the facilitator developed a rubric where each 

number in the rating scale was operationally defined. Raters were independently asked to 

review the rubric and note anything that they disagreed with, or would add/change to the 

rubric. Rater2 noted that she was assigning a rating of ‘3’ to similes “using ‘like’ or ‘as’ 

since that [was] not a metaphor.” This information proved useful because the metaphor 

instructions prompt provided to participants during data collection utilized similes as 

examples (Silvia & Beaty, 2012, p. 346; see Appendix B). Raters were thus shown the 

instructions prompt for Metaphor and asked not to penalize responses that used similes. 

In the final stage of Delphi, raters were exposed to their first set of example ratings and 
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that of the other raters. This was the first time that they viewed each other’s responses, 

however, any identifying information was masked. Only the rater’s number could be seen 

(i.e., Rater1, Rater2, Rater3). Raters rerated the same set of examples using the rubric. 

Because there were only five examples per task, correlations were used as a heuristic to 

determine agreement. In the final round of Delphi, all tasks were found to be moderately 

to to highly correlated though not all were significant (see Table 2 for descriptive 

statistics and correlations among raters during Delphi). 

Table 2 Mean ratings and correlations for Delphi 

  Round 1  Round 2 

Haiku M SD  Rater1 Rater2 Rater3 M SD  Rater1 Rater2 Rater3 

Rater1 2.33 0.82 1           

Rater2 1.83 0.98 .83* 1           

Rater3 3 1.1 .89* 0.53 1           

Metaphor                      

Rater1 1.71 0.95 1 2.71 0.95 1   

Rater2 2.14 1.1 -0.12 1 2.71 0.95 0.63 1   

Rater3 2.57 1.3 .71* 0.18 1 2.57 0.98 0.56 .74* 1 

Brick                     

Rater1 2.5 0.55 1 2.67 0.52 1   

Rater2 1.5 1.1 -0.41 1 2.5 0.55 0.71 1   

Rater3 2.3 1.2 -0.57 0.35 1 2.67 0.52 0.25 0.71 1 

Instances                      

Rater1 1.83 1.2 1 2.5 0.84 1   

Rater2 2.33 0.52 -0.22 1 2.6 0.82 .88* 1   

Rater3 3.7 0.82 .98* -0.16 1 3 0.89 0.54 0.55 1 

*p<.05 

 

Final ratings. Following implementation of the Delphi method, raters were 

resent the first batch of ratings and were asked to make changes according to the rubric 

(see Appendix C for the rubric). Batch #2 was also sent containing the remaining data. 
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Judgements were provided for 109 cases in Haiku, 109 cases in Metaphor 1, 153 cases in 

Metaphor 2, 221cases in the brick task (2 ideas per participant), 221 cases in the rounds 

things task (2 ideas per participant), and 516 in associative flexibility. All ICC ratings 

were higher than .45, with both the Haiku and Associative flexibility tasks reaching 

values higher than .70. Figure 7 depicts descriptive information, correlations and ICC 

ratings. 

 
 

Figure 7 Final ratings 

Final analysis for the first batch of ratings. The top row shows ratings for Creative production tasks, 

and the bottom row shows ratings for the divergent thinking tasks.  
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Data preparation 
AMOS was used to test relationships between five latent constructs: working 

memory capacity (WM), cognitive inflexibility (Cog_Inflex), divergent thinking (DT), 

convergent thinking (CT), and creative production (CreatProd). Variables were screened 

for normality, outliers and missing data. For missing data and outliers, maximum 

likelihood estimation was employed in AMOS, which estimates the likelihood of a 

response via the correlations between the tasks. Table 3 shows descriptive statistics for all 

raw variables used in the models. Based on descriptive statistics and correlations, tasks of 

divergent thinking, convergent thinking, and creative productive tasks were all 

significantly correlated and had skewness and kurtosis values within the -1 to 1 range. It 

should be noted that the matchstick task has a bimodal distribution. This is because in 58 

cases where the participant did not arrive at the correct response, time was derived based 

on the time limit that all participants were given to complete  

While tasks of divergent, convergent and creative production correlated with one 

another, not all tasks of working memory capacity and cognitive flexibility did. 

Specifically, the Stroop effect score did not correlate with the weighted puzzle score, or 

the preservative errors in the WCST (weight puzzle score did correlate with WCST). 

