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ABSTRACT
Creativity involves generating novel and valuable ideas. While the importance of creative thinking is

widely acknowledged, its cognitive basis is poorly understood, particularly in older adults. This study aimed
to develop and test an explanatory model of creative thinking to elucidate its underlying cognitive functions
in an elderly sample. The role of demographic variables, including age, multilingualism, socioeconomic sta-
tus (SES), level of education, and gender in creative thinking was also investigated. One hundred and
twenty-five participants aged 65 years and above-completed measures of divergent, convergent and associa-
tive thinking, as well as task-switching, inhibition and fluid intelligence. Structural equation modeling
(SEM) analyzed the relationships between these cognitive functions, and group differences assessed whether
there were significant differences in the cognitive measures based on the demographic variables. Creative
thinking appeared to entail the cooperation between divergent and convergent thinking, which both rely on
associative thinking, suggesting an associative basis of creative thinking. Creative thinking involved fluid
intelligence and task-switching, but not inhibition, recasting it as a higher-order function. This study sup-
ports the dual-process account of creative thinking by demonstrating an associative basis and the role of
executive functions. Differences among education and SES groups occurred for most cognitive functions
analyzed. These findings inform prevailing theoretical frameworks of creative thinking.

Keywords: associative thinking, creative thinking, convergent thinking, divergent thinking, elderly, executive
functions.

INTRODUCTION
Creativity is a construct that spans multiple disciplines, has been subjected to several analysis methods

and has many definitions (Pinkow, 2022). It is often defined as the process of generating products that are
both novel and effective (Runco & Acar, 2012) and encompasses both creative thinking (viewed as the ante-
cedent cognitive process to creativity) and creative cognition (which refers to various cognitive processes
that underlie creative thinking; Pinkow, 2022). These definitions highlight creativity as a multifaceted and
complex construct (Beaty & Kenett, 2023). Nevertheless, given that creative thinking is the cognitive process
that comprises divergent and convergent thinking (Pinkow, 2022) and that we focus on these two processes
in this study, we use the term “creative thinking.”

Theoretically, creative thinking is conceptualized as either a bottom-up, automatic process (Med-
nick, 1962) or as a top-down process reliant on executive control (Benedek et al., 2017), with findings in
support of each approach (Barr, 2018). The dual-process theory consolidates these two seemingly opposing
conceptualizations as it suggests a complementary role between both associative (bottom-up) and executive
(top-down) processes (Barr, 2018). Dual-process theories include the Geneplore (Finke, Ward, &
Smith, 1992), the blind-variation and selective-retention theory (BVSR; Simonton, 2022) and the dual-
process theory of reasoning (Sowden, Pringle, & Gabora, 2015). The Geneplore model maintains that crea-
tive ideas result from an interplay between generative and explorative processes. In contrast, the BVSR the-
ory proposes that individuals generate ideas that they adapt differently, select a best-fitting variate, and
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repeat this procedure until a creative idea is produced (Simonton, 2022). The dual-process theory of reason-
ing argues that creative output results from the interaction of two sets of thinking processes, including intui-
tive (type 1) and deliberate (type 2) thinking (Sowden et al., 2015).

Although the dual-process theory has gained popularity in the creativity literature, few studies have con-
sidered both associative and executive functions in the same study (Beaty, Zeitlen, Baker, & Kenett, 2021).
The current study attempts to address this gap and consolidate conflicting findings by evaluating the relative
contribution of associative and executive processes to creative thinking. The specific theoretical contribu-
tions of the study include the development of a coherent explanatory model of creative thinking and empiri-
cally testing this model using structural equation modeling (SEM). In doing so, we elucidate the cognitive
functions implicated in creative thinking and investigate their relationships in an under-researched sample,
namely older adults (i.e., 65 years and older). By simultaneously assessing multiple relationship pathways
between several variables, SEM affords this study additional methodological significance, as prior research
tends to focus on individual factors in creative thinking (Fryer, 2012). Finally, this study addresses a limita-
tion of cognitive approaches to creativity, namely the tendency to neglect demographic and contextual fac-
tors. We included the demographic variables of age, number of languages spoken (monolingual, bilingual,
or multilingual), socioeconomic status (SES), level of education, and gender.

The first step of SEM is model specification, which involves determining the variables of interest and the
relationships between them (Crockett, 2012). In this regard, creative thinking comprises both divergent and
convergent thinking (Guilford, 1967), and a combination of cognitive functions underlie these abilities
(Kharkhurin, 2012). Divergent thinking is an ideational, bottom-up process that occurs when concepts and
associations disperse in varied directions (Runco & Acar, 2012). A common feature of divergent thinking
measures is the production of multiple responses to an ambiguous and open-ended problem (Lee & Ther-
riault, 2013). Despite insufficient evidence to suggest that creative thinking is a psychometrically unitary
construct (Arden, Chavez, Grazioplene, & Jung, 2010), divergent thinking tests are typically used as sole
measures of creative thinking (Benedek, M€uhlmann, Jauk, & Neubauer, 2013; Simonton, 2015). Contempo-
rary creativity researchers argue against this oversimplified approach, and there is increasing recognition that
creative thinking draws on convergent thinking (Cropley, 2006; Kharkhurin, 2012; Sowden et al., 2015).

Convergent thinking is an analytical, top-down thinking style that extracts a single, best-fit, or correct
solution. Creative thinking is proposed to rely on the joint operation of divergent and convergent thinking,
with the divergent phase generating multiple responses, which tend to be more spontaneous and bottom-up.
These responses are subsequently assessed during the convergent phase, which evaluates the utility of the ini-
tial output (Chrysikou, 2019). This conceptualization implies that divergent thinking is a prerequisite for
convergent thinking and that one mode of thinking needs to terminate before the other is engaged (Sowden
et al., 2015). The distinction between divergent and convergent thinking implies a dichotomy, representing
these two processes as opposing or unrelated (Runco, 2014). This is supported by nonsignificant correlations
between divergent and convergent thinking subscores on the Creative Reasoning Test (CRT; Jaarsveld, Lach-
mann, & van Leeuwen, 2012). In this study, the CRT compares divergent and convergent thinking abilities
in the same knowledge domain, providing strong support that they are separate functions. However, there
are significant relationships between associative processes and both divergent (Beaty, Silvia, Nusbaum, Jauk,
& Benedek, 2014; Benedek et al., 2017) and convergent thinking (Benedek, K€onen, & Neubauer, 2012;
Marko & Rie�cansk�y, 2018) aspects of creative thinking, suggesting that divergent and convergent thinking
are related through their reliance on associative thinking, rather than being mutually exclusive processes
(Lee & Therriault, 2013).

An associative basis to creative thinking fits with Mednick’s (1962) theory of creativity, which considers
semantic memory as the root of creative thought as it enables loosely related concepts to be combined into
novel and useful ideas. Specifically, creative thinking entails conceptual nodes in semantic memory being
stimulated, causing residual activation that spreads along associative links, automatically activating other
nodes in the network (Foster et al., 2017). Flexible and highly interconnected networks with few large associ-
ation clusters, characterized by “flat” (widespread associations) rather than “steep” (few, common associa-
tions) associative hierarchies, enable the activation of more remote and discrete conceptual nodes, thereby
establishing complex connections and, hence, more creative output (Benedek et al., 2017; Mednick, 1962).
The associative theory conceptualizes creative thinking as a bottom-up, automatic process, implying that it
occurs independently of conscious control (Colzato, Szapora, Pannekoek, & Hommel, 2013). Although auto-
matic processing may result in novel ideas, the criterion of novelty alone is not sufficient for creativity
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(Runco & Jaeger, 2012). Individuals prone to automatic processing may experience thought perseveration,
leading to more conventional ideas and, hence, produce less creative output (Zabelina & Robinson, 2010).

Consequently, creative thinking relies on executive functions that enable the control of thoughts and
actions during goal-oriented tasks (Friedman & Miyake, 2017). Through their influence on lower cognitive
processes, executive functions benefit creative thinking by improving the efficiency of memory retrieval,
strategy implementation, and the manipulation of information (Benedek et al., 2017). While executive func-
tions facilitate creative thinking by enabling a focus on relevant information and the suppression of irrele-
vant information, they may make the cognitive system inflexible and nonreactive to alternative possibilities.
Similarly, while high flexibility enables effective switching between actions and alternative possibilities, it
may increase distraction and interference by task-irrelevant information. Therefore, creative thinking will
likely emerge from an appropriate balance between increased and diminished cognitive control, that is, cog-
nitive persistence and flexibility, depending on the given task (Zhang, Sjoerds, & Hommel, 2020).

The executive function of task-switching facilitates this balance through efficient shifting along the diver-
gent and convergent thinking continuum. Task-switching involves disengaging from well-established schema
and adopting a new, more task-relevant schema, enabling dynamic adaptation to changing task demands
(Daucourt, Schatschneider, Connor, Al Otaiba, & Hart, 2018). This can benefit associative aspects of creative
thinking by optimizing information retrieval from semantic memory. In particular, structured semantic net-
works organize information in a modular or locally clustered manner. Although this structuring facilitates
rapid transitions between semantically related concepts within a particular subcategory, the network’s topol-
ogy may limit the spread of activation and, thus, constrain the ability to find remote paths between concep-
tual nodes. Task-switching mitigates the exploration limitations of network topologies by shifting to
alternative semantic fields, which allows the spread of activation to reach more remote associations (Troyer,
Moscovitch, & Winocur, 1997) and prevents cognitive fixation on ineffective ideas or unproductive
problem-solving strategies (Chrysikou & Weisberg, 2005; Kohn & Smith, 2011; Storm & Angello, 2010). As
task-switching may facilitate the spread of activation in semantic memory, it is theorized to predict associa-
tive thinking and, thus, is considered one of the key sources of individual differences in creative thinking.

Coupled with the requirement of switching between creative strategies or mental sets is the need to
inhibit interference from ineffective strategies, prior responses, and unsuitable content from gaining access
to working memory for further processing (Gilhooly, Fioratou, Anthony, & Wynn, 2007). This points
toward the role of inhibition in creative thinking, which is the deliberate suppression of processing or
expression of information that would otherwise disrupt the achievement of a particular task (Dia-
mond, 2013). Creative thinking may rely on both high and low levels of inhibitory control, with the degree
to which control is required being contingent upon the creative task (Lin & Lien, 2013). For example, diver-
gent thinking does not include stringent constraints, and so access to a broad range of unfiltered informa-
tion and, hence reduced inhibition may benefit the generation of multiple original ideas. This is evident in
studies reporting a negative relationship between inhibition and divergent thinking (Dorfman, Martindale,
Gassimova, & Vartanian, 2008; Kharkhurin, 2011; Lin & Lien, 2013). Conversely, many criteria need to be
met for convergent thinking measures, so a higher degree of inhibition is advantageous in preventing task-
irrelevant and distracting information from entering working memory in these instances (Cheng, Hu, Jia, &
Runco, 2016; Zabelina & Robinson, 2010). Therefore, we theorized that inhibition benefits the more system-
atic and convergent phases of creative thinking but interferes with divergent thinking, specifically the ability
to generate associative links between loosely connected concepts. As such, an associative pathway between
inhibition and convergent thinking, but not divergent thinking, was included in our model.

