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ARTICLE INFO ABSTRACT

Keywords: Even in the time of artificial intelligence, creative thinking is considered an important 21st
Creative thinking century skill. Nevertheless, our understanding of how contextual factors such as socio-economic
PISA

status (SES) and gender affect creativity is still limited — especially from an international

zc;ag:conomm status perspective. In the current study, we thus examined the impact of gender and SES on creative
ndaer N . . . :

Mathematics thinking across 62 countries, using data from the 2022 Programme for International Student
Reading Assessment (PISA). Creative thinking, alongside mathematics and reading, was analyzed using a

two-stage meta-analytic approach, integrating effect sizes from country-specific samples with a
total sample size of N = 493,660. Our results revealed consistent gender disparities, with females
outperforming males in creative thinking and reading, a trend robust across countries but with
considerable variability. Gender disparities were less pronounced in the mathematical domain.
Moreover, SES was found to be a strong predictor of creative thinking, mathematics, and reading,
with higher SES associated with better performance across all domains. There was no substantial
interaction effect between gender and SES for creative thinking and reading, suggesting that SES
advantages are consistent across genders. Our analyses indicated substantial heterogeneity be-
tween countries, emphasizing the need for context-specific educational policies. These findings
highlight the pervasive influence of gender and SES on fundamental educational outcomes and
hence stress the necessity of tailored interventions to address these disparities around the globe.
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Educational Impact and Implications Statement

Creative thinking is considered a crucial 21st century and future workforce skill, but our understanding of how contextual factors
like socio-economic status and gender affect this skill is still limited. Our current study, analyzing PISA 2022 data across 62
countries, revealed that female students outperform males in creative thinking tests and that students from higher socio-
economic status backgrounds show better performance in these tests. As this finding was consistent across the globe, our
study suggests a dire need to consider ways of how to reduce these apparent disparities, if students within countries and across
the globe are to have the same opportunities of developing their creative thinking and hence their creative potential. The current
findings thus imply the reconsideration of present educational policies. This will not only help in reducing educational in-
equalities but also in preparing students more effectively for the demands of the future workforce.

1. Introduction

Although creativity has been studied for almost a century, its relevance to education has increased, specifically in recent years (c.f.
Graciano et al., 2023; Hernandez-Torrano & Ibrayeva, 2020). The human capacity to think creatively, which involves coming up with
original and useful ideas in a given social context (Plucker et al., 2004; Runco & Jaeger, 2012), is viewed as an essential skill for the
future workforce in a world where humans are less reliant on physical work (Puccio, 2017) — even though advances in the field
artificial intelligence continue to change our thinking about creativity (Ivcevic & Grandinetti, 2024; e.g., Rafner et al., 2023).
Furthermore, creativity can be considered a crucial capacity for nations, as regional development appears to depend, among other
factors, on novel combinations of knowledge and ideas (Mcgranahan & Wojan, 2007). Despite its importance on individual and group
levels, our understanding of contextual factors that might facilitate or hinder creativity, such as socio-economic status (SES) and
gender, is limited, especially from a perspective incorporating different cultures, countries, or economies (Acar et al., 2022; Taylor
etal., 2024). Therefore, our study analyzes how SES and gender affected creative thinking, the innovative domain of PISA 2022, which
was assessed in over 60 countries and economies. We compare the impact of these factors on creativity with their effects on mathe-
matics and reading, which are fundamental competencies for academic achievement (e.g., Delgadova, 2015; Nguyen et al., 2016). This
comparison helps to contextualize the challenges and opportunities in fostering creativity relative to more traditional academic do-
mains like reading and mathematics.

1.1. Creativity assessment and education

Creativity is a multi-facetted construct, which has commonly been studied in terms of the ability to come up with diverse, creative
ideas (Benedek et al., 2019; Forgeard & Kaufman, 2016), also known as divergent thinking (DT) ability (Guilford, 1967). DT ability can
be measured with open-ended tasks that require the production of “alternative ideas, all of which satisfy a somewhat general
requirement” (Guilford, 1977, p. 92). The current consensus among creativity researchers is that for DT assessments to be valid, in-
structions should require test-takers to generate creative responses (e.g., find creative uses of everyday objects; Diedrich et al., 2015;
Harrington, 1975; Reiter-Palmon et al., 2019; Runco, 1991). DT performance can be scored in terms of the quantity (e.g., fluency, or
flexibility) and quality (e.g., originality, creativity, or elaboration) of responses (Saretzki et al., 2024; Weiss et al., 2021). DT ability is
considered an important indicator of human creative potential (Guilford, 1966; Lubart et al., 2010; Runco & Acar, 2012), which
predicts individual differences in creative achievements together with general cognitive ability, personality and domain-specific
expertise (Benedek, 2024; Said-Metwaly et al., 2020). Given the growing interest of creativity as a crucial characteristic in educa-
tion, it has even been argued that the inclusion of creativity measures into high-stakes educational assessments, such as college ad-
missions tests, could not only increase our understanding of student abilities by getting a more holistic idea about their potentials, but
also help to reduce biases of college admission tests (Kaufman, 2010). Due to that, it seems only sensible that creative thinking was
chosen as the innovative domain of PISA 2022. PISA’s operationalization of creative thinking assessments aimed to assess central
aspects of DT ability across different domains: Students were tasked with generating original or diverse ideas or with improving a given
idea to stimuli for written or visual expression or responses to social or scientific problems (OECD, 2023a, 2024a).