Similarly, the Nback accuracy score was not correlated with RSPAN, but was correlated 

with OSPAN (OSPAN and RSPAN also correlated). These correlations were used as 

heuristics for the confirmatory factor analysis to verify that all tasks contributed to the 

variance of the construct that they were representing and were noted as potential tasks 

that would need to be excluded from the analysis. Table 4 shows correlations between the 
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15 tasks. Figures 8 shows a graphic depiction of correlations, histograms and scatter plots 

between the factors that make up the five latent constructs.   

 

Table 3 Descriptive statistics for observed variables 

M SD Min Max Missing Skew Kurtosis 

1. Stroop (ms) 75.87 113.34 -273.30 422.03 0 -0.46 1.16 

2. WCST 8.40 3.88 4.00 23.00 0 1.58 2.13 

3. Puzzle (ms) 47.34 9.41 31.50 89.74 2 1.63 4.59 

4. OSPAN 22.17 6.43 2.00 30.00 3 -0.79 -0.07 

5. RSPAN 20.78 5.85 0.00 30.00 3 -0.69 0.33 

6. nBack 15.52 3.09 4.00 20.00 0 -1.73 4.17 

7. RAT 11.04 5.96 0.00 30.00 1 0.15 -0.24 

8. Insight 1.28 1.29 0.00 4.00 2 0.81 -0.42 

9. Match (secs) 271.22 248.03 6.00 600.00 2 0.43 -1.64 

10. Brick 2.84 0.55 1.33 4.33 0 -0.09 0.15 

11. Round 3.02 0.55 1.17 4.67 11 0.00 0.71 

12. Asso-flex 2.81 0.83 0.93 5.13 2 0.23 -0.12 

13. Haiku 2.58 0.85 1.00 4.70 0 0.34 -0.65 

14. Meta1 2.69 0.79 1.00 4.70 0 0.13 -0.38 

15. Meta2 2.67 0.74 1.00 4.70 1 0.07 -0.16 
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Table 4 Correlations among observed variables 

  Stroop WCST Puzzle OPSAN RSPAN nBack RAT Insight Match Brick Round Asso-flex Haiku Meta1 Meta2  

1. Stroop (ms) 1 

2. WCST 0.077 1 

3. Puzzle (ms) .001 .30** 1 

4. OSPAN .002 -.10 -.06 1 

5. RSPAN -.10 -.13 -.11 .48** 1 

6. nBack .04 -.18** -.22** .15* .07 1 

7. RAT  -.05 -.14* -.17* .16* .21** .10 1 

8. Insight .01 -.18** -.24** .07 .15* .13 .34** 1 

9. Match (s) .04 0.8 -.04 -.16* -.19* -.08 -.17* -.30** 1 

10. Brick .03 -.20** -.16* .04 .04 .11 .24** .10 -.04 1 

11. Round  0.08 -.04 -.12 .02 .03 .05 .02 .21** .005 .18* 1 

12. Asso-flex .09 -.25**  -.22** .06 .26** .10 .21** .233** -.12 .20** .19** 1 

13. Haiku -.02 -.18** -.18* .18* .22** .07 .27** .25** -.14* .21** .27** .30** 1 

14. Meta1 0.35 -.05 .09 .09 .08 .10 -.008 .15* -.06 .06 .10 .08 .14* 1 

15. Meta2  -.05 -.22** .09 .09 .10 .10 .80 .06 -.02 .19** .10 .11 .24** .24** 1 

*p < .05. 

**p < .01 
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Figure 8 Graphical depiction of tasks 

This figure shows the graphical depiction of the relationships between the observed variables per latent construct. Presentation order from upper-left to 

center right: Cognitive inflexibility, working memory, convergent thinking (bottom-left), divergent thinking (bottom-right), and creative production.  
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Confirmatory factor analysis (CFA) 
CFA was selected as the primary method of analysis because it is theoretically 

driven (Loehlin, 2004) and is in keeping with current research on creativity that uses 

latent variable analysis (e.g., Lee & Therriault, 2013;  Benedek et al., 2012;  Nusbaum & 

Silvia,  2011).  In CFA, observed or manifest variables are modeled to create unobserved 

latent constructs. In my model of creativity, there were 15 observed variables (e.g., 