Finally, fluid intelligence is proposed to play a crucial role in creative thinking by facilitating the alloca-
tion of executive functions depending on the context or task (van der Meer et al., 2010). Fluid intelligence
entails both inductive and deductive reasoning capabilities applied during novel problem-solving and the
ability to generate, store and manipulate new information, abilities that are shared with working memory
(Zaval, Li, Johnson, & Weber, 2015). While working memory is likely involved in creative thinking, this
function is beyond the scope of this study and is an area for future research. Several studies have demon-
strated a link between fluid intelligence and divergent thinking (Akhtar & Kartika, 2019; Beaty, Nusbaum, &
Silvia, 2014; Benedek, Jauk, Sommer, Arendasy, & Neubauer, 2014; Nusbaum & Silvia, 2011), with evidence
suggesting that the top-down control of attention largely drives this relationship (Frith et al., 2021). A recent
meta-analytic review provides further evidence of the fluid intelligence-divergent thinking link, demonstrat-
ing a small to moderate relationship between the two constructs (Gerwig et al., 2021). In contrast, in Lee
and Therriault’s (2013) study, fluid intelligence did not predict divergent thinking but emerged as an
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indirect predictor via associative fluency. A potential explanation is that, in addition to spontaneous mem-
ory activation, controlled retrieval is required when searching for novel associations (Beaty & Kenett, 2023).
Thus, fluid intelligence possibly influences divergent thinking by optimizing information retrieval and imple-
menting executive control over the search for associative links.

Fluid intelligence has also been found to predict associative thinking and convergent thinking (Lee &
Therriault, 2013), the latter of which corresponds with evidence of a significant positive correlation between
performance on the Raven’s Advanced Progressive Matrices (APM) and a measure of convergent thinking,
namely the Remote Associates Test (RAT; Akbari Chermahini, Hickendorff, & Hommel, 2012; Lee, Huggins,
& Therriault, 2014). This suggests that the effect of fluid intelligence on convergent thinking is greater than
its effect on divergent thinking, possibly because convergent thinking aspects of creative thinking entail sys-
tematic and analytic cognitive processing and, thus, rely more heavily on fluid intelligence. In this regard,
fluid intelligence may facilitate the implementation of executive control or top-down strategies over the
mental resources required to produce creative ideas (Benedek & Jauk, 2019). It is, therefore, theorized that
fluid intelligence predicts both of the executive functions focused on in this study, namely inhibition and
task-switching. Depending on the nature of the creative task (i.e., divergent or convergent thinking), fluid
intelligence may engage either a high or low degree of executive function (Benedek et al., 2014).

Additionally, there is evidence that fluid intelligence benefits creative thinking by structuring the seman-
tic network to facilitate efficient search processes and conceptual combinations (Dane, 2010). For example,
fluid intelligence has been found to relate to the structural properties of semantic networks, while creative
achievement was found to relate more to the flexible properties of networks (Kenett, Beaty, Silvia, Anaki, &
Faust, 2016). The semantic networks of those who scored high on fluid intelligence and creative achievement
measures possessed structural and flexible properties. Therefore, while the semantic networks of those scor-
ing high on creative achievement measures encompass a flexible, chaotic nature, these networks need to con-
tain some structure to prevent semantic chaos. The structured semantic networks associated with high fluid
intelligence are thought to contribute to the ability to shift between small sub-communities of nodes with
greater ease and thereby overcome conventional ideas (Faust & Kenett, 2014; Kenett et al., 2016). Thus, fluid
intelligence and task-switching are important components of creative thinking (Nusbaum & Silvia, 2011).
Nusbaum and Silvia (2011) found that fluid intelligence predicts divergent thinking and that task-switching
mediates this effect, suggesting that task-switching underlies the relationship between fluid intelligence and
the production of creative ideas. Similarly, Forthmann et al. (2019) demonstrated an effect of fluid intelli-
gence (assessed via figural analogical reasoning) on divergent thinking scores, while Wilken, Forthmann, and
Holling (2020) found a significant relationship between creative performance and reasoning ability, which
was moderated by instruction on divergent thinking tests.

Beyond these cognitive functions, demographic variables also influence creative thinking. Creativity
research tends to focus on samples of either children or young adults (Roskos-Ewoldsen, Black, &
Mccown, 2008). By focusing on creative thinking in older adults, this study can extend the generalisability
of available results and contribute new knowledge and information regarding creative thinking in an under-
represented sample. Moreover, it may yield practical applications for promoting cognitive reserve and active
aging. It is unclear how alterations in brain structure and function accompanying typical aging may affect
creative thinking (Heilman & Fischler, 2018). Age-related decline in executive functioning may be a double-
edged sword since creative thinking relies on the paradoxical interplay between automatic and controlled
processes (Hommel, Akbari Chermahini, Wildenberg, & Colzato, 2011). Consequently, analytical aspects of
creative thinking (i.e., convergent thinking) may be negatively affected by the decline in executive function
(Simon & Bock, 2016), whereas automatic aspects of creative thinking (i.e., divergent thinking) may either
benefit or remain unaffected by this decline (Leon, Altmann, Abrams, Gonzalez Rothi, & Heilman, 2014;
Madore, Jing, & Schacter, 2016; Palmiero, Di Giacomo, & Passafiume, 2014). While older adults have a
richer storage of semantic knowledge that provides the raw materials for creative output (Dane, 2010), there
is evidence of diminished flexibility in the semantic networks of older adults (Cosgrove, Kenett, Beaty, &
Diaz, 2021). Since creative thinking requires flexibility, without which individuals may lack the spontaneity
required to satisfy the novelty criteria of creativity (Kenett et al., 2016), older adults’ diminished flexibility
in semantic networks may negatively affect the more automatic aspects of creative thinking. Our study hopes
to elucidate some of these issues in the creative thinking of older adults.

In addition to being elderly, our sample is also unusual in being bilingual or multilingual. Bilingual
advantages have been reported in aspects of creative thinking, such as originality (Kharkhurin, 2009), flu-
ency (Kostandyan & Ledovaya, 2013) and flexibility (Adi-Japha, Berberich-Artzi, & Libnawi, 2010), as well
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as insightful problems solving (Cushen & Wiley, 2011). Hommel et al. (2011) also demonstrated that high-
proficient bilinguals excelled in convergent thinking tasks while low-proficient bilinguals were better at
divergent thinking tasks, such as fluency scores. This suggests that the enhanced cognitive control mecha-
nisms of bilinguals possibly benefit more conscious, effortful aspects of creative thinking (i.e., convergent
thinking). However, the bilingual advantage hypothesis in the context of creativity has been challenged by
Lange et al. (2020), who failed to find this advantage when comparing the creativity of bilinguals assessed in
their second language to monolinguals and bilinguals assessed in their first language. Similarly, Kim and
Runco (2022) found no significant relationship between bilingualism and creativity, although a mediation
effect of bilingualism on creative ideation (i.e., fluency, originality, and flexibility) via cognitive flexibility
was reported. The effects of bi- and multilingualism on creative thinking remain unclear, and it is important
to note that the influence of contextual factors on cognition, in general, are difficult to ascertain.

The contextual factors that are often associated with creative thinking are socioeconomic status (SES)
and level of education (Zhang et al., 2015), especially in the older population as well as in regions that have
high levels of social and economic inequality, such as the context of the current study, South Africa
(Lucas, 2013). In particular, SES and level of education have a cumulative effect on creative thinking, with
better creative performance corresponding with higher levels of education (Zhang & Niu, 2013) and SES
(Castillo-Vergara, Barrios Galleguillos, Jofr�e Cuello, Alvarez-Marin, & Acu~na-Opazo, 2018; Dai et al., 2012;
Niu, 2007). Correspondingly, recent meta-analytic findings reported a significant positive correlation
between creativity and SES and identified several moderators of this relationship. Specifically, the mean
effect size was significantly higher when SES was assessed in terms of one’s own level of educational and
parental occupation or when flexibility was the index of creativity rather than fluency (Acar, Tadik, Uysal,
Myers, & Inetas, 2022). A candidate mechanism for these effects is cognitive stimulation and enrichment
offered by particular environments (Hackman, Farah, & Meaney, 2010).

The last demographic variable considered in our study is gender. The role of gender in creative thinking
is uncertain, as there is evidence for no significant gender differences in creative performance (Chary-
ton, 2005; Cheung, Lau, Chan, & Wu, 2004; Kaufman & Baer, 2004), as well as for both female (Anwar,
Shamim-ur-Rasool, & Haq, 2012; Hong, Peng, O’Neil Jr., & Wu, 2013; Kousoulas & Mega, 2009) and male
(Furnham, Crump, Batey, & Chamorro-Premuzic, 2009; Stoltzfus, Nibbelink, Vredenburg, & Hyrum, 2011)
advantages. These differences may arise from different strategies employed by males and females during tasks
(Abraham, 2014), although alternative explanations have been provided, such as the Greater Male Variability
Hypothesis (GMVH; Abdulla Alabbasi, Thompson, Runco, Alansari, & Ayoub, 2022; Karwowski
et al., 2016).

Based on the reviewed literature, we developed a hypothesized theoretical model (Figure 1)1 of creative
thinking and evaluated it using SEM. The structural relationships between the variables underlying creative
thinking were analyzed, namely divergent thinking, convergent thinking, associative thinking, and the execu-
tive functions of task-switching, inhibition and fluid intelligence. We also investigated whether selected
demographic variables contributed to differences in performance on the cognitive functions included in the
model to determine whether these accounted for group differences in creative thinking.

MATERIALS AND METHODS
PARTICIPANTS

Individuals aged 65 and older (see demographics in Table 1), living independently, were recruited via
convenience and snowball sampling (Panacek & Thompson, 2007). Participants had to be at least function-
ally fluent in English, and those with cognitive impairments were excluded based on their scores on the
Lawton Instrumental Activities of Daily Living (IADL) and the Montreal Cognitive Assessment (MoCA).
After screening, the final sample included 125 participants.

The study was approved by the Human Research Ethics Committee (Medical) of the University of the
Witwatersrand and granted ethical clearance (protocol number: M180726). The Helsinki Declaration and
the Singapore Statement on Research Integrity were followed (Resnik & Shamoo, 2011). Participants
received written information about the study and provided written consent before participation.

1 H1: Fluid intelligence predicts inhibitionH2: Inhibition predicts convergent thinkingH3: Fluid intelligence predicts task-
switchingH4: Task-switching predicts convergent thinkingH5: Task-switching predicts associative thinkingH6: Task-switching
predicts divergent thinkingH7: Associative thinking predicts convergent thinkingH8: Associative thinking predicts divergent
thinking
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MEASURES
Demographic questionnaire

A demographic questionnaire gathered information about age, gender, level of education, and home lan-
guage. The Living Standards Measure (LSM) assessed SES. It consists of 29 variables that group individuals
according to their standard of living (Haupt, 2016). The Language Experience and Proficiency Questionnaire
(LEAP-Q; Marian, Blumenfeld, & Kaushanskaya, 2007) established multilingual profiles. This self-report
questionnaire obtained information regarding the number of languages spoken and level of proficiency in
various domains (speaking, comprehension, and reading) for each language.

Cognitive screening
The abbreviated Lawton Instrumental Activities of Daily Living (IADL; Roehrig, Hoeffken, Pientka, &

Wedding, 2007) assessed capability for independent living (Graf, 2008) and was used as a screening measure.
It comprises five items related to “grocery shopping,” “food preparation,” “medication administration,”
“laundry” and “transportation.” Participants answered “true” or “false” when asked if they had difficulty
with each activity. Those who answered “true” on any activities were excluded from participation.