1.2. Creativity in cross-cultural and comparative contexts

Studying creativity across cultures, countries or economies is complex due to varying concepts and methods (Barth & Stadtmann,
2024; Glaveanu, 2019). For meaningful comparisons, it is crucial that the definition of creativity is consistent across cultures and that
the measurement instruments applied are invariant across contexts (e.g., He & Van De Vijver, 2012). As posited by Barth and
Stadtmann (2024), cultures exhibiting greater individualism may be expected to demonstrate elevated levels of originality relative to
those displaying lesser degrees of individualism. Conversely, cultures with stronger collectivist tendencies may be hypothesized to
exhibit higher scores on appropriateness. It is evident that making comparisons across cultures for overall measures of creativity,
which typically aim to combine both components of creativity (that is, appropriateness and originality) into one score, may be
challenging when using these theoretically derived expectations. However, it is important to note that overall creativity scores are
typically best explained by considering originality (Diedrich et al., 2015; Pichot et al., 2024). This suggests that comparing creativity
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across cultures can still be valuable, at least to some extent. Indeed, Western cultures show a small to moderate advantage in creativity
(g = 0.33, 95 %-CI: [0.17, 0.49]), according to a recent meta-analysis (Barth & Stadtmann, 2024). However, caution is warranted as
only one of the 41 included studies tested for measurement invariance. Measurement invariance testing is typically absent in
cross-cultural comparisons of creativity (for exceptions, see Guo et al., 2023, 2024; Kornilov et al., 2016), despite growing calls for its
inclusion (Karwowski, 2016). Therefore, methods must be found that consider possible cultural differences, when comparing per-
formances on different ability tests across cultures, countries, or economies.

Previous cross-cultural research identified differences in creativity across countries. For example, Niu and Sternberg (2001) found
that in studies on artistic creativity, American participants received higher creativity and aesthetic ratings than Chinese participants;
similar trends were observed in verbal creativity indicators using the Torrance Test of Creative Thinking were used (Jaquish & Ripple,
1985). However, there are issues with existing cross-cultural comparisons, although these studies offer a reasonable starting point for
deriving expectations for further studies. For example, previous cross-cultural studies often suffer from relatively small participant
samples (c.f.. Jellen & Urban, 1989), often drawn from a limited number of countries. More than that, some of the studied countries are
more frequently sampled than others, which is problematic with respect to generalizability of results across the globe. As Niu and
Kaufman (2013) described, previous studies have mostly relied on studying American and Chinese students. Although several other
countries were considered in other studies (Corazza & de Saint-Laurent, 2020), many regions across the globe have been largely
overlooked altogether so far. While recent efforts have expanded the geographic reach of creativity research (c.f. Barth & Stadtmann,
2024), a large-scale cross-country study that systematically investigates creative thinking on a global scale has been missing to date.
For an overview of the current state of the literature and a comprehensive discussion of the limitations of cross-cultural research on
creativity, we direct the interested reader to the work by Barth and Stadtmann (2024).

With our current work, we aim to overcome these limitations by analyzing larger and more diverse samples from various countries
and economies, using creative thinking assessments designed for high conceptual and psychometric comparability.

1.3. Socio-economic status and creativity

Socio-economic status (SES) refers to the broad social standing of students and their families, typically capturing educational,
occupational, and material resources, such as parental education levels, job status, or household possessions (e.g., Antonoplis, 2023;
Avvisati, 2020; Ehmke & Siegle, 2005). The fact that SES has an influence on educational outcomes is well known (Broer et al., 2019).
However, the relationship of SES with creativity is less clear, and not surprisingly contradictory hypotheses regarding this relationship
exist. One might posit that there is a similar intertwining of SES and creativity as exists between SES and other educational domains
such as reading and mathematics. That is, better situated persons could have advantages that are grounded in being blessed with more
support and opportunities. An alternative argument would be that low SES fosters creativity due to limited resources that require
creative problem-solving (Acar et al., 2022).

Recent meta-analytical evidence reported effect sizes from k = 117 studies and showed that SES and creativity are weakly related (r
= 0.12, 95 % CI: [.09, 0.15]; Acar et al., 2022) indicating that people with higher SES tend to show higher scores on measures of
creativity. This effect size varied slightly if only parental education (r = 0.17) or parental occupation (r = 0.11) were taken into account
as measures for SES. In sum, previous evidence showed a small and positive effect of SES on creativity. However, this meta-analytical
evidence points in the direction that the relationship of SES with creativity is less pronounced than the correlation of SES with other
educational outcomes, academic achievement, and intelligence (e.g., mothers’ education and academic achievement: r = 0.33;
mothers’ education and vocabulary: r = 0.41; Blums et al., 2017).

1.4. Gender and creativity

The study of gender differences in various cognitive abilities has been a prominent area of research, with significant implications
for education and educational outcomes (Spinath et al., 2014). While many studies have documented gender disparities across
different cognitive skills (for an overview, see for example Halpern, 2011), results concerning divergent thinking have been mixed and
inconsistent. Abraham (2016) concluded that gender differences exist in general but vary across different areas (e.g., females tend to
have more creative potential, but males tend to achieve more creative products). The author also provided insight into what factors
might be driving these differences, such as the use of rewards or the consideration of different age groups. A recent meta-analysis of
213 studies indicates that females slightly outperform males in divergent thinking abilities (g = —0.07, 95 % CI [-0.10, —0.03];
Abdulla Alabbasi et al., 2022). This research also explored the hypothesis that males exhibit greater variability in divergent thinking, a
pattern observed in other cognitive abilities (Hedges & Friedman, 1993). Indeed, male variability in divergent thinking was 21.6 %
higher (InVR = 1.22,95 % CI [1.13, 0.1.29]; Abdulla Alabbasi et al., 2022). However, this finding was contested by another systematic
review and meta-analysis, which investigated whether this greater male variability contributes to the underrepresentation of females
among eminent creators (Taylor et al., 2024). The authors again reported a mean advantage for females in creative ability, mostly
operationalized as DT (g = —0.10, 95 % CI [-0.13, —0.06]; Taylor et al., 2024), but only a negligibly higher variability in males (InVR
=0.02, 95 % CI [.00, 0.04]; Taylor et al., 2024). Overall, these studies suggest a slight female advantage in divergent thinking, yet they
deliver mixed conclusions on the hypothesis of greater male variability in creativity.