Stroop effect, Haiku ratings, RAT total score, etc.) and 5 unobserved factors (e.g., 

divergent thinking, creative production, etc.). The direction of the paths (or arrows), can 

impact interpretation of the model. If the pathway is pointed towards an observed 

variable or construct, it is interpreted to have a causal source within the model. These are 

known as endogenous variables; in this model endogenous variables were creative 

production, divergent and convergent thinking. Exogenous variables are independent and 

do not have any pathways pointed directly at them meaning that their causal source is 

independent of the model. Cognitive flexibility and working memory capacity were 

considered exogenous. For scaling purposes, the variances of cognitive flexibility and 

working memory capacity were set to 1. Regression weights of 1 were assigned to RAT 

for convergent thinking, the associative flexibility task for divergent thinking, and Haiku 

for creative production. To account for the possible correlation of DT and CT, residuals 

were allowed to correlate. Three models were run to test the three research questions, and 

model fit indices chi-square, CFI and RMSEA, AIC, and BIC are reported.  

 Model 1: Cognitive flexibility as a precursor to creative processes and creative 

production. In the first model, I aimed to uncover if cognitive flexibility predicts DT, CT 
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and CreatProd. As mentioned previously, I was cautious of the Stroop Effect because it 

did not correlate with the other observed variables of cognitive flexibility. The Stroop did 

not contribute as a significant predictor of cognitive flexibility (β= -.02) therefore was 

removed from the analysis for improved model fit. Further discussion will not include the 

Stroop. 

The model fit index chi-square in was significant  (χ2 = 60.55, df = 40; p = .02). 

Loehlin (2004) suggests that chi-square is sensitive to sample size, but that a chi-square 

“close to its degrees of freedom is an instant definition of a satisfactory fit (pp. 67).” To 

overcome the limitations of chi-square, fit indices CFI and RMSEA are also reported. 

RMSEA is insensitive to sample size and any value less than .10 is a moderate fit, where 

a value less than .05 is indicative of a good fit (Loehlin, 2004). The CFI (comparative fit 

index) also is insensitive to sample size, and values of .93 or higher are indicative of good 

fit with values reaching .90 as acceptable. CFI essentially compares the observed model 

to the null (an independent model where variables are assumed to be uncorrelated; Moss, 

2016). CFI and RMSEA show that the model was a good fit to the data (RMSEA = .05; 

CFI = .89). AIC (Akaike Information Criterion = 134.55) and BIC (Bayesian information 

criterion =139.01) are reported because I am testing three models and these indices 

determine the best fitting model (where lower values are better; Kenney, 2015).  

I now report the standardized regression estimates to determine predictive 

relations between the constructs. Cognitive inflexibility predicted divergent thinking (β = 

-.97, p < .01), convergent thinking (β= -.65, p < .01), and creative production (β = -.78, p 
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< .01; see figure 9). The predictive relationship was negative because factors that 

determined that latent construct are perseverative errors in the WCST and switch cost on 

the puzzle task. Thus, higher scores are indicative of more errors and higher cost (i.e., 

low performance). The beta-weights are standardized and represent that a change of one 

standard deviation represents the rate of change (or β) in the other variable (see Figure 9). 

 

Figure 9 Model 1 

A depiction of model 1 show the predictive relationship between cognitive inflexibility, divergent and 

convergent thinking, and creative production.  
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Model 2: Cognitive flexibility and creative thinking processes as predictors of 

creative production. The second research question sought to address a critique in the 

creativity literature that tests of divergent and convergent thinking do not extend to 

creative production tasks. The only difference between Model 1 and Model 2 are 

pathways from divergent thinking and convergent thinking were added towards creative 

production (Figure 10). Model 2 was a good fit to the data (χ2 = 53.7, df = 38; p = .47, 

RSEA= .05 CFI= .92). AIC and BIC values were 131.7 and 136.41 respectively, which 

indicates a better fit than model 1. With the addition of pathways for divergent and 

convergent thinking, cognitive inflexibility remained a significant predictor of divergent 

thinking (β= -.72, p < .01), convergent thinking (β= -.50, p < .01), but not creative 

production (β= .31, p > .05). Divergent and convergent thinking were not significant 

predictors of creative production (β= 1.15, p < .05; β= -.10, p > .05).   Figure 9. A 

depiction of model 1. The predictive relationship between cognitive inflexibility, 

divergent and convergent thinking, and creative production. 
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Figure 10 Model 2 