The Montreal Cognitive Assessment (MoCA) Version 7.2 (Chertkow, Nasreddine, Johns, Phillips, &
McHenry, 2011) was also used as a screen for mild cognitive impairment. The scores obtained for each item
provided an overall MoCA score with a maximum possible score of 30. Demographically corrected (age and
education) cutoff scores (Thomann et al., 2018) were used.

Divergent thinking
Two measures of divergent thinking were used, including the Alternative Uses Test (AUT) and Condi-

tions 1 and 2 from the Design Fluency test of the Delis-Kaplan Executive Function System (Delis, Kaplan, &
Kramer, 2001). The AUT comprises two sections, each with three everyday items. The instructions included
asking participants to provide as many as six alternative or different uses for objects or their parts. Partici-
pants had 4 min to complete each section. Their responses were scored using the methods outlined in the
AUT manual (Guilford, Christensen, Merrifield, & Wilson, 1978) and were similar yet not equivalent to
Snapshot scoring methods (Silvia et al., 2008; Silvia, Martin, & Nusbaum, 2009). The scoring method used
in this study involved providing a single holistic rating for responses (1 point for acceptable responses).
Multiple criteria were considered when evaluating responses, including the plausibility (utility) and original-
ity (novelty and uniqueness) of responses, as well as whether they differed from the item’s conventional use
(flexibility). Thus, the AUT tapped originality, flexibility and plausibility aspects of creative thinking, and if

FIGURE 1. Hypothesized theoretical model of creative thinking. Note. The letter H is an abbreviation for
the eight hypothesized pathways between the cognitive functions.
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responses did not meet all of these criteria, they were deemed unacceptable and scored zero. Two indepen-
dent raters collaboratively discussed and came to a consensus on item scores. While typical methods of scor-
ing the AUT (originality, flexibility, fluency and elaboration criteria) yield larger effect sizes, this holistic
assessment of divergent thinking also perform well and is recommended for larger samples (Silvia
et al., 2009).

Conditions 1 and 2 from the DF were used to account for fluency aspects of creative thinking. Partici-
pants were given 60 s for each condition to produce as many different designs as possible by connecting an
array of dots using straight lines. Condition 1 comprised black dots and required participants to draw
designs by connecting the filled dots. Condition 2 comprised black and white dots and required participants
to draw designs using only the white dots. The number of correct and unrepeated designs produced within
the time limit provided the score for each condition.

While the AUT and the DF tap different modalities of divergent thinking, namely verbal and figural
respectively, the results demonstrate that the AUT significantly correlates with the DF Conditions 1, r = .37,
p < .01 and DF Condition 2, r = .49, p < .01, respectively, and were therefore used as indicators of diver-
gent thinking. Cronbach’s Alpha values (a = .80) indicate good internal consistency between the measures
of divergent thinking.

TABLE 1. Demographic Characteristics of the Sample

Variable n (Total n = 125) % Mean (SD)

Age
65–70 53 42.4 73.14 (6.347)
71–75 27 21.6
76–80 24 19.2
81–85 16 12.8
86–90 5 4

Education
≤12 years 63 50.4 12.8 (3.309)
≥13 years 62 49.6

Gender
Male 44 35.2
Female 81 64.8

SES
Low 3 2.4
Middle 21 16.8
Upper 54 43.2
High 47 37.6

Home language
English 72 57.6
Afrikaans 22 17.6
IsiZulu 7 5.6
IsiXhosa 2 1.6
Southern Sesotho 3 2.4
Batswana 8 6.4
Northern Sesotho 1 .8
Tshivenda 2 1.6
Xitsonga 1 .8
IsiNdebele 1 .8
Other 6 4.8

Linguistic category
Monolingual 7 5.6
Bilingual 60 48
Multilingual 58 46.4
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Convergent thinking
Adaptation of the Remote Associates Test (RAT; Mednick, 1962) by Lee et al. (2014) assessed convergent

thinking. Thirty items comprising three seemingly unrelated words (e.g., cake, break, and bean) were pre-
sented. Participants produced a fourth word that related to the others via forming a compound word (e.g.,
coffee; Bowden & Jung-Beeman, 2003). The score was the total number of correct responses within 10 min.

Associative thinking
The Letter and Category Fluency tasks were indicators of associative thinking. The Letter Fluency task

(Borkowski, Benton, & Spreen, 1967) requires the oral production of as many words as possible beginning
with the letter B in 60 s (Strauss, Sherman, & Spreen, 2006). B is suitable for three predominant South Afri-
can languages (English, Afrikaans and isiXhosa; Ferrett et al., 2014). The Category Fluency task (Benton &
Hamsher, 1983) requires participants to produce examples of animals in 60 s orally. The number of correct
responses is the total score for each task.

Fluid intelligence
A shortened version of Raven’s Standard Progressive Matrices (SPM; Raven, Raven, & Court, 1998),

comprising three sets of 12 items (sets B, C and D; a = .92), served as a non-verbal estimate of fluid intelli-
gence. Participants viewed abstract black-and-white designs, each with a missing piece. They were given
unlimited time to select the missing items from among 6–8 response options. The number of correct
answers represented the total SPM score (Van der Elst et al., 2013).

Task-switching
The switch condition (Condition 3) of the DF test tapped task-switching. It comprises filled and unfilled

dots, and participants must draw as many designs as possible in 60 s by alternating between connecting
filled and unfilled dots. The task-switching score is the total number of correct designs produced within the
time limit (Delis et al., 2001).

Inhibition
The Victoria Stroop (VS) test assessed inhibition. It comprises three parts, each entailing viewing a card

containing four rows of six items. Each item is presented in either blue, green, yellow or red. Participants
must name the object’s color as quickly and accurately as possible. The first condition (D) comprised col-
ored dots, the second condition (W) included neutral words (hard, over, but, when) presented in colored
ink, and the last condition (C) comprised color names printed in colored ink incongruent with the written
names. Participants were interrupted if they made a mistake in naming, after which they corrected them-
selves and continued. Spontaneously corrected mistakes did not count as errors (Troyer, Leach, &
Strauss, 2006). Both speed (Time Interference) and accuracy (Error Interference) scores were calculated.
Time Interference was calculated by subtracting the sum of the time taken to complete condition W and the
time taken to complete condition D, divided by two, from the time taken to complete condition C. Error
interference was calculated by subtracting the sum of the errors made in condition W and the errors made
in condition D, divided by two, from the errors made in condition C (Caffarra, Vezzadini, Dieci, Zonato, &
Venneri, 2002).

RESULTS
DESCRIPTIVE STATISTICS

The data was analyzed using IBM SPSS Statistics for Windows Version 24 (IBM Corp, 2016) and IBM
SPSS Statistics Amos Version 26 (Arbuckle, 2020). Descriptive statistics and correlations for the respective
scores of all cognitive variables are presented in Table 2. The mean and median values are similar for most,
indicating approximately symmetrical data distributions (Marshall & Jonker, 2010). There are discrepancies
between the means and medians of the RAT, Time Interference and Error Interference, and an instance of
floor effects in the RAT. The outliers in the VS scores were checked to ensure they did not distort the SEM
results, which they did not, and were thus included in the analyses to avoid reducing the sample size
(Kline, 2016).
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STRUCTURAL EQUATION MODELING (SEM)
Multivariate structural equation modeling (SEM) investigated relationships between the constructs, with

maximum likelihood (ML) estimation. Based on the ratio of the sample-to-observed variables (N:p), the
data was adequate in size for SEM. In particular, the participant-to-item ratio was approximately 10:1,
where the sample size was 125, and the number of observed variables in the final model was 12 (Nunn-
ally, 1967). The data for this study also met additional assumptions for both SEM, including no multivariate
outliers and the absence of multicollinearity, as well as ML estimation, namely multivariate normality.

While the N:p ratio was deemed acceptable, the sample size is relatively small for SEM (Boomsma, 1982,
1985). Therefore, we took an incremental approach whereby we first individually tested smaller components
of the full-scale model. This was used to identify and address any issues that become apparent in the smaller
models and to demonstrate the contributions or limitations of each component of the full-scale model more
effectively. For example, by testing the small-scale models first, we could find and remove nonsignificant
relationship pathways and identify pathways that were not initially considered. Moreover, this approach was
used to evaluate the adequacy of the sample size for the full-scale model and, thus, assess the overall viability
of the full hypothesized model. Figures S1-S3 in the supplementary information document present the smal-
ler models. It is important to acknowledge that the deconstructed models and the complete, larger model
comprised single indicator latent variables (i.e., task-switching and convergent thinking), which may prove
problematic in model identification. To avoid model identification complications, we fixed the loading of
these factors to one, forced their errors to zero, and left their variances free to be estimated, which is suffi-
cient to statistically identify model latents (Hayduk & Littvay, 2012).

Model evaluation was based on regression coefficients (i.e., p-value and standard error) and the overall
model fit (i.e., model fit indices). The small-scale models and final model were assessed in terms of absolute
fit indices, including v2 goodness of fit test, and the root mean square error of approximation (RMSEA), as
well as comparative fit indices, namely the comparative fit index (CFI) and the Tucker-Lewis index (TLI).
The v2 test is sensitive to large sample sizes, with a large sample size yielding a significant v2. Given that
SEM requires a large sample size, it is recommended to consider this together with other model fit indices
(Alavi et al., 2020; Kline, 2016). A summary of the model fit indices and cutoff values used in this study is
provided in Table 3. Standardized residual covariances were also considered to assess model fit for the final
model. For correct models, most standardized residuals should be less than 1.96 (Kline, 2016). The small-
scale models and the final, large-scale model were also evaluated in terms of mediation effects using
Sobel’s (1982) test. Modifications to the small-scale models were made based on the above analysis results.
The final theoretical model comprised the accepted and modified smaller models, which were tested using
the same criteria.

Theoretical model
The modified models were combined into the full model (Figure 2). Fluid intelligence predicted inhibi-

tion, task-switching and associative thinking. Task-switching predicted associative thinking and associative
thinking predicted convergent and divergent thinking. Task-switching and associative thinking were identi-
fied as mediators.

The model was an adequate fit to the data (v2 = 95.926, df = 50, p < .001, RMSEA = .086, 90% CI
[.059, .111], TLI = .913, CFI = .944). While the Chi-square values were significant, the other model fit indi-
ces were just below the stipulated cutoff points. All standardized residual covariances were below 1.96; thus,
none were of concern regarding model fit. The standardized factor loadings for the indicators of each latent
variable appear in Figure 2 and loaded sufficiently onto the respective factors. Fluid intelligence significantly
predicted inhibition (b = �.52, z = � 4.405, p < .001), task-switching (b = .49, z = 5.691, p < .001) and
associative thinking (b = .73, z = 7.035, p < .001). Task-switching predicted associative thinking (b = .23,
z = 2.994, p = .003), and associative thinking significantly predicted both divergent thinking (b = .78,
z = 5.617, p < .001) and convergent thinking (b = .75, z = 7.754, p < .001). Sobel’s (1982) test of mediation
revealed a significant, full mediation effect of fluid intelligence on convergent thinking (z = 3.79, p < .001),
as well as divergent thinking (z = 3.7, p < .001) through associative thinking. Associative thinking did not
mediate the relationship between task-switching and divergent thinking (z = 1.90, p = .057) and convergent
thinking (z = 1.91, p = .056), respectively. There was a partial mediation effect (z = 1.98, p = .02) of fluid
intelligence on associative thinking through task-switching (16.15%).
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INVESTIGATING THE ROLE OF DEMOGRAPHIC VARIABLES IN CREATIVE THINKING
Since variances were not homogenous, Welch’s t-test and Welch’s ANOVA were used to assess whether

there were significant differences in task performance across age, multilingualism (conceptualized as the cat-
egories: monolingual, bilingual, or multilingual), SES, level of education and/or gender groups. A signifi-
cance level of a = .05 was applied, and t-tests were two-tailed. Where ANOVAs yielded significant group
differences, Games-Howell post hoc tests were employed due to a lack of homogeneity of variance (see
Tables 4 and 5). Effect sizes were calculated using Cohen’s d for t-tests and Eta squared (g2) for ANOVAs.
Cohen’s (1988) guidelines were used to interpret g2 values (g2 < .01: negligible; .01 ≤ g2 < .06: small;
.06 ≤ g2 < .14: medium; g2 ≥ .14: large) and empirically derived guidelines for Cohen’s d values were used
for effect size interpretation (values of .15, .36, and .65 being interpreted as small, medium, and large effects,
respectively; Lovakov & Agadullina, 2021).