1.5. Socio-demographic disparities across academic domains

To interpret social disparities in creative thinking, it is useful to consider how SES and gender relate to academic achievement in
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more traditional school subjects like reading and mathematics. These two domains are particularly relevant because creative thinking
was shown to be associated with both (e.g., Bicer et al., 2021; Wang, 2012). This makes sense, as theoretically, creativity and reading
may be linked through shared verbal and elaborative processes (e.g., Ritchie et al., 2013), while creativity and mathematics are
connected via problem-solving and cognitive processes like pattern recognition (Bicer et al., 2021).

Beyond their theoretical links to creativity, reading and mathematics are also well-documented domains of educational stratifi-
cation; that is, they consistently reveal performance gaps between social groups. For example, SES has been shown to be a predictor of
student performance in reading and mathematics, with numerous studies and PISA cycles reporting that students from more advan-
taged backgrounds outperform their peers (e.g., Sirin, 2005), although the strength of the association can vary depending on the
operationalization of SES and the educational context. Previous PISA cycles have all consistently revealed that social background is
related to the competencies students show in mathematics, reading, and natural sciences (e.g., Miiller & Ehmke, 2013), and the past
pandemic of COVID-19 may have even exacerbated these social inequalities (Forster et al., 2023; Stanat et al., 2022). Previous PISA
reports have revealed that, for example in Germany, SES explained 14.2 % of the variance in mathematical competencies, which is
slightly above the OECD average of 11.7 % (Lewalter et al., 2023). In PISA 2022, however, there were no meaningful gender dif-
ferences revealed for scientific competencies for 22 of the 37 OECD states, implying that in these countries a promotion of scientific
skills has been relatively successful in reaching gender parity (Lewalter et al., 2023).

Similarly, large-scale assessments have repeatedly found that girls tend to outperform boys in reading across virtually all education
systems (Brunner et al., 2023; Stoet & Geary, 2013). Brunner and colleagues (2023) have developed and used an integrative individual
participant’s meta-analytic approach to analyze the effects of gender, SES, and the interaction between both variables on reading
achievement. Their findings revealed that female students, on average, outperformed male students with regards to reading perfor-
mance across 92 countries (fgender = 0.37; 95 %-CI [.35, 0.39]). Similarly, they showed that an increase of 1 SD in SES (as indicated by
HISEI) was associated with an increase of 0.30 SD in reading achievement (fsgs = 0.30; 95 %-CI [.29, 0.31]). Interestingly, however,
the interaction of gender and SES hardly had an impact on reading achievement (Bgenderxses = —0.02; 95 % CI [-0.02, —0.01]), that is,
there was no moderating effect. In mathematics, however, the gender pattern seems more complex: while average differences are
generally small, boys tend to outperform girls at the upper end of the performance distribution, particularly in higher-achieving
countries, whereas in some countries girls perform equally well or even better (Stoet & Geary, 2013).

Drawing on reading and mathematics as comparative academic domains is therefore based on a dual rationale: not only are they
established indicators of educational stratification by gender and SES, but they also correlate with creative thinking in theoretically
and empirically meaningful ways. This allows us to explore whether the social disparities found in traditional academic outcomes also
manifest in students’ creative thinking.

1.6. Potential macro-level moderators of performance disparities

Cross-national variability in educational outcomes is not solely a function of individual characteristics but may also reflect broader
societal structures on the country-level. Several such macro-level indicators have been proposed to explain how gender and SES
disparities in education manifest differently across countries (e.g., Stoet & Geary, 2013). While the following list is not exhaustive, the
indicators represent theoretically and empirically grounded constructs that are particularly relevant to the current investigation and
have been used in previous comparative education research (Brunner et al., 2023; Else-Quest et al., 2010; Guiso et al., 2008; Reilly,
2012; Stoet & Geary, 2013).

First, membership in the Organization for Economic Co-operation and Development (OECD) may serve as a meaningful moderator
variable for socio-demographic disparities in academic outcomes. Not only has the OECD pledged to tackle gender gaps (OECD, 2012;
Closing the Gender Gap: Act Now)—which might be observable in comparison between OECD and non-OECD countries (cf., Barra &
Boccia, 2022)—, but member states also tend to share institutional features such as more standardized curricula and greater invest-
ment in educational infrastructure, all of which may interact with socio-demographic variables like gender or SES. Moreover, because
OECD membership largely overlaps with Western cultural contexts, variations in gender role socialization and value systems may
further shape the manifestation of gender disparities. This is also related to the next potential moderator variables.

Second, gender equality, as measured by the Global Gender Gap Index (GGGI), reflects the extent to which societies provide
equitable opportunities for women and men across education, politics, economy, and health (cf., The Global Gender Gap Report 2022,
2023). In more gender-equal societies, gender gaps in education may be smaller due to diminished cultural or institutional bar-
riers—something that could, for example, be observed in reading where girls typically outperform boys overall (Eriksson et al., 2020).
Conversely, persistent gaps may signal deeper structural inequities that extend into schooling and adolescence, like in the context of
PISA.