A depiction of model 2 shows the maintained predictive relationships between cognitive inflexibility, 

divergent and convergent thinking. However, cognitive inflexibility, convergent thinking, and 

divergent thinking were not predictive of creative production.  
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Model 3: Cognitive flexibility, working memory capacity, and creative thinking 

processes as predictors of creative production. The final research question sought to 

uncover predictive relationships of four latent constructs and creative production.  In the 

third model, working memory capacity was added and other pathways and latent 

variables remained. I was cautious of the nBack because it did not correlate with the other 

observed variables of working memory capacity. Unlike the Stroop, Nback was as a 

significant predictor of working memory capactiy (β= .19, p < .05), therefore was not 

removed from the analysis. Model 3 was a good fit to the data (χ2 = 86.14, df = 67; p > 

.05, RSEA= .,04 CFI= .93). AIC and BIC values were 190.14 and 198.10 respectively. 

There is discrepancy between AIC/BIC values and goodness of fit indices (chi-square, 

RSEA, and CFI). While AIC/BIC values suggest that model two is the better fitting 

model, goodness of indices indicate that model three is superior.  

Because working memory capacity and cognitive inflexibility were the exogenous 

variables, they were set to covary (β= -.33). Cognitive inflexibility remained a significant 

predictor of divergent thinking (β= -.67, p < .01), convergent thinking (β= -.43, p < .01), 

but not creative production (β= .36, p > .05). Divergent and convergent thinking were 

still not significant predictors of creative production (β= 1.13, p < .05; β= -.15, p > .05). 

Working memory capacity predicted convergent thinking only, but not divergent thinking 

or creative production.   
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Figure 11 Model 3 

A depiction of model 3. shows the maintained predictive relationships between cognitive inflexibility, 

divergent and convergent thinking. However, cognitive inflexibility, convergent thinking, and 

divergent thinking were not predictive of creative production.  
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GENERAL DISCUSSION 

Creativity has been empirically tested in the psychological sciences since the 

1950’s when J. P. Guilford distinguished between creative thought processes and their 

relationship to intelligence. As such, theories of creativity have been established that 

underlie the cognitive precursors and creative thought processes that identify creative 

persons. The most commonly used metrics of creativity have been used to test creative 

thinking process (divergent and convergent thinking). However, limitations in the metrics 

used for tests of divergent and convergent thinking are thought to trivialize the 

complexity of creativity and are concerned that these tests do not predict creative 

production. Per these limitations, in this dissertation, a latent variable model of creativity 

tested relationships between three components of creativity—person abilities (as 

underlined by two cognitive abilities, working memory capacity and cognitive 

flexibility), creative thought processes (divergent and convergent thinking), and creative 

production. Three research questions were developed:  

1) In keeping with executive theory of creativity, is cognitive flexibility a 

precursor to creative thought?  

2) Do tests of divergent and convergent thinking predict creative production?  

3) What is the overall relationship between the three overarching components of 
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creativity (person, process, production)?  

As hypothesized, in models one, two and three cognitive flexibility significantly 

predicted performance on tests of divergent and convergent thinking (i.e., creative 

thinking processes). A negative relationship indicated that as performance on tasks of 

divergent and convergent thinking increased, errors decreased and reaction times were 

faster on tasks of cognitive flexibility. Additionally, working memory capacity was a 

significant predictive of convergent thinking but not divergent thinking. Cognitive 

flexibility and working memory had a negative relationship signifying that they 

contribute to differing facets of creative thought.  

The second and third research questions aimed to address whether cognitive 

abilities and tests of divergent and convergent thinking predict performance on creative 

production tasks. Neither cognitive abilities nor creative thinking processes predicted 

performance on creative production. These results may provide some support to the 

criticism that tests of divergent and convergent thinking may be too artificial. However, it 

stands to reason that the ability to focus and persist (CF and WM), generate ideas freely 

(DT), and/or arrive a singular correct solution (CT), are valuable abilities to possess in a 

creative production task. In fact, previous research has found existing relationships 

between working memory and metaphor production inductive reasoning (Silvia & Beaty, 

2012) suggesting that creative production requires executive processes and creative like 

the ones utilized here. More research is warranted to continue exploring these 

relationships.  
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Interestingly, prior to inclusion of divergent and convergent thinking as 

predictors, cognitive flexibility was found to be a significant predictor of creative 

production. However, this effect disappeared in models two and three. Goodness of fit 

indices did not help untangle this result because there was a discrepancy between model 

comparison indices. AIC and BIC values were lower in model 1 (lower values are better; 

Kinney, 2015), but goodness of fit indices were better for model 3.  While it is clear that 

cognitive abilities are precursors to creative thinking via divergent and convergent 

thought, it is unclear whether that extends to predicting creative production. Perhaps, it is 

unnecessary to test predictive relationships from cognitive precursors to creative 

production through a ‘middle-man’ (i.e., tests of divergent and convergent thinking). 