Most demographic comparisons (age, multilingualism and gender) were not significant. However, the
younger age group (71–75 years) significantly outperformed older participants (76–85) on task-switching
(Condition 3; p = .041, g2 = .099). Additionally, monolinguals and bilinguals significantly outperformed
multilinguals on associative thinking (Category Fluency, p = .012, g2 = .096). The eta-squared values from
these analyses demonstrate a medium effect size, suggesting meaningful group differences. Regarding SES,
there were significant group differences on all the cognitive tests except for the indicators of inhibition
(Error Interference and Time Interference). For significant results, individuals with higher levels of SES out-
performed those from lower SES groups on divergent thinking, convergent thinking, associative thinking,
task-switching, and fluid intelligence. Most eta-squared values for significant results for SES indicated large
effect sizes, with the AUT (g2 = .128), DF Condition 1 (g2 = .094) and VS Time Interference (g2 = .094)
indicating a medium effect size and VS Error Interference (g2 = .054) indicating a small effect size. In terms
of level of education, there were significant group differences on all variables, with participants who have 13
or more years of education performing significantly better compared to those with fewer years of education.
Large effect sizes were found for all significant results except for Letter Fluency (d = .59), DF Condition 3
(d = .52), and Error Interference (d = .51), which all revealed medium effect sizes. Finally, Time Interfer-
ence (d = .46) showed a small effect size.

DISCUSSION
This study set out to develop and test a coherent theoretical model of creative thinking in older adults

to elucidate the cognitive functions underlying creative thinking. It also investigated the roles of demo-
graphic variables on the cognitive functions included in the model. Two main findings include the

TABLE 2. Descriptive Statistics and Correlations between Cognitive Variables

M Mdn SD
Min,
Max

Skewness Kurtosis 1 2

1. AUT 10.94 10 6.89 0, 29 0.47 �0.36 1
2. RAT 5.59 3 5.63 0, 21 0.88 �0.27 .519** 1
3. Letter Fluency 12.38 12 5.08 3, 24 0.12 �0.84 .472** .633**
4. Category Fluency 15.42 16 6.05 2, 33 0.25 0.203 .628** .629**
5. DF Condition 1 7.39 7 3.25 1, 19 0.71 0.83 .379** .422**
6. DF Condition 2 7.81 8 3.21 2,20 0.68 1.06 .499** .378**
7. DF Condition 3 5.12 5 2.54 0, 12 �0.05 �0.35 .484** .406**
8. SPM Set B 7.54 8 2.82 1, 12 �0.39 �0.77 .643** .589**
9. SPM Set C 6.22 7 2.87 0,12 �0.3 �0.75 .585** .651**
10. SPM
Set D

6.63 7 3.41 0, 12 �0.27 �1.07 .608** .620**

11. VS Time Interference 16.86 15 9.4 4.5, 56.5 1.62 3.45 �.254** �.248**
12. VS Error Interference 0.98 0 1.59 �1, 8 1.95 4.49 �.338** �.202*

Note. AUT = Alternative Uses Test; RAT = Remote Associates Test; DF = design fluency; SPM = Raven’s
standard progressive matrices; VS = victoria stroop; M = mean; Mdn = median; SD = standard deviation;
Min = minimum score; Max = maximum score. *p < .05. **p < .01.
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following: 1) creative thinking appears to be based on associative processing, and 2) executive functions
operate as a second layer of information processing in this sample. The finding that associative thinking pre-
dicts both divergent and convergent thinking corroborates the evidence of significant relationships between
these variables (Beaty, Silvia, et al., 2014; Benedek et al., 2012; Lee & Therriault, 2013; Marko &
Rie�cansk�y, 2018) and suggests an associative basis for creative thinking. This supports Mednick’s (1962)
associative theory of creativity, which maintains that creative thinking relies on the establishment, activation
and fluent retrieval of associations between weakly related, remote concepts that are combined into
novel yet feasible ideas. These findings suggest that individual differences in both divergent and convergent
thinking may be attributed to differences in semantic memory structure, but this would warrant further
investigation (Benedek et al., 2017). Our model demonstrates that divergent and convergent thinking are
significant role players in older adults’ creative thinking, with divergent thinking generating multiple

3 4 5 6 7 8 9 10 11 12

1
.610** 1
.414** .472** 1
.495** .508** .712** 1
.413** .437** .418** .446** 1
.537** .640** .411** .558** .401** 1
.466** .610** .409** .542** .425** .790** 1
.541** .620** .420** .475** .431** .721** .809** 1

�.209* �.299** �0.097 �.237** �.231* �.298** �.272** �.301** 1
�.218* �.283** �.184* �.275** �.372** �.336** �.321** �.342** .504** 1

FIGURE 2. Full model of the relationship between fluid intelligence, inhibition, task-switching, associative
thinking, divergent thinking and convergent thinking. *p < .05, **p < .01.
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potential solutions to a problem and convergent thinking subsequently evaluating these candidate solutions
(Kharkhurin, 2012).

The second key finding was that executive functions (fluid intelligence and task-switching) influence and
direct the bottom-up processes implicated in creative thinking, such as associative thinking. Together, the
findings that fluid intelligence predicted all components of creative thinking (i.e., divergent, convergent and
associative thinking) and that associative thinking functions as a mediator between fluid intelligence and
both divergent and convergent thinking support earlier findings (Lee & Therriault, 2013), and suggest that
semantic network structures form the basis of creative thinking upon which higher-order cognitive functions
operate (Kenett, 2018). Our results corroborate evidence of the overarching role of associative processes in
both divergent thinking and measures of intelligence (Benedek et al., 2012) and extend these findings by
demonstrating that, as for divergent thinking, associative processes are central to convergent thinking.

Fluid intelligence and, to a degree, task-switching predicted aspects of creative thinking in our model.
These relationships are accounted for in the two-component model of semantic exploration (Troyer
et al., 1997). The model identifies two factors that optimize information retrieval from semantic memory:
the network’s structural properties and task-switching. The highly structured semantic networks characteris-
tic of individuals with high levels of fluid intelligence facilitate efficient and rapid information retrieval by
organizing concepts in a modular or locally clustered manner (Faust & Kenett, 2014; Kenett et al., 2016).
Task-switching mitigates exploration limitations by enabling flexible shifting to alternative semantic fields,
which extends the exploration of the network and allows the spread of activation to reach more remote
associations.

Unexpectedly, inhibition did not directly predict convergent thinking (RAT) aspects of creative thinking.
This suggests that the RAT reflects the ability to coherently activate, retrieve and combine remote concepts
in semantic networks without much executive control. This implies that convergent thinking relies on more
automatic and associative processes than initially thought. As such, the absence of inhibitory control may
improve the spread of activation in semantic memory and, consequently, enable more distantly related
information to enter working memory for further processing (Marko, Michalko, & Rie�cansk�y, 2019). These
findings provide further evidence to suggest that divergent and convergent thinking aspects of creative
thinking are considerably integrated (Sowden et al., 2015). Specifically, while tasks that engage more conver-
gent modes of processing may benefit from step-wise, analytical processes, solutions to these tasks may also
emerge through unconscious, automatic and associative processes. In this sense, convergent thinking may
have more in common with generative, Type-1 processing and shares similarities with divergent thinking.
Likewise, solutions on measures of divergent thinking may emerge not only through unconscious, associative
processes but can also occur through effortful, explicit and controlled thinking. However, this study did not
consider the degree to which divergent thinking engages these higher-order executive functions, namely
inhibitory control. An alternative explanation is that inhibition is a general characteristic of executive func-
tion rather than a specific, distinct component (Hommel, 2015). For example, if multiple conflicting
response tendencies are present, the inhibitory system must identify which response to inhibit. Such a sys-
tem would, therefore, require access to a representation of the stimulus–response rules and the ability to
apply these rules to identify the correct response tendency and subsequently employ that information to
inhibit inappropriate responses. In other words, this inhibitory system presumably entails some form of
intelligence to identify those response tendencies to inhibit. So, perhaps inhibition is an emergent property
of other executive processes, such as fluid intelligence or task-switching, rather than an entirely separate

TABLE 3. Summary of the Model Fit Indices and Cutoff Values

Index Cutoff criteria References

v2 Non-significant statistic (Barrett, 2007)
RMSEA ≤.05; close fit ≤ .10; adequate (MacCallum, Browne, & Sugawara, 1996)
TLI ≥.95; excellent .90 ≤ TLI < .95; adequate (Hooper, Coughlan, & Mullen, 2008)
CFI ≥.95; excellent .90 ≤ CFI < .95; adequate (Hu & Bentler, 1999)

(Schumacker & Lomax, 2010)

Note. CFI = comparative fit index; RMSEA = root mean square error of approximation; TLI = Tucker-
Lewis index.
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function. There is evidence for this since inhibition correlates with a common factor shared by other execu-
tive functions, namely updating and shifting (Miyake & Friedman, 2012), suggesting that the influence of
other executive functions may obscure the role of inhibition in creative thinking.

Our findings have some theoretical implications. By demonstrating that creative thinking involves both
associative and higher-order cognitive functions, this study provides supportive evidence for the dual-
process theory of creativity. In this theory, creative thinking relies on associative processes during the gener-
ative stage to formulate novel output and higher-order processes during the analytic, evaluative stage, which
are required to refine initial output into a useful and valuable form (Sowden et al., 2015). Hence, both asso-
ciative processes and higher-order cognitive functions are required to produce output that meets both the
novelty and usefulness criteria of creativity. Additionally, the observation that the effect pathways proceeding
from fluid intelligence, and possibly task-switching, to divergent and convergent thinking, which pass
through associative thinking, suggests that associative thinking functions as a hub for, or is central to, crea-
tive thinking, which supports a recent review highlighting the central role of associative thinking in the crea-
tive thinking (Beaty & Kenett, 2023). Moreover, our results suggest that, in addition to associative processes,
fluid intelligence is common to several components of creative thinking, namely associative thinking, diver-
gent thinking and convergent thinking.