Third, more broadly, a country’s Human Development Index (HID; e.g., United Nations Development Programme, 2025), which
captures national averages in health, education, and income, may moderate educational inequalities. While higher HDI generally
implies broader access to educational resources, prior research suggests that high-HDI societies may also foster greater individualism,
thereby enabling the expression of traditional gender-typed academic preferences (Charles & Bradley, 2009), like for example fewer
women in STEM-related fields (e.g., Cheryan et al., 2024). For SES effects, higher HDI may be associated with more developed
educational infrastructures and broader access to schooling; however, it may also coincide with institutional practices such as early
tracking or selective admissions that can amplify already existing achievement gaps.

Fourth, power distance, a cultural dimension proposed by Hofstede, captures the degree to which “the less powerful member of
institutions and organizations within a country expect and accept that power is distributed unequally” (Hofstede et al., 2010, p. 61). In
high power distance societies, people are more likely to accept social hierarchies as normal or justified. This can make inequalities
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based on SES or gender more pronounced, leading to larger gaps in student achievement. Schools in these contexts often stress
obedience and respect for authority, which may limit students’ independence and make it harder for those from disadvantaged
backgrounds to succeed and creativity to unfold (Huber & Paule-Paludkiewicz, 2024; Javidan et al., 2006).

Together, these indicators offer a valuable lens through which to examine how national contexts shape the interplay of gender, SES,
and educational outcomes—particularly in the domain of creative thinking.

1.7. The present study

In the present study, we analyze data from the Programme for International Student Assessment (PISA) 2022 regarding the
innovative domain (creative thinking) and established core domains (reading and mathematics). The domain of science was included
as an auxiliary variable in the imputation process of SES (see methods section). We aimed to answer the following questions:

1. Is there a female advantage in creative thinking? If yes, is this advantage comparable across countries? Are gender differences
similar to the differences reported in established domains like mathematics and reading?

2. Does SES predict creative thinking? Is this effect comparable across countries? Is SES equally influential for creative thinking
performance as it is for established core domains of mathematics and reading?

3. Are there interaction effects of gender and SES on creative thinking?

4. Are the country-level effects moderated by macro-level variables like OECD membership, Global Gender Gap Index, Human
Development Index, or the cultural dimension of power distance?

To answer these questions, we applied an integrative meta-analytical approach of individual participant data, as this analysis offers
the opportunity to strengthen empirical evidence of consistency and generalizability (Brunner et al., 2023). This analysis is specifically
tailored to complex survey designs (e.g., sampling weights, clustered and missing IPs) and allows the conduction of descriptive
analysis, but also the integration of the results based on meta-analytical models (Brunner et al., 2023). The research objectives of the
present study were not preregistered.

2. Method
2.1. Database (Participants and procedure)

We used a subset of data from the 2022 PISA survey, which is publicly available from the OECD (https://www.oecd.org/en/data/
datasets/pisa-2022-database.html). As this study involves secondary data analysis, no additional ethical approval was required.
Approximately 650,000 students from 81 countries and economies participated in PISA 2022, with each country and economy
providing a representative sample of more than 6300 students, roughly balanced by gender. Students were assessed in mathematics,
reading, and science, as well as creative thinking, using a matrix-sampling design (Rutkowski et al., 2013), where both students and
items were drawn representatively. Following the cognitive tests, students, along with their parents, principals, and teachers,
completed questionnaires to assess the context of their learning environment. Our subset included 62 of the 64 samples from countries
or economies that participated in the innovative domain of PISA 2022 (creative thinking). In our dataset (downloaded on 25th July
2024), no creative thinking data were available for Cyprus. Additionally, we excluded the sample from Costa Rica from our analysis
because the SES variables were not available. Consequently, our analysis included data from N = 493,660 students, with a mean age of
15.79 years (SD = 0.06), across 62 countries and economies globally. The descriptive overview of the available data for each included
country or economy can be found in the supplementary materials (Table SM 1).

2.2. Measures

For examining our research questions, we focused on five variables from the available data: gender, SES as indicated by the index
for economic, social and cultural status (ESCS), mathematics competence, reading competence, and creative thinking competence.

Gender. Gender was obtained from school records and validated by comparing it to the student responses (OECD, 2024b). We
recoded the data so that female students were coded as 0 and male students were coded as 1 (i.e., female students are the reference
group).

Socio-Economic Status. We used the Economic, Social and Cultural Status (ESCS) index to operationalize the SES of students. ESCS is
a standardized composite measure of SES, integrating information on parental education, parental occupation, and household pos-
sessions (e.g., books at home). It thus captures multiple dimensions of students’ socio-economic background (Akukwe & Schroeders,
2016), including economic, educational, and cultural resources. In the OECD PISA dataset, ESCS is scaled to have an international
mean of zero and a standard deviation of one, enabling meaningful cross-country comparisons. For robustness, we also conducted the
main analyses using the Highest International Socio-Economic Index of Occupational Status (HISEL e.g., Avvisati, 2020), another
widely used SES proxy based on the highest parental occupational status. For the sake of briefness, more information regarding the
HISEI and the corresponding results can be found in the supplementary materials—the results were highly consistent with the findings
based on ESCS as presented in the main manuscript, suggesting robust findings across SES indicators.