Instead, direct paths can be directly tested between executive functioning abilities and 

creative production.  

One limitation to this study was that the tasks of the constructs were only 

moderately correlated. Specifically, the WCST and the YCFA (tasks of cognitive 

flexibility) did not correlate with the Stroop test. The Stroop test has been a long existing, 

popularized measure in psychology. While cognitive flexibility has been a longstanding 

in the literature (Scott, 1962), there is not a general consensus about a standardized metric 

currently in use, unlike working memory capacity, for example. Research continuing to 

explore cognitive flexibility is recommended.  

Understanding creativity is pivotal in the workplace where personnel selection 

and training are key to a company’s success. With rapidly advancing technology, 

employees are expected to create innovative products quickly and to provide creative 
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solutions to problems daily. Yet, creative performance is not always highlighted on an 

employee's resume or in requirements listed in performance reviews. In a recent article on 

NPR1, author Yuki Noguchi noted that performance reviews have become antiquated 

often valuing performance that comes off of the “assembly line” rather than capturing 

creative aspects of the job that extend beyond domain experience and expertise. 

Examples of creative job demands are managing novel situations and working on 

multiple projects where unique solutions must be presented on differing projects. 

Contemporary qualitative attempts to overhaul performance management systems can be 

just as ineffective because they remove the standardized, defined requirements that 

employees view as fair, thereby resulting in a need for objective creative metrics. The 

research presented here helps to fill this gap because the goals were to uncover how much 

variance in creative performance is attributed to cognitive abilities and creative thinking 

styles. Therefore, tests of cognitive abilities like working memory and cognitive 

flexibility can be used as metrics to gauge an employee’s level of creativity and can 

become part of a larger battery of creativity tasks in work environments that currently do 

not exist.  

                                                 
1 http://www.npr.org/2016/09/28/495795876/yay-its-time-for-my-performance-review-

said-no-one-ever 
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APPENDIX 

Appendix A: Examples provided to raters  

Haiku  

I love trees and rain while on moist dirt and grass  I love trees soft breeze  

Many flowers bloom Grass and trees green full with life Beautiful, nice, spring 

Cold breeze, falling snow warmily wrap with a partner near calm burning fire 

Illuminating  Always burning never far It’s our savior  

Calm before the storm feelings erupt to the sky there's epiphany 

Feeling the wind fall  blowing through the big fall trees leaves scattered all over  

Metaphor  

Justice is like a train that is nearly always late.  

All the world is a stage.  

Trying to stay awake in class was like watching grass grow. 

Trying to stay awake in class was not trying to get seconds at an all you can eat buffet.  

Eating escargot is the picky eater's death penalty.  

Sitting through philosophy is like being a part of a stalemate during the war 

Port wine is like poison 

Brick  Instances 

Jump over with a skateboard Buttons on a shirt 

Knife sharpener  American Civil Rights  

Stove/grill Building a circular pool 

Reach something  fingertip 

Draw a happy face on it  Pizza  

Break something  Water Cap  
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Appendix B: Metaphor worksheet  

 

 

(From Silvia and Beaty, 2012)  

 

INSTRUCTIONS: In this task, you will be creating a metaphor. Metaphors are a figure of 

speech in which a word or phrase is applied to an object or action to which it is not 

literally applicable. 

 

Here are three examples of three common kinds of metaphor structures:  

1. Metaphors: “All the world is a stage.” 

2. Similes: “Justice is like a train that is nearly always late.” 

3. Compound metaphors: “Life is like a box of chocolates: you never know what 

you're going to get.”  

Your job is to to create a metaphor (see prompts below). The aim is to come up with 

something creative—something clever, humorous, original, compelling, or interesting. 

There is no time limit. Remember, be creative!  

Prompt #1: 

 “Think of the most boring high-school or college class that you've ever had. What was it 

like to sit through?” 