The second part of our study explored whether there were differences in the measures of cognitive func-
tions in our model of creative thinking across demographic groups. Age, multilingualism and gender had lit-
tle influence, with age only influencing task-switching, and multilingualism only affecting semantic fluency
aspects of associative thinking. In contrast, level of education affected all of the cognitive processes except
Time Interference, which had a small effect size, and SES affected most of the functions except for the two

TABLE 5. Summary of Group Statistics and Welch’s t-test for Gender and Level of Education

Variable Test t df p MD
Std. Error
Difference

d

Gender AUT �.74 106 .461 �.896 1.21 �.13
RAT �.862 87 .391 �.914 1.06 �.162
Letter Fluency �.72 98 .474 �.663 .921 �.13
Category Fluency �.592 96 .555 �.654 1.104 �.108
DF Condition 1 �1.351 101 .18 �.78 .578 �.241
DF Condition 2 �1.594 115 .114 �.861 .54 �.27
DF Condition 3 .407 80 .685 .201 .493 .079
Set B .475 92 .636 .248 .522 .088
Set C �.615 87 .54 �.333 .542 �.116
Set D �1.092 89 .278 �.695 .636 �.204
Time Interference .725 93 .47 1.2569 1.733 .133
Error Interference �.662 120 .509 �.1734 .262 �.109

Level of education AUT �6.076 119 <.001** �6.608 1.087 1.09
RAT �4.831 107 <.001** �4.490 .929 .86
Letter Fluency �3.301 123 .001* �2.886 .874 .59
Category Fluency �4.145 123 <.001** �4.215 1.017 .74
DF Condition 1 �5.191 121 <.001** �2.742 .528 .93
DF Condition 2 �5.987 121 <.001** �3.037 .507 1.07
DF Condition 3 �2.873 123 .005* �1.266 .441 .52
Set B �6.775 120 <.001** �2.921 .431 1.21
Set C �6.539 118 <.001** �2.900 .443 1.17
Set D �6.318 117 <.001** �3.354 .531 1.13
Time Interference 2.581 90 .011* 4.2266 1.6374 .46
Error Interference 2.855 95 .005* .7844 .2747 .51

Note. AUT = Alternative Uses Test; d = Cohen’s d; df = degrees of freedom; DF = design fluency;
MD = mean difference (Mmales – Mfemales for gender variable); RAT = Remote Associates Test;
SPM = Raven’s Standard Progressive Matrices; VS = Victoria Stroop. *p < .05. **p < .01.
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inhibition measures. Higher levels of both education and SES corresponded with better task performance.
These findings corroborate consistent reports of a positive association between creative performance and
both levels of education and SES in younger participants (Acar et al., 2022; Castillo-Vergara et al., 2018; Dai
et al., 2012; Niu, 2007; W. Zhang & Niu, 2013). Education and higher SES provide exposure to information,
knowledge and general experiences, thereby increasing learning and cognitive flexibility and providing a bet-
ter context for problem-solving and reasoning (Hackman et al., 2010).

Finally, it is important to acknowledge some of the study’s limitations. Methodologically, a sample size
of less than 200 is considered relatively small for SEM (Kline, 2016), and such a specified sample limits the
findings to older adults who are predominantly bi- or multilingual. There are also limitations regarding the
measure used in this study. Firstly, the scoring method used for the AUT equates scores with verbal fluency
and, therefore, may overlook other aspects of divergent thinking, namely flexibility and originality. Future
research could use multiple criteria, namely originality, flexibility, fluency and elaboration, to evaluate diver-
gent thinking. Additionally, given the time limitations, the be-fluent instructions and the fluency method
involved in Conditions 1 and 2 of the DF test may be characteristic of general retrieval ability rather than
measures of divergent thinking. Future research could use alternative measures of divergent thinking than
the DF test conditions. There are also possible limitations in using the RAT due to its high English demand.
Thus, native speakers have an advantage compared to those with English as an additional language (Toivai-
nen, Olteteanu, Repeykova, Likhanov, & Kovas, 2019). Future research can address these limitations by
diversifying the sample and using the Visual RAT (vRAT) to minimize language bias (Toivainen
et al., 2019).

CONCLUSION
Creativity is a multifaceted construct (Dietrich, 2019) and its underlying cognitive processes are not well

specified (Reiter-Palmon, 2014). This study contributes to a clearer understanding of the processes impli-
cated in creative thinking in an under-researched sample, namely older adults. We found that creative think-
ing involves the joint roles of divergent and convergent thinking, which have an associative basis, and
higher-order cognitive functions, such as fluid intelligence, which influence divergent and convergent think-
ing via associative thinking and task-switching. Therefore, semantic memory may be directly related to both
components of creative thinking through its structural properties (bottom-up, associative account) or indi-
rectly by functioning as the basis upon which executive functions operate (top-down, executive account).
Our model supports dual-process models of creativity. These cognitive processes were influenced by level of
SES and education.

CONFLICT OF INTEREST
The authors declare they have no conflict of interest.

ETHICS APPROVAL
The study was approved by the Human Research Ethics Committee (Medical) of the University of the

Witwatersrand and granted ethical clearance (protocol number: M180726).

AUTHOR CONTRIBUTIONS
Stephanie Alcock: Study conceptualisation and design, data collection, assessment of participants (admin-

istration and scoring), data capturing, statistical analysis, and writing of the manuscript. Aline Ferreira-
Correia: Study conceptualisation and design, study supervision, and critical revision of the manuscript for
important intellectual content. Kate Cockcroft: Study supervision, and critical revision of the manuscript for
important intellectual content.

FUNDING INFORMATION
This work is based on the research supported by the National Institute for the Humanities and Social

Sciences. The financial assistance of the National Research Foundation (NRF) toward this research is hereby
acknowledged. Opinions expressed and conclusions arrived at, are those of the author and are not necessar-
ily to be attributed to the NRF.

776

Creative Cognition in Older Adults

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the corresponding author upon rea-

sonable request.

REFERENCES

Abdulla Alabbasi, A.M., Thompson, T.L., Runco, M.A., Alansari, L.A., & Ayoub, A.E.A. (2022). Gender differences in creative
potential: A meta-analysis of mean differences and variability. Psychology of Aesthetics, Creativity, and the Arts. Advance online
publication. doi: 10.1037/aca0000506.

Abraham, A. (2014). Creative thinking as orchestrated by semantic processing vs. cognitive control brain networks. Frontiers in
Human Neuroscience, 8, 95; doi: 10.3389/fnhum.2014.00095.

Acar, S., Tadik, H., Uysal, R., Myers, D., & Inetas, B. (2022). Socio-economic status and creativity: A meta-analysis. The Journal of
Creative Behavior, 57(1), 138–172; doi: 10.1002/jocb.568.

Adi-Japha, E., Berberich-Artzi, J., & Libnawi, A. (2010). Cognitive flexibility in drawings of bilingual children. Child Development,
81(5), 1356–1366; doi: 10.1111/j.1467-8624.2010.01477.x.

Akbari Chermahini, S., Hickendorff, M., & Hommel, B. (2012). Development and validity of a Dutch version of the Remote Asso-
ciates Task: An item-response theory approach. Thinking Skills and Creativity, 7(3), 177–186; doi: 10.1016/j.tsc.2012.02.003.

Akhtar, H., & Kartika, Y. (2019). Intelligence and creativity: An investigation of threshold theory and its implications. Journal of
Educational and Psychology, 9(1), 131–138.

Alavi, M., Visentin, D.C., Thapa, D.K., Hunt, G.E., Watson, R., & Cleary, M. (2020). Chi-square for model fit in confirmatory fac-
tor analysis. Journal of Advanced Nursing, 76(9), 2209–2211; doi: 10.1111/jan.14399.

Anwar, M.N., Shamim-ur-Rasool, S., & Haq, R. (2012). A comparison of creative thinking abilities of high and low achievers sec-
ondary school students. International Interdisciplinary Journal of Education, 1(217), 1–10.

Arbuckle, J.L. (2020). Amos (Version 26.0) [Computer Program]. New York, NY: IBM Corp.

Arden, R., Chavez, R.S., Grazioplene, R., & Jung, R.E. (2010). Neuroimaging creativity: A psychometric view. Behavioural Brain
Research, 214(2), 143–156; doi: 10.1016/j.bbr.2010.05.015.

Barr, N. (2018). Intuition, reason, and creativity: An integrative dual-process perspective. In G. Pennycook (Ed.), The New Reflec-
tionism in Cognitive Psychology (pp. 99–124). London: Routledg.

Barrett, P. (2007). Structural equation modelling: Adjudging model fit. Special Issue on Structural Equation Modeling, 42(5),
815–824; doi: 10.1016/j.paid.2006.09.018.

Beaty, R.E., & Kenett, Y.N. (2023). Associative thinking at the core of creativity. Trends in Cognitive Sciences, 27, 671–683; doi: 10.
1016/j.tics.2023.04.004.

Beaty, R.E., Nusbaum, E.C., & Silvia, P.J. (2014). Does insight problem solving predict real-world creativity? Psychology of Aesthetics,
Creativity, and the Arts, 8, 287–292; doi: 10.1037/a0035727.

Beaty, R.E., Silvia, P.J., Nusbaum, E.C., Jauk, E., & Benedek, M. (2014). The roles of associative and executive processes in creative
cognition. Memory and Cognition, 42(7), 1186–1197; doi: 10.3758/s13421-014-0428-8.

Beaty, R.E., Zeitlen, D.C., Baker, B.S., & Kenett, Y.N. (2021). Forward flow and creative thought: Assessing associative cognition
and its role in divergent thinking. Thinking Skills and Creativity, 41, 100859; doi: 10.1016/j.tsc.2021.100859.

Benedek, M., & Jauk, E. (2019). Creativity and cognitive control. In J.C. Kaufman (Ed.), The Cambridge handbook of creativity (2nd
edn, pp. 200–223). Cambridge: Cambridge University Press; doi: 10.1017/9781316979839.012.

Benedek, M., Jauk, E., Sommer, M., Arendasy, M., & Neubauer, A.C. (2014). Intelligence, creativity, and cognitive control: The
common and differential involvement of executive functions in intelligence and creativity. Intelligence, 46, 73–83; doi: 10.1016/
j.intell.2014.05.007.

Benedek, M., Kenett, Y.N., Umdasch, K., Anaki, D., Faust, M., & Neubauer, A.C. (2017). How semantic memory structure and
intelligence contribute to creative thought: A network science approach. Thinking and Reasoning, 23(2), 158–183; doi: 10.1080/
13546783.2016.1278034.

Benedek, M., K€onen, T., & Neubauer, A.C. (2012). Associative abilities underlying creativity. Psychology of Aesthetics, Creativity, and
the Arts, 6(3), 273; doi: 10.1037/a0027059.

Benedek, M., M€uhlmann, C., Jauk, E., & Neubauer, A.C. (2013). Assessment of divergent thinking by means of the subjective top-
scoring method: Effects of the number of top-ideas and time-on-task on reliability and validity. Psychology of Aesthetics, Crea-
tivity, and the Arts, 7, 341–349; doi: 10.1037/a0033644.

Benton, A.L., & Hamsher, K.D. (1983). Multilingual aphasia examination: Manual of instructions. Iowa: Department of Neurology
and Psychology, University of Iowa.

Boomsma, A. (1982). The Robustness of LISREL against small sample sizes in factor analysis models. In K.G. J€oreskog & H. Wold
(Eds.), Systems under indirection observation: Causality, structure, prediction (Part I) (pp. 149–173). Amsterdam, Netherlands:
North Holland.

Boomsma, A. (1985). Nonconvergence, improper solutions, and starting values in lisrel maximum likelihood estimation. Psychome-
trika, 50(2), 229–242; doi: 10.1007/BF02294248.

Borkowski, J.G., Benton, A.L., & Spreen, O. (1967). Word fluency and brain damage. Neuropsychologia, 5(2), 135–140; doi: 10.
1016/0028-3932(67)90015-2.