Competence in Cognitive Domains. Four cognitive domains were assessed in PISA 2022: mathematics, reading, science, and creative
thinking. The measurement instruments of these cognitive domains were constructed to assess students’ literacy. Literacy is defined as
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the competence to apply in everyday situations the knowledge students accumulated in any given domain until they are 15-years old.
Fifteen was chosen as the target since at that age compulsory schooling ends in most countries. The cognitive domains were understood
as follows:

1. Creative Thinking covered three ideation processes: generating diverse ideas, generating creative ideas, and evaluating and
improving ideas. Generating diverse ideas requires the student’s ability to be flexible in idea generation. Generating creative ideas
mostly assessed the ability to think outside the box and find original ideas (e.g., comparable to statistical infrequency of the given
response category). Evaluating and improving ideas focusses on the ability to refine previously generated ideas. These ideational
processes were situated in four context domains (written expression, visual expression, social problem solving, and scientific
problem solving), with a total of 32 items. For sample items see OECD (2023a). One example in the facet of generative ideas is the
item “Ilustration Titles: Write 3 different titles for the illustration on the right. The titles should be as different from each other as
possible”. Human coders evaluated whether responses were appropriate and creative. To do so, a partial credit coding was applied,
that is: coders first evaluated the appropriateness and would assign no credit (0) for inappropriate responses; for appropriate re-
sponses, partial credit (1) was assigned for unoriginal ideas, and full credit (2) for original responses. After this procedure, only one
total creative thinking score was computed across ideation processes and context domains. For instance, if a student’s response was
appropriate but lacked creativity, it would only receive partial credit (OECD, 2024a). Full credit was awarded when students
produced responses that were also considered original — for instance, including a novel combination of elements, such as lines,
shapes, or colors—making responses stand out and unique (Cropley, 1967; Wilson et al., 1953). For those items where students had
to provide multiple different ideas, human coders also checked whether these ideas were different from one another — this time, in
the sense of flexibility (c.f. Reiter-Palmon et al., 2019). This assessment looked at whether the participants were able to provide
different kinds of ideas, rather than simply reuse variations of the same concept. Vivid examples of different responses and sub-
sequent scores can be found in the report of the OECD (2024a; pp. 129-130).

2. Mathematics competence in PISA is defined as “an individual’s capacity to reason mathematically and to formulate, employ, and
interpret mathematics to solve problems in a variety of real-world contexts. It includes concepts, procedures, facts and tools to
describe, explain and predict phenomena. It assists individuals to know the role that mathematics plays in the world and to make
the well-founded judgements and decisions needed by constructive, engaged and reflective 21st Century citizens” (OECD, 2023b, p.
22). Mathematics was the major domain in PISA 2022 and thus was assigned more test time/student responses than the other
domains. Additionally, the theoretical framework and items are renewed for the major domain, whereas the minor domains are
assessed based on the material from the year it was the major domain for the last time (i.e. 2018 for reading and 2015 for science;
Diedrich & Lewalter, 2023).

3. Reading competence in PISA is defined as “understanding, using, evaluating, reflecting on and engaging with texts in society”
(OECD, 2019, p. 28). This definition implies that reading competence is understood as a basic competence important for societal
participation. The tasks covering this domain can be described by different dimensions: Source (single vs. multiple source), text
format (continuous and non-continuous texts), organization (static vs. dynamic), and text type (e.g., description, narration,
argumentation). All these dimensions can be fitted into a situational framework (personal contexts, public contexts, educational
and occupational contexts). The important sub-skills that are assessed based on these tasks and domains are reading fluency,
locating information, understanding texts, and evaluating and reflecting (Heine et al., 2023).

Importantly, in the PISA study, plausible values (PVs) were used to estimate students’ competence across domains, ensuring more
reliable group-level statistics. Therefore, ten plausible values per domain are usually estimated based on the population model (von
Davier et al., 2009). To this end, all data of any given student—both responses to all cognitive domains and to the student ques-
tionnaire—are taken into account in a combined Item Response Theory (IRT)- and latent regression model (OECD, 2024a). Reading,
mathematics, and science are reported on a scale with a range from 0 to (theoretically) over 800 points, split into 6 competency levels
(see Chapter 14 and 17, OECD, 2024b). In the first year a domain was the major domain, the scales were calibrated to a mean of 500
and a standard deviation of 100 (OECD, 2024b). Unlike mathematics, reading, and science, scores for creative thinking were sum-
marized on a bounded unidimensional scale ranging from 0 to 60 points (for more information see OECD, 2024b).

Moderator Variables. We used four moderator variables to examine whether macro-level indicators could explain between-country
variation in socio-demographic disparities across creative thinking, mathematics, and reading. These variables were included in meta-
regression models.

1. OECD Membership status. We included a binary indicator denoting whether a country or economy was a member of the Orga-
nisation for Economic Co-operation and Development (OECD). In total, n = 26 countries of the current subset of data were members
of the OECD.

2. The Human Development Index (HDI) was used as a proxy for general socio-economic development. It captures national averages
in health, education, and income. HDI scores were included as a continuous variable (0-1) and were obtained from the UNDP
database (https://hdr.undp.org/data-center/human-development-index#/indicies/HDI). In total, the HDI was available for n = 55
countries.

3. The Global Gender Gap Index (GGGI; The Global Gender Gap Report 2022, 2023) captures gender equality in four key dimensions:
economic participation, educational attainment, political empowerment, and health and survival. This index was included as a
continuous variable (0-1). The respective data were taken from the Global Gender Gap Report 2022 (The Global Gender Gap
Report 2022, 2023). In total, the GGGI was available for n = 57 countries.
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4. Power Distance (PD) reflects the extent to which less powerful members of a society accept and expect power to be distributed
unequally (Hofstede et al., 2010). Higher values indicate greater societal acceptance of hierarchical structures. The data were taken
from the Hofstede Dimension Data Matrix in its most recent version (2015; https://geerthofstede.com/research-and-vsm/
dimension-data-matrix/). In total, the power distance index was available for n = 44 countries.