Answer: 

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 

Prompt #2: “Think about the most disgusting thing you ever ate or drank. What was it 

like to eat or drink it?”  

Answer:  

__________________________________________________________________ 

__________________________________________________________________ 

__________________________________________________________________ 
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Rubric Haiku Metaphors Brick  Instances  

1- not 

creative 

Given to haikus with a lack of originality 

in relation to prompt, as well as a misuse 
of the form. 

Responses that weren’t metaphors at all, and 
also didn’t demonstrate creativity or clarity. 

Also given to confusing/convoluted 

responses that didn’t really make sense. 

Nonsensical, not applicable ideas Nonsensical, not applicable ideas 

2 

Given to haikus with vague, fairly familiar 

ideas, usually dealing in weather. Also 
given to haikus where the content was 

somewhat thoughtful and unique, but 

substantially broke the form to achieve 
this. 

Given to previously established 
metaphors/sayings (like watching paint 

dry)—the ability to apply these sort of 

established sayings to an apt context shows 
some sense of creativity. Also given to 

answers that were a bit creative, but weren’t 

quite metaphors. 

Familiar, expected and vague 
Didn’t particularly make sense but 

showed an effort to be creative. 

3 

Given to haikus with vague, familiar ideas, 
but ones given a bit more specificity and 

with more distinction than the 2’s—maybe 

a tangible image or an unexpected word-
choice in relation to the context. Also 

given to poems where the content felt 

fairly creative (perhaps on the 4 level) but 
broke the syllabic form. 

Given to somewhat creative metaphors, but 
metaphors that still seemed obvious or 

vague. Also given to metaphors that were 

unique and interesting, but didn’t quite 
make sense as a comparison. 

Given to somewhat obvious answers (a 

weight, a building material) but answers 
that still attempted to think outside the 

box—brick as a weight or building 

material but used in a way that is specific 
and nuanced, and attempts to remove a 

brick from its immediate expected role. 

Answers were a bit obvious, but 

not completely without 
thoughtfulness. Many of these 

examples verged on creativity, but 

they were a bit vague or unclear, 
or I questioned whether or not it 

was a valid example of roundness. 

4 

Given to haikus that use unique and 

specific imagery and experiences in 

responding to the prompt. Some haikus got 
4’s when I felt the content was really 

creative, but they didn’t follow the form. 

Other haikus had maybe a bit more 
familiar/obvious content but employed 

ambitious and unusual word-choices 

and/or a clever and interesting utilization 
of the syllabics. 

Given to metaphors on the brink of being 

strong. They are creative but maybe a bit 

unclear. They are creative, but convoluted 
(a mixed metaphor, perhaps). Or, they are 

creative in how they are presented (word-

choice, syntax) though still perhaps a bit 
familiar content-wise. 

Answers that take the brick a step further 

beyond the expected. Usually, these 

answers didn’t rely on a brick’s weight 
and use as a building material to find a use 

for it. Rather, these answers tended to 

bring the brick into a more domestic 
context, or artistic one. Many of the 4’s 

didn’t provide a particularly useful task for 

a brick, but they were clever/funny, or so 
unexpected that they scored high anyway. 

Many of these examples tended to 

be thinking at the micro and 

macro level—zooming out to 
planets, zooming into eyeballs. 

This sort of looking past or 

looking closer shows some nice 
creative thinking. 

5- very 

creative 

Unique and surprising, vivid—with 

specific, surprising details. Generally 
strayed away from the obvious weather 

theme, or used weather in a unique and 

surprising way. These haikus followed the 
given form and usually took on the 

syllabics with ambitious/interesting word-

choice and syntax. 

Metaphors that are unusual and unexpected, 

but still stand strong as apt comparisons. 
Metaphors that use specificity and 

juxtaposition in surprising and insightful 

ways. I also included metaphors that verged 
on familiar, but took the familiar in a new 

direction—with word-choice, context, 

specificity, etc. 

Most of these answers completely 

removed a brick from its expected context. 
Much of the creativity came from the 

humor and unexpected resourcefulness. 

Some of the 5’s were perhaps a bit 
familiar, broadly speaking, but they gave a 

nuanced and genuinely useful/clever use 

of a brick. 

Most of the 5’s thought about 

roundness more abstractly—time, 
habits, birth etc. Some of the 5’s 

were tangible items, but were 

really unexpected and strange. 
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