777

Journal of Creative Behavior

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1037/aca0000506
https://doi.org/10.3389/fnhum.2014.00095
https://doi.org/10.1002/jocb.568
https://doi.org/10.1111/j.1467-8624.2010.01477.x
https://doi.org/10.1016/j.tsc.2012.02.003
https://doi.org/10.1111/jan.14399
https://doi.org/10.1016/j.bbr.2010.05.015
https://doi.org/10.1016/j.paid.2006.09.018
https://doi.org/10.1016/j.tics.2023.04.004
https://doi.org/10.1016/j.tics.2023.04.004
https://doi.org/10.1037/a0035727
https://doi.org/10.3758/s13421-014-0428-8
https://doi.org/10.1016/j.tsc.2021.100859
https://doi.org/10.1017/9781316979839.012
https://doi.org/10.1016/j.intell.2014.05.007
https://doi.org/10.1016/j.intell.2014.05.007
https://doi.org/10.1080/13546783.2016.1278034
https://doi.org/10.1080/13546783.2016.1278034
https://doi.org/10.1037/a0027059
https://doi.org/10.1037/a0033644
https://doi.org/10.1007/BF02294248
https://doi.org/10.1016/0028-3932(67)90015-2
https://doi.org/10.1016/0028-3932(67)90015-2


Bowden, E.M., & Jung-Beeman, M. (2003). Normative data for 144 compound remote associate problems. Behavior Research
Methods, 35(4), 634–639; doi: 10.3758/BF03195543.

Caffarra, P., Vezzadini, G., Dieci, F., Zonato, F., & Venneri, A. (2002). Una versione abbreviata del test di Stroop: Dati normativi
nella popolazione italiana. Nuova Rivista di Neurologia, 12(4), 111–115.

Castillo-Vergara, M., Barrios Galleguillos, N., Jofr�e Cuello, L., Alvarez-Marin, A., & Acu~na-Opazo, C. (2018). Does socioeconomic
status influence student creativity? Thinking Skills and Creativity, 29, 142–152; doi: 10.1016/j.tsc.2018.07.005.

Charyton, C. (2005). Creativity (scientific, artistic, general) and risk tolerance among engineering and music students (p. 66). Ann
Arbor, MI: ProQuest Information & Learning, US.

Cheng, L., Hu, W., Jia, X., & Runco, M.A. (2016). The different role of cognitive inhibition in early versus late creative problem
finding. Psychology of Aesthetics, Creativity, and the Arts, 10(1), 32–41; doi: 10.1037/aca0000036.

Chertkow, H., Nasreddine, Z.S., Johns, E., Phillips, N.A., & McHenry, C. (2011). The Montreal cognitive assessment (MoCA): Vali-
dation of alternate forms and new recommendations for education corrections. Alzheimer’s and Dementia, 7, 157; doi: 10.
1016/j.jalz.2011.05.423.

Cheung, P.C., Lau, S., Chan, D.W., & Wu, W.Y.H. (2004). Creative potential of school children in Hong Kong: Norms of the
Wallach-Kogan creativity tests and their implications. Creativity Research Journal, 16(1), 69–78; doi: 10.1207/
s15326934crj1601_7.

Chrysikou, E.G. (2019). Creativity in and out of (cognitive) control. Current Opinion in Behavioral Sciences, 27, 94–99; doi: 10.
1016/j.cobeha.2018.09.014.

Chrysikou, E.G., & Weisberg, R.W. (2005). Following the wrong footsteps: Fixation effects of pictorial examples in a design
problem-solving task. Journal of Experimental Psychology: Learning, Memory, and Cognition, 31(5), 1134–1148; doi: 10.1037/
0278-7393.31.5.1134.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Mahwah, NJ: Lawrence Erlbaum Associates Publishers.

Colzato, L.S., Szapora, A., Pannekoek, J.N., & Hommel, B. (2013). The impact of physical exercise on convergent and divergent
thinking. Frontiers in Human Neuroscience, 7, 824; doi: 10.3389/fnhum.2013.00824.

Cosgrove, A.L., Kenett, Y.N., Beaty, R.E., & Diaz, M.T. (2021). Quantifying flexibility in thought: The resiliency of semantic net-
works differs across the lifespan. Cognition, 211, 104631; doi: 10.1016/j.cognition.2021.104631.

Crockett, S.A. (2012). A five-step guide to conducting SEM analysis in counseling research. Counseling Outcome Research and Eval-
uation, 3, 30–47; doi: 10.1177/2150137811434142.

Cropley, A. (2006). In praise of convergent thinking. Creativity Research Journal, 18(3), 391–404; doi: 10.1207/s15326934crj1803_13.

Cushen, P.J., & Wiley, J. (2011). Aha! Voila! Eureka! Bilingualism and insightful problem solving. Learning and Individual Differ-
ences, 21(4), 458–462; doi: 10.1016/j.lindif.2011.02.007.

Dai, D.Y., Tan, X., Marathe, D., Valtcheva, A., Pruzek, R.M., & Shen, J. (2012). Influences of social and educational environments on cre-
ativity during adolescence: Does SES matter? Creativity Research Journal, 24(2–3), 191–199; doi: 10.1080/10400419.2012.677338.

Dane, E. (2010). Reconsidering the trade-off between expertise and flexibility: A cognitive entrenchment perspective. Academy of
Management Review, 35(4), 579–603; doi: 10.5465/amr.35.4.zok579.

Daucourt, M.C., Schatschneider, C., Connor, C.M., Al Otaiba, S., & Hart, S.A. (2018). Inhibition, updating working memory, and
shifting predict reading disability symptoms in a hybrid model: Project KIDS. Frontiers in Psychology, 9, 238; doi: 10.3389/
fpsyg.2018.00238.

Delis, D., Kaplan, E., & Kramer, J. (2001). Delis-Kaplan Executive Function System: Examiner’s manual. San Antonio, TX: The Psy-
chological Corporation.

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135–168; doi: 10.1146/annurev-psych-113011-143750.

Dietrich, A. (2019). Types of creativity. Psychonomic Bulletin & Review, 26(1), 1–12; doi: 10.3758/s13423-018-1517-7.

Dorfman, L., Martindale, C., Gassimova, V., & Vartanian, O. (2008). Creativity and speed of information processing: A double dis-
sociation involving elementary versus inhibitory cognitive tasks. Personality and Individual Differences, 44, 1382–1390; doi: 10.
1016/j.paid.2007.12.006.

Faust, M., & Kenett, Y.N. (2014). Rigidity, chaos and integration: Hemispheric interaction and individual differences in metaphor
comprehension. Frontiers in Human Neuroscience, 8, 511; doi: 10.3389/fnhum.2014.00511.

Ferrett, H.L., Carey, P.D., Baufeldt, A.L., Cuzen, N.L., Conradie, S., Dowling, T., . . . Thomas, K.G.F. (2014). Assessing phonemic
fluency in multilingual contexts: Letter selection methodology and demographically stratified norms for three South African
language groups. International Journal of Testing, 14(2), 143–167; doi: 10.1080/15305058.2013.865623.

Finke, R.A., Ward, T.B., & Smith, S.M. (1992). Creative cognition: Theory, research, and applications. Cambridge, MA: MIT Press.

Forthmann, B., Jendryczko, D., Scharfen, J., Kleinkorres, R., Benedek, M., & Holling, H. (2019). Creative ideation, broad retrieval
ability, and processing speed: A confirmatory study of nested cognitive abilities. Intelligence, 75, 59–72; doi: 10.1016/j.intell.
2019.04.006.

Foster, P.S., Hubbard, T., Campbell, R.W., Poole, J., Pridmore, M., Bell, C., & Harrison, D.W. (2017). Spreading activation in emo-
tional memory networks and the cumulative effects of somatic markers. Brain Informatics, 4(2), 85–93; doi: 10.1007/s40708-
016-0054-2.

Friedman, N.P., & Miyake, A. (2017). Unity and diversity of executive functions: Individual differences as a window on cognitive
structure. Cortex, 86, 186–204; doi: 10.1016/j.cortex.2016.04.023.

Frith, E., Kane, M.J., Welhaf, M.S., Christensen, A.P., Silvia, P.J., & Beaty, R.E. (2021). Keeping creativity under control: Contribu-
tions of attention control and fluid intelligence to divergent thinking. Creativity Research Journal, 33(2), 138–157; doi: 10.
1080/10400419.2020.1855906.

778

Creative Cognition in Older Adults

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3758/BF03195543
https://doi.org/10.1016/j.tsc.2018.07.005
https://doi.org/10.1037/aca0000036
https://doi.org/10.1016/j.jalz.2011.05.423
https://doi.org/10.1016/j.jalz.2011.05.423
https://doi.org/10.1207/s15326934crj1601_7
https://doi.org/10.1207/s15326934crj1601_7
https://doi.org/10.1016/j.cobeha.2018.09.014
https://doi.org/10.1016/j.cobeha.2018.09.014
https://doi.org/10.1037/0278-7393.31.5.1134
https://doi.org/10.1037/0278-7393.31.5.1134
https://doi.org/10.3389/fnhum.2013.00824
https://doi.org/10.1016/j.cognition.2021.104631
https://doi.org/10.1177/2150137811434142
https://doi.org/10.1207/s15326934crj1803_13
https://doi.org/10.1016/j.lindif.2011.02.007
https://doi.org/10.1080/10400419.2012.677338
https://doi.org/10.5465/amr.35.4.zok579
https://doi.org/10.3389/fpsyg.2018.00238
https://doi.org/10.3389/fpsyg.2018.00238
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.3758/s13423-018-1517-7
https://doi.org/10.1016/j.paid.2007.12.006
https://doi.org/10.1016/j.paid.2007.12.006
https://doi.org/10.3389/fnhum.2014.00511
https://doi.org/10.1080/15305058.2013.865623
https://doi.org/10.1016/j.intell.2019.04.006
https://doi.org/10.1016/j.intell.2019.04.006
https://doi.org/10.1007/s40708-016-0054-2
https://doi.org/10.1007/s40708-016-0054-2
https://doi.org/10.1016/j.cortex.2016.04.023
https://doi.org/10.1080/10400419.2020.1855906
https://doi.org/10.1080/10400419.2020.1855906


Fryer, M. (2012). Some key issues in creativity research and evaluation as seen from a psychological perspective. Creativity Research
Journal, 24(1), 21–28; doi: 10.1080/10400419.2012.649236.

Furnham, A., Crump, J., Batey, M., & Chamorro-Premuzic, T. (2009). Personality and ability predictors of the “Consequences” Test
of divergent thinking in a large non-student sample. Personality and Individual Differences, 46(4), 536–540; doi: 10.1016/j.paid.
2008.12.007.

Gerwig, A., Miroshnik, K., Forthmann, B., Benedek, M., Karwowski, M., & Holling, H. (2021). The relationship between intelli-
gence and divergent thinking—A meta-analytic update. Journal of Intelligence, 9(2), 23; doi: 10.3390/jintelligence9020023.

Gilhooly, K.J., Fioratou, E., Anthony, S., & Wynn, V. (2007). Divergent thinking: Strategies and executive involvement in generating
novel uses for familiar objects. British Journal of Psychology, 98(4), 611–625; doi: 10.1348/096317907X173421.

Graf, C. (2008). The Lawton instrumental activities of Daily Living Scale. The American Journal of Nursing, 108(4), 52–62.

Guilford, J.P. (1967). The nature of human intelligence. New York, NY: McGraw-Hill.

Guilford, J.P., Christensen, P.R., Merrifield, P.R., & Wilson, R.C. (1978). Alternate Uses (Form B, Form C). Orange, CA: Sheridan
Psychological Services.