3. Data preparation and treatment
3.1. Statistical analysis

We used a two-stage meta-analytic integrative method to analyze the available PISA 2022 assessment data (Brunner et al., 2023). In
a first step, effect sizes are computed for all independent samples (i.e., countries or economies). In a second step, these effect sizes are
meta-analyzed, similar to how traditional meta-analyses synthesize findings from independent studies or datasets. Therefore, this
approach, which is equivalent to a two-step individual participant meta-analysis, has two advantages: first it considers the independent
sampling of the PISA data within the respective countries. Second, the differential effects of the models between the respective
countries can be analyzed more granularly. In the following, we will outline our analytical strategy. Please note that all scripts are
available in an open science repository: https://osf.io/zbfg8/.

Data Preparation. Notably, there was a very small amount of missing data for the binary gender variable, with n = 74 observations
(< 0.015 % of the total sample) removed through listwise deletion. We considered listwise deletion of this amount of missingness
appropriate, aligning with previous work (Brunner et al., 2023; Graham, 2009). Additionally, we observed missing values for PVs on
mathematics, reading, and creative thinking in Iceland, where n = 4 rows (< 0.12 % of the sample of Iceland) contained missing data.
These rows were also removed via listwise deletion, as the completeness of all other PVs across all other domains and countries was
given, and we could not rule out that these four rows were corrupted in the original data.

Multiple Imputation Process. On average, 4.51 % of cells were missing for the ESCS variable per country within the dataset. As
missing at random could be assumed, we imputed the missing data applying a nested multiple imputation procedure using a Bayesian
approach with non-informative prior distribution, with all variables standardized prior to imputation to match the scale used in the
analysis models, similar to Brunner and colleagues (2023) adopting a substantive-model-compatible modeling approach (Enders et al.,
2020; Grund et al., 2021). To this end, we performed M = 10 imputations for each of the independent 62 student sample data sets
separately for each respective PV sets. The imputation model comprised of two conditional models. In the outcome model, we
regressed the respective PV of creative thinking on gender, the respective variable of SES, their interaction and a random intercept for
schools (to account for the clustered data structure with students being nested in schools). In the covariate model, we regressed the
respective SES variable on gender and the respective PV of science competence as an auxiliary variable. Again, we specified a random
intercept for schools. We used science competence as an auxiliary variable in this process due to its consistent relationships with
students’ SES and gender across countries (Sirin, 2005). Including auxiliary variables in an imputation model is recommended in the
literature because it can strengthen the plausibility of the missing-at-random assumption and mitigate potential biases in parameter
estimates (Liidtke et al., 2020). In our case, using science competence as an auxiliary variable captures variance helps account for
shared variance with SES, thus producing more accurate imputations and reducing potential bias in the later estimated association
between SES and creative thinking. Due to the applied approach, the imputation models were constructed to be compatible with the
subsequent regressions analysis for effect size estimation. We ran this procedure for 6.500 iterations (HISEI) and for 7.500 iterations
(ESCS). We used the R package mdmb for the imputation process (Robitzsch & Liidtke, 2024).

Effect Size Estimation and Sampling Variances. We specified and estimated regression models for each of the independent country
datasets for each PV in each of the three target domains (creative thinking, mathematics, and reading) to obtain effect sizes and
sampling variances. In total, we thus ran 62x10x3 = 1860 regression models. To account for the complex sampling design used in
PISA, we conducted weighted regression analyses that consider the hierarchical structure of the data, with students nested within
schools. We applied a design-based estimation method that incorporates both student-level sampling weights and replicate weights,
following the Balanced Repeated Replication (BRR) technique with Fay’s adjustment (Rutkowski et al., 2010). This approach provides
robust standard errors and allows for accurate population-level inferences. All models were estimated separately for each country and
each imputed dataset, and the results were combined using Rubin’s rules (Rubin, 1976). This strategy aligns with current best practices
for analyzing large-scale educational assessment data (Brunner et al., 2023).

In the first regression model, we predicted the z-standardized PVs by the non-standardized gender variable (0 = female, 1 = male).
In this model, the standardized regression coefficient can be interpreted as the standardized mean difference (equivalent to Cohen’s d)
between male and female students in the respective outcome PV, with negative values indicating that female students outperformed
male students.

In the second regression model, we predicted the z-standardized PVs by the z-standardized SES variable. Here, the standardized
regression coefficient can be interpreted as the correlation between the SES variable and the respective outcome PV, reflecting how
much the outcome increases (in terms of standard deviations) for each one standard deviation increase in SES.

In the third regression model, we predicted the z-standardized PVs by the non-standardized gender variable, the z-standardized SES
variable, and an interaction term between gender and SES. The interpretation of the standardized regression coefficients of the main
effects is analogous to the first two models: the coefficient for gender reflects the standardized mean difference between male and
female students, and the coefficient for SES reflects the correlation between SES and the outcome. The standardized regression co-
efficient of the interaction term, however, can be interpreted as indicating how gender differences in the respective outcome PV (in
terms of Cohen’s d) change when students’ SES increases by 1 standard deviation.
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We then computed pooled effect sizes and sampling variances across all imputations for each country using Rubin’s rules. This
pooling process involved calculating the average effect size (e.8., PGender> PSES, BGenderxsgs) across the imputed datasets. The pooled
effect sizes and sampling variances were computed separately for each country and each PV. This approach ensures that the final
estimates are robust. We then meta-analyzed these average standardized regression coefficients as effect sizes (Nieminen, 2022).

Additionally, we computed gender-specific, survey-weighted variances of the creative thinking PVs for each dataset and expressed
the female-male dispersion contrast as a natural log variance ratio (InVR), following Taylor and colleagues (2024). Positive values
indicate greater variability among female students. These InVR estimates were pooled using Rubin’s rules and subsequently
meta-analyzed. This approach allowed us to extend our analysis beyond mean-level differences and formally assess potential gender
differences in variability.

Meta-Analytical Approach. We applied a cluster-robust random-effects model with a restricted maximum likelihood estimator
(Pustejovsky & Tipton, 2022; Viechtbauer, 2010) in a traditional two-level model with students at level 1 and the independent studies
(countries/economies) at level 2. All models were estimated using the R package metafor (Viechtbauer, 2010) and clubSandwich
(Pustejovsky & Tipton, 2022). For our main analysis, we focused on the standardized regression coefficients computed in regression
model 3 (c.f., PGender PsESs PGenderxses)- We ran a meta-analytic model per type of standardized regression coefficient and per
competence domain. That is, we ran 9 meta-analytical models. For each model, we meta-analyzed k = 62 independent effect sizes,
corresponding to the number of individual countries or economies in our subset of data. Model estimates for the univariate regression
models (gender or SES as sole predictors) can be found in the supplementary materials (SM Table 2; for HISEI, cf. SM Table 8). In
addition to that, we report three-level meta-analytical models with dummy-coded domains (creative thinking as the reference domain;
that is, regression effect sizes are to be interpreted relative to this domain) in the supplementary materials (SM Tables 3-5; for HISEI, cf.
SM Tables 9-11), to depict differences between competence domains in single models.

Heterogeneity between countries in the observed effect sizes was quantified by the P-statistic (Higgins & Thompson, 2002), which
describes the proportion of between-country variation in effect size estimates that is due to true heterogeneity (i.e., the proportion of
heterogeneity that cannot be explained by sampling error). Following the often-applied rules of thumb, IZ of 0.25, 0.50., and 0.75
indicate low, medium, and high heterogeneity, respectively (Higgins et al., 2003). Additionally, we present t2 estimates as an indicator
of the variance of the true effect sizes between countries (Viechtbauer, 2010).

We examined moderation effects on the pooled effect size using mixed-effect regression analysis (Viechtbauer, 2010). To inves-
tigate moderator effects, we adhered to the same estimation technique as described above but used meta-regression models by adding a
predictor variable to the estimation of the effect sizes. Again, we specified 9 meta-regressions (for each of the standardized regressions
coefficients and per competence domain).

We present 95 % confidence intervals, 95 % prediction intervals, and interpret p-values below 0.05 as significant. We visualized our
findings by using an adaptation of forest plots (i.e., a graphical display of the observed effects and their corresponding confidence
intervals).

Table 1
Effects of full model (Outcome = Gender + SES + Gender*SES).
95 %-CI 95 %-PI
Predictor Outcome Est. p LB UB LB UB Q T2 P
(SE) (df = 61)
Gender Crea —-0.277 < 0.001 —0.304 —0.250 —0.472 —0.081 428.80 .009 87.43
(0.014) (p < .001)
Math .028 .074 —0.003 .058 —0.198 .253 872.82 .012 93.68
(0.015) (p <.001)
Read —0.294 < 0.001 —0.322 —0.256 —0.501 —0.087 633.56 011 92.07
(0.014) (p < .001)
SES Crea .334 < 0.001 315 .353 192 476 606.64 .005 89.52
(0.009) (p < .001)
Math .361 < 0.001 .342 .381 213 .510 922.71 .005 92.79
(0.010) (p < .001)
Read .342 < 0.001 .324 .361 .205 479 684.50 .005 90.78
(0.009) (p < .001)
Gender*SES Crea —0.034 < 0.001 —0.044 —0.023 —0.088 .021 113.85 .000 46.84
(0.005) (p < .001)
Math —0.006 < 0.001 —0.018 .006 —0.066 .054 132.09 .001 54.45
(0.006) ( < .001)
Read —0.026 < 0.001 —0.037 —0.015 —0.085 .033 126.28 .001 52.77
(0.006) ( < .001)

Notes. Crea = Creative Thinking, Math = Mathematics, Read = Reading, SE = Standard Error, 95 %-CI = 95 % Confidence Interval, 95 %-PI = 95 %
Prediction Interval, LB = Lower Boundary, UB = Upper Boundary, Q = Homogeneity Statistic, t> = Variance of True Effects, I* = percentage of total
variation in effects across countries that is due to true between-country heterogeneity rather than chance. Gender coding: 0 = female, 1 = male.
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4. Results
4.1. Meta-analysis of the relationship between cognitive domains, gender, and SES

Gender. The overall estimates for creative thinking, mathematics, and reading from the cluster-robust random-effects meta-
analysis can be found in Table 1 (for similar results regarding the HISEL cf. SM Table 6).

Our findings reveal significant gender differences in all three domains. Female students outperformed male students in creative
thinking tasks, as indicated by a significant negative estimate for gender. This effect is robust across countries with a true between-
country variance of t? = 0.009, indicating moderate heterogeneity in the size of this main effect. Thereby, the largest effect sizes
could be observed for Jordan (JOR), the Palestinian territories (PSE), and Saudi-Arabia (SAU). The smallest effect sizes were found for
Peru (PER), Chile (CHL), and Mexico (MEX). In mathematics, the gender differences were not statistically substantial, but the 1 value
of 0.012 also suggests variability across countries. In reading, female students again demonstrated stronger performance compared to
male students, and this effect was consistent, though with some variability across countries as indicated by an 2 value of 0.011. An
overview of effect sizes for each country or economy within each domain is depicted in Fig. 1 (for HISEI, cf. SM Fig. 3). In addition to
that, we have depicted these effects on a global map (Fig. 2; for HISEIL, cf. SM Fig. 4) to give a spatial impression of the global dis-
tribution of countries that were part of the current analysis.