Hackman, D.A., Farah, M.J., & Meaney, M.J. (2010). Socioeconomic status and the brain: Mechanistic insights from human and
animal research. Nature Reviews. Neuroscience, 11(9), 651–659; doi: 10.1038/nrn2897.

Haupt, P. (2016). The SAARF Universal Living Standards Measure (SU-LSMTM) -12 years of continuous development. Bryanston:
South African Audience Research Foundation (SAARF).

Hayduk, L.A., & Littvay, L. (2012). Should researchers use single indicators, best indicators, or multiple indicators in structural
equation models? BMC Medical Research Methodology, 12(1), 159; doi: 10.1186/1471-2288-12-159.

Heilman, K.M., & Fischler, I.S. (2018). Creativity and the aging brain. In The Cambridge handbook of the neuroscience of creativity
(pp. 476–492). Cambridge: Cambridge University Press; doi: 10.1017/9781316556238.028.

Hommel, B. (2015). Between persistence and flexibility: The Yin and Yang of action control. In A.J. Elliot (Ed.), Advances in moti-
vation science (Vol. 2, pp. 33–67). New York, NY: Elsevier.

Hommel, B., Akbari Chermahini, S., Wildenberg, W., & Colzato, L.S. (2011). Cognitive control of convergent and divergent think-
ing: A control-state approach to human creativity. Google Scholar.

Hong, E., Peng, Y., O’Neil, H.F., Jr., & Wu, J. (2013). Domain-general and domain-specific creative-thinking tests: Effects of gender
and item content on test performance. The Journal of Creative Behavior, 47(2), 89–105; doi: 10.1002/jocb.26.

Hooper, D., Coughlan, J., & Mullen, M.R. (2008). Structural equation modelling: Guidelines for determining model fit. Electronic
Journal of Business Research Methods, 6(1), 53–60.

Hu, L., & Bentler, P.M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new
alternatives. Structural Equation Modeling, 6, 1–55; doi: 10.1080/10705519909540118.

IBM Corp. (2016). IBM SPSS Statistics for Windows, Version 24.0. New York, NY: IBM Corp.

Jaarsveld, S., Lachmann, T., & van Leeuwen, C. (2012). Creative reasoning across developmental levels: Convergence and divergence
in problem creation. Intelligence, 40, 172–188; doi: 10.1016/j.intell.2012.01.002.

Karwowski, M., Jankowska, D.M., Gralewski, J., Gajda, A., Wi�sniewska, E., & Lebuda, I. (2016). Greater male variability in creativ-
ity: A latent variables approach. Thinking Skills and Creativity, 22, 159–166; doi: 10.1016/j.tsc.2016.10.005.

Kaufman, J.C., & Baer, J. (2004). The Amusement Park Theoretical (APT) Model of Creativity. Korean Journal of Thinking and
Problem Solving, 14(2), 15–25.

Kenett, Y.N. (2018). Going the extra creative mile: The role of semantic distance in creativity—Theory, research, and measurement.
In The Cambridge handbook of the neuroscience of creativity (pp. 233–248). Cambridge: Cambridge University Press; doi: 10.
1017/9781316556238.014.

Kenett, Y.N., Beaty, R.E., Silvia, P.J., Anaki, D., & Faust, M. (2016). Structure and flexibility: Investigating the relation between the
structure of the mental lexicon, fluid intelligence, and creative achievement. Psychology of Aesthetics, Creativity, and the Arts,
10(4), 377–388; doi: 10.1037/aca0000056.

Kharkhurin, A.V. (2009). The role of bilingualism in creative performance on divergent thinking and invented alien creatures tests.
The Journal of Creative Behavior, 43(1), 59–71; doi: 10.1002/j.2162-6057.2009.tb01306.x.

Kharkhurin, A.V. (2011). The role of selective attention in bilingual creativity. Creativity Research Journal, 23, 239–254; doi: 10.
1080/10400419.2011.595979.

Kharkhurin, A.V. (2012). Multilingualism and creativity (Vol. 88). Bristol: Multilingual matters.

Kim, D., & Runco, M.A. (2022). Role of cognitive flexibility in Bilingualism and creativity. Journal of Creativity, 32(3), 100032; doi:
10.1016/j.yjoc.2022.100032.

Kline, R.B. (2016). Principles and practice of structural equation modeling. New York, NY: Guilford publications.

Kohn, N.W., & Smith, S.M. (2011). Collaborative fixation: Effects of others’ ideas on brainstorming. Applied Cognitive Psychology,
25(3), 359–371; doi: 10.1002/acp.1699.

Kostandyan, М.E., & Ledovaya, Y.A. (2013). How the age of language acquisition relates to creativity. Procedia - Social and Behav-
ioral Sciences, 86, 140–145; doi: 10.1016/j.sbspro.2013.08.539.

Kousoulas, F., & Mega, G. (2009). Students’ divergent thinking and teachers’ ratings of creativity: Does gender play a role? The
Journal of Creative Behavior, 43(3), 209–222; doi: 10.1002/j.2162-6057.2009.tb01315.x.

Lange, K.V., Hopman, E.W.M., Zemla, J.C., & Austerweil, J.L. (2020). Evidence against a relation between bilingualism and creativ-
ity. PLoS ONE, 15(6), e0234928; doi: 10.1371/journal.pone.0234928

779

Journal of Creative Behavior

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1080/10400419.2012.649236
https://doi.org/10.1016/j.paid.2008.12.007
https://doi.org/10.1016/j.paid.2008.12.007
https://doi.org/10.3390/jintelligence9020023
https://doi.org/10.1348/096317907X173421
https://doi.org/10.1038/nrn2897
https://doi.org/10.1186/1471-2288-12-159
https://doi.org/10.1017/9781316556238.028
https://doi.org/10.1002/jocb.26
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/j.intell.2012.01.002
https://doi.org/10.1016/j.tsc.2016.10.005
https://doi.org/10.1017/9781316556238.014
https://doi.org/10.1017/9781316556238.014
https://doi.org/10.1037/aca0000056
https://doi.org/10.1002/j.2162-6057.2009.tb01306.x
https://doi.org/10.1080/10400419.2011.595979
https://doi.org/10.1080/10400419.2011.595979
https://doi.org/10.1016/j.yjoc.2022.100032
https://doi.org/10.1002/acp.1699
https://doi.org/10.1016/j.sbspro.2013.08.539
https://doi.org/10.1002/j.2162-6057.2009.tb01315.x
https://doi.org/10.1371/journal.pone.0234928


Lee, C.S., Huggins, A.C., & Therriault, D.J. (2014). A measure of creativity or intelligence? Examining internal and external struc-
ture validity evidence of the Remote Associates Test. Psychology of Aesthetics, Creativity, and the Arts, 8(4), 446–460; doi: 10.
1037/a0036773.

Lee, C.S., & Therriault, D.J. (2013). The cognitive underpinnings of creative thought: A latent variable analysis exploring the roles
of intelligence and working memory in three creative thinking processes. Intelligence, 41(5), 306–320; doi: 10.1016/j.intell.2013.
04.008.

Leon, S.A., Altmann, L.J., Abrams, L., Gonzalez Rothi, L.J., & Heilman, K.M. (2014). Divergent task performance in older adults:
Declarative memory or creative potential? Creativity Research Journal, 26(1), 21–29; doi: 10.1080/10400419.2014.873657.

Lin, W.-L., & Lien, Y.-W. (2013). Exploration of the relationships between retrieval-induced forgetting effects with open-ended ver-
sus closed-ended creative problem solving. Thinking Skills and Creativity, 10, 40–49; doi: 10.1016/j.tsc.2013.05.004.

Lovakov, A., & Agadullina, E.R. (2021). Empirically derived guidelines for effect size interpretation in social psychology. European
Journal of Social Psychology, 51(3), 485–504; doi: 10.1002/ejsp.2752.

Lucas, M. (2013). Neuropsychological assessment in South Africa. In A. Merwe, A. Thatcher, A. Kanjee, A. Shuttleworth-
Edwards, C. Prinsloo, C. Young, et al. (Eds.), Psychological Assessment in South Africa: Research and applications (pp. 186–
200). Johannesburg: Wits University Press. https://www.cambridge.org/core/books/psychological-assessment-in-south-africa/
neuropsychological-assessment-in-south-africa/54F0B9BA3B8F033CC04569E74ED03DF7.

MacCallum, R.C., Browne, M.W., & Sugawara, H.M. (1996). Power analysis and determination of sample size for covariance struc-
ture modeling. Psychological Methods, 1, 130–149; doi: 10.1037/1082-989X.1.2.130.

Madore, K.P., Jing, H.G., & Schacter, D.L. (2016). Divergent creative thinking in young and older adults: Extending the effects of
an episodic specificity induction. Memory & Cognition, 44(6), 974–988; doi: 10.3758/s13421-016-0605-z.

Marian, V., Blumenfeld, H.K., & Kaushanskaya, M. (2007). The Language Experience and Proficiency Questionnaire (LEAP-Q):
Assessing language profiles in bilinguals and multilinguals. Journal of Speech, Language, and Hearing Research, 50(4), 940–967;
doi: 10.1044/1092-4388(2007/067).

Marko, M., Michalko, D., & Rie�cansk�y, I. (2019). Remote associates test: An empirical proof of concept. Behavior Research Methods,
51(6), 2700–2711; doi: 10.3758/s13428-018-1131-7.

Marko, M., & Rie�cansk�y, I. (2018). Sympathetic arousal, but not disturbed executive functioning, mediates the impairment of cog-
nitive flexibility under stress. Cognition, 174, 94–102; doi: 10.1016/j.cognition.2018.02.004.

Marshall, G., & Jonker, L. (2010). An introduction to descriptive statistics: A review and practical guide. Radiography, 16(4), e1–e7;
doi: 10.1016/j.radi.2010.01.001.

Mednick, S. (1962). The associative basis of the creative process. Psychological Review, 69(3), 220–232; doi: 10.1037/h0048850.

Miyake, A., & Friedman, N.P. (2012). The nature and organization of individual differences in executive functions: Four general
conclusions. Current Directions in Psychological Science, 21(1), 8–14; doi: 10.1177/0963721411429458.

Niu, W. (2007). Individual and environmental influences on Chinese student creativity. The Journal of Creative Behavior, 41(3),
151–175; doi: 10.1002/j.2162-6057.2007.tb01286.x.

Nunnally, J.C. (1967). Psychometric theory (p. 640). New York, NY: McGraw-Hill.

Nusbaum, E.C., & Silvia, P.J. (2011). Are intelligence and creativity really so different?: Fluid intelligence, executive processes, and
strategy use in divergent thinking. Intelligence, 39(1), 36–45; doi: 10.1016/j.intell.2010.11.002.

Palmiero, M., Di Giacomo, D., & Passafiume, D. (2014). Divergent thinking and age-related changes. Creativity Research Journal,
26(4), 456–460; doi: 10.1080/10400419.2014.961786.

Panacek, E.A., & Thompson, C.B. (2007). Sampling methods: Selecting your subjects. Air Medical Journal, 26(2), 75–78; doi: 10.
1016/j.amj.2007.01.001.

Pinkow, F. (2022). Creative cognition: A multidisciplinary and integrative framework of creative thinking. Creativity and Innovation
Management, 32(3), 472–492. Portico. doi: 10.1111/caim.12541

Raven, J., Raven, J.C., & Court, J.H. (1998). Section three: Standard progressive matrices. In Manual for Raven’s Progressive Matrices
and Vocabulary Scales. London: Pearson.

Reiter-Palmon, R. (2014). Can we really have an integrative theory of creativity? The case of creative cognition. Creativity: Theories,
Research, Applications, 1(2), 256.

Resnik, D.B., & Shamoo, A.E. (2011). The Singapore statement on research integrity. Accountability in Research, 18(2), 71–75; doi:
10.1080/08989621.2011.557296.

Roehrig, B., Hoeffken, K., Pientka, L., & Wedding, U. (2007). How many and which items of activities of daily living (ADL) and
instrumental activities of daily living (IADL) are necessary for screening. Critical Reviews in Oncology/Hematology, 62(2), 164–
171; doi: 10.1016/j.critrevonc.2006.10.001.

Roskos-Ewoldsen, B., Black, S., & Mccown, S. (2008). Age-related changes in creative thinking. The Journal of Creative Behavior, 42
(1), 33–59; doi: 10.1002/j.2162-6057.2008.tb01079.x.

Runco, M.A. (2014). Cognition and Creativity. In M.A. Runco (Ed.), Creativity (2nd edn, pp. 1–38). San Diego, CA: Academic
Press; doi: 10.1016/B978-0-12-410512-6.00001-1.

Runco, M.A., & Acar, S. (2012). Divergent thinking as an indicator of creative potential. Creativity Research Journal, 24(1), 66–75;
doi: 10.1080/10400419.2012.652929.

Runco, M.A., & Jaeger, G.J. (2012). The standard definition of creativity. Creativity Research Journal, 24(1), 92–96; doi: 10.1080/
10400419.2012.650092.

Schumacker, R.E., & Lomax, R.G. (2010). A beginner’s guide to structural equation modeling (3rd edn, p. 510). New York, NY: Rou-
tledge/Taylor & Francis Group.

780

Creative Cognition in Older Adults

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1037/a0036773
https://doi.org/10.1037/a0036773
https://doi.org/10.1016/j.intell.2013.04.008
https://doi.org/10.1016/j.intell.2013.04.008
https://doi.org/10.1080/10400419.2014.873657
https://doi.org/10.1016/j.tsc.2013.05.004
https://doi.org/10.1002/ejsp.2752
https://www.cambridge.org/core/books/psychological-assessment-in-south-africa/neuropsychological-assessment-in-south-africa/54F0B9BA3B8F033CC04569E74ED03DF7
https://www.cambridge.org/core/books/psychological-assessment-in-south-africa/neuropsychological-assessment-in-south-africa/54F0B9BA3B8F033CC04569E74ED03DF7
https://doi.org/10.1037/1082-989X.1.2.130
https://doi.org/10.3758/s13421-016-0605-z
https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.3758/s13428-018-1131-7
https://doi.org/10.1016/j.cognition.2018.02.004
https://doi.org/10.1016/j.radi.2010.01.001
https://doi.org/10.1037/h0048850
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1002/j.2162-6057.2007.tb01286.x
https://doi.org/10.1016/j.intell.2010.11.002
https://doi.org/10.1080/10400419.2014.961786
https://doi.org/10.1016/j.amj.2007.01.001
https://doi.org/10.1016/j.amj.2007.01.001
https://doi.org/10.1111/caim.12541
https://doi.org/10.1080/08989621.2011.557296
https://doi.org/10.1016/j.critrevonc.2006.10.001
https://doi.org/10.1002/j.2162-6057.2008.tb01079.x
https://doi.org/10.1016/B978-0-12-410512-6.00001-1
https://doi.org/10.1080/10400419.2012.652929
https://doi.org/10.1080/10400419.2012.650092
https://doi.org/10.1080/10400419.2012.650092


Silvia, P.J., Martin, C., & Nusbaum, E.C. (2009). A snapshot of creativity: Evaluating a quick and simple method for assessing
divergent thinking. Thinking Skills and Creativity, 4, 79–85; doi: 10.1016/j.tsc.2009.06.005.

Silvia, P.J., Winterstein, B.P., Willse, J.T., Barona, C.M., Cram, J.T., Hess, K.I., . . . Richard, C.A. (2008). Assessing creativity with
divergent thinking tasks: Exploring the reliability and validity of new subjective scoring methods. Psychology of Aesthetics, Crea-
tivity, and the Arts, 2, 68–85; doi: 10.1037/1931-3896.2.2.68.

Simon, A., & Bock, O. (2016). Influence of divergent and convergent thinking on visuomotor adaptation in young and older adults.
Human Movement Science, 46, 23–29; doi: 10.1016/j.humov.2015.11.020.

Simonton, D.K. (2015). On praising convergent thinking: Creativity as blind variation and selective retention. Creativity Research
Journal, 27, 262–270; doi: 10.1080/10400419.2015.1063877.

Simonton, D.K. (2022). The blind-variation and selective-retention theory of creativity: Recent developments and current status of
BVSR. Creativity Research Journal, 35, 304–323; doi: 10.1080/10400419.2022.2059919.

Sobel, M.E. (1982). Asymptotic confidence intervals for indirect effects in structural equation models. Sociological Methodology, 13,
290–312. https://doi.org/10.2307/270723.

Sowden, P.T., Pringle, A., & Gabora, L. (2015). The shifting sands of creative thinking: Connections to dual-process theory. Think-
ing & Reasoning, 21(1), 40–60; doi: 10.1080/13546783.2014.885464.

Stoltzfus, G., Nibbelink, B.L., Vredenburg, D., & Hyrum, E. (2011). Gender, gender role, and creativity. Social Behavior and Person-
ality: An International Journal, 39(3), 425–432; doi: 10.2224/sbp.2011.39.3.425.

Storm, B.C., & Angello, G. (2010). Overcoming fixation:Creative problem solving and retrieval-induced forgetting. Psychological Sci-
ence, 21(9), 1263–1265; doi: 10.1177/0956797610379864.

Strauss, E., Sherman, E.M.S., & Spreen, O. (2006). A Compendium of Neuropsychological Tests: Administration, Norms, and Com-
mentary. Oxford: Oxford University Press.

Thomann, A.E., Goettel, N., Monsch, R.J., Berres, M., Jahn, T., Steiner, L.A., & Monsch, A.U. (2018). The montreal cognitive
assessment: Normative data from a German-speaking cohort and comparison with international normative samples. Journal of
Alzheimer’s Disease: JAD, 64(2), 643–655. https://doi.org/10.3233/JAD-180080.

Toivainen, T., Olteteanu, A.-M., Repeykova, V., Likhanov, M., & Kovas, Y. (2019). Visual and linguistic stimuli in the Remote
Associates Test: A cross-cultural investigation. Frontiers in Psychology, 10, 926; doi: 10.3389/fpsyg.2019.00926.

Troyer, A.K., Leach, L., & Strauss, E. (2006). Aging and response inhibition: Normative data for the Victoria Stroop Test. Aging,
Neuropsychology, and Cognition, 13(1), 20–35; doi: 10.1080/138255890968187.

Troyer, A.K., Moscovitch, M., & Winocur, G. (1997). Clustering and switching as two components of verbal fluency: Evidence from
younger and older healthy adults. Neuropsychology, 11(1), 138–146; doi: 10.1037/0894-4105.11.1.138.

Van der Elst, W., Ouwehand, C., Rijn, P., Lee, N., Van Boxtel, M., & Jolles, J. (2013). The shortened raven standard progressive
matrices: Item response theory–based psychometric analyses and normative data. Assessment, 20(1), 48–59.

van der Meer, E., Beyer, R., Horn, J., Foth, M., Bornemann, B., Ries, J., . . . Wartenburger, I. (2010). Resource allocation and fluid
intelligence: Insights from pupillometry. Psychophysiology, 47(1), 158–169; doi: 10.1111/j.1469-8986.2009.00884.x.

Wilken, A., Forthmann, B., & Holling, H. (2020). Instructions moderate the relationship between creative performance in figural
divergent thinking and reasoning capacity. The Journal of Creative Behavior, 54, 582–597; doi: 10.1002/jocb.392.

Zabelina, D.L., & Robinson, M.D. (2010). Creativity as flexible cognitive control. Psychology of Aesthetics, Creativity, and the Arts, 4
(3), 136; doi: 10.1037/a0017379.

Zaval, L., Li, Y., Johnson, E.J., & Weber, E.U. (2015). Complementary contributions of fluid and crystallized intelligence to decision
making across the life span. In T.M. Hess, J. Strough, & C.E. L€ockenhoff (Eds.), Aging and decision making: Empirical and
applied perspectives (pp. 149–168). Amsterdam: Elsevier Academic Press.

Zhang, M., Gale, S., Erickson, L., Brown, B., Woody, P., & Hedges, D. (2015). Cognitive function in older adults according to cur-
rent socioeconomic status. Neuropsychology and Cognition, 22(5), 534–543; doi: 10.1080/13825585.2014.997663.

Zhang, W., & Niu, W. (2013). Creativity in the later life: Factors associated with the creativity of the Chinese elderly. The Journal
of Creative Behavior, 47(1), 60–76; doi: 10.1002/jocb.23.

Zhang, W., Sjoerds, Z., & Hommel, B. (2020). Metacontrol of human creativity: The neurocognitive mechanisms of convergent and
divergent thinking. NeuroImage, 210, 116572; doi: 10.1016/j.neuroimage.2020.116572.

Stephanie Alcock, Aline Ferreira-Correia, Kate Cockcroft, University of the Witwatersrand

Correspondence concerning this article should be addressed to Stephanie Alcock, Psychology - School of Human and Community
Development Umthombo Building, East Campus University of the Witwatersrand, Private Bag 3, WITS 2050, Johannesburg, South
Africa. E-mail: stephanie.alcock@wits.ac.za

ACKNOWLEDGEMENTS

This study formed part of the following unpublished Doctoral thesis: Alcock, S. (2021), “Development of a theoret-
ical model of creative cognition in the elderly,” University of the Witwatersrand, Johannesburg, South Africa.

781

Journal of Creative Behavior

 21626057, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jocb.614 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.tsc.2009.06.005
https://doi.org/10.1037/1931-3896.2.2.68
https://doi.org/10.1016/j.humov.2015.11.020
https://doi.org/10.1080/10400419.2015.1063877
https://doi.org/10.1080/10400419.2022.2059919
https://doi.org/10.2307/270723
https://doi.org/10.1080/13546783.2014.885464
https://doi.org/10.2224/sbp.2011.39.3.425
https://doi.org/10.1177/0956797610379864
https://doi.org/10.3233/JAD-180080
https://doi.org/10.3389/fpsyg.2019.00926
https://doi.org/10.1080/138255890968187
https://doi.org/10.1037/0894-4105.11.1.138
https://doi.org/10.1111/j.1469-8986.2009.00884.x
https://doi.org/10.1002/jocb.392
https://doi.org/10.1037/a0017379
https://doi.org/10.1080/13825585.2014.997663
https://doi.org/10.1002/jocb.23
https://doi.org/10.1016/j.neuroimage.2020.116572
mailto:stephanie.alcock@wits.ac.za


SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-site:

Data S1. Fluid intelligence, inhibition and convergent thinking.
Figure S2. Relationship between fluid intelligence, inhibition and convergent thinking. *p < .05, **p < .01.
Data S2. Fluid intelligence, task-switching, associative thinking and convergent thinking.
Figure S2. Relationship between fluid intelligence, task-switching, associative thinking and convergent thinking.
*p < .05, **p < .01.
Data S3. Fluid intelligence, task-switching, associative thinking and divergent thinking
Figure S3. Relationship between fluid intelligence, task-switching, associative thinking and divergent thinking.
*p < .05, **p < .01.
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