To complement the mean-level analyses, we also examined gender differences in the variability of creative thinking performance
across countries using the above-mentioned InVR estimates. This approach allowed us to assess whether the spread of creative thinking
scores differs between female and male students, beyond average performance gaps. A cluster-robust random-effects meta-analysis
across the 62 participating countries and economies resulted in a pooled InVR of —0.032 (SE = 0.013, p < .05), suggesting that fe-
male students’ creative thinking scores were, on average, slightly less variable than those of their male peers. Back-transforming this
estimate yields a variance ratio of 0.97 (95 %-CI: [.94 — 0.99]; 95 %-PI: [—0.24 - 0.18]), indicating approximately 3 % lower score
dispersion among females. While statistically significant, this effect is modest in magnitude. Importantly, heterogeneity in these InVR
estimates was considerable, as reflected by a t2 value of 0.105, indicating variation in gender-based variability ratios across countries

Main Effect Gender — Countries Sorted by Creative Thinking Effect

Creative Thinking Mathematics Reading
JOR Soo. ! ' T — '
PSE — ! —— ! . |
SAU —_—— ! — —_—— 1
FIN — s ' P ) —— |
SVN —— 4 Al e d
JAM B ! —_— e {
QAT o ! —— i |
PHL e ' o ! —— 1
MLT — 1 —a— S |
ISL o ! b — |
THA —_—— | —a —_—— I
ARE —-— ' — —— '
EST B S [ [ e - ]
HKG — ] R R 1
MNG — | —h—| e |
MAC —a— 1 1 —h— —— Il
ALB . | —a— | S s '
AZE —— I —h— e |
TWN —_— | ——e —— i
DOM . i b=k —— !
i 5 s == =
BRN —. : e, : = :
?_\b/l;}x( D ! | ——— e i
~ NLD —_— ! | S — —— !
Q  GRC —_— ! N a e |
B DEU —.— ! e | i
(8] NZL .o ! ke s |
© Overall = ! 7S @ |
ISR e I —a ——— I
g MAR - 1 —r— e - ]
SVK —— | ] —— |
= MYS —— | —h— e |
£ PoL —a— | A —e— |
=3 MDA B ] A —— ]
Q BGR —— ] —a — 1
O KOR —_— ' | ———— e |
AUS e —A —pn
MKD . : A : e - :
KAZ —— =%
o == - i —
BRA —-— |4 —— i
o = 2= 1
ESP . ] ! e !
BEL — ' | i e |
PRT —.— ! L —a— . |
HUN —_— ! [ 2 I |
SGP o ! ! o e !
uzse —— ! b e 1
ITA ——} l § O T—— |
ROU R I | —h e ]
CcOL - 1 | —h— —— I
PAN — —th—— — '
SLv —— +—— —— !
IDN —.— —_—— e |
UKR — e — —_—— |
URY —a— | —h— —e— |
PER —a— | == |
CHL —a— I —h— ——)
MEX — | —— —— Il
-0.6 -0.3 0.0 0.3 -0.6 -0.3 0.0 0.3 -0.6 -0.3 0.0 0.3
Standardized Regression Coefficients Standardized Regression Coefficients Standardized Regression Coefficients

Fig. 1. Forest plot of the main effect of gender (Controlled for SES and Gender*SES).

Notes. Countries are denominated regarding their ISO-3166-1 A-3 Codes (https://www.iso.org/iso3166-country-codes.html). The overall meta-
analytical effect size for each domain is presented at the top of each panel. The depicted intervals for the single effects are 95 % confidence in-
tervals. A positive effect sizes indicates advantages for males, whereas a negative effect size indicates advantages for females.
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Gender Effects on Creative Thinking (Controlled for SES and Gender*SES)
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Fig. 2. Map of the main effect of gender (Controlled for SES and Gender*SES).
Note. A positive effect sizes indicates advantages for males, whereas a negative effect size indicates advantages for females.

and economies.

SES. SES was also observed as a strong and consistent predictor of performance across all three domains. Higher SES was associated
with better performance in creative thinking, mathematics, and reading. The effect sizes suggest that for each unit increase in SES,
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there was a corresponding increase in performance by approximately 0.33 SDs in creative thinking, 0.36 in mathematics, and 0.34 in
reading. True between-country variance in this effect was reflected in t> estimates of 0.005 for all three domains. Regarding creative
thinking, the smallest effects were observed for Korea (KOR), Uzbekistan (UZB), and Jamica (JAM), whereas the largest effects were
found for Bulgaria (BGR), Hungary (HUN), and Romania (ROU). Again, the effect sizes for each country or economy within each
domain are depicted in Fig. 3 (for HISEI, cf. SM Fig. 5), and an additional map is provided in the supplementary materials (SM Fig. 1;
for HISEL cf. SM Fig. 6).

Gender x SES Interaction. While the interaction between gender and SES was statistically significant across all three domains, the
effect size was smallest for mathematics, followed by reading, and largest for creative thinking. For creative thinking, the negative and
significant interaction suggests that the SES advantage is slightly larger for female students than for male students. However, the
estimated t> value of 0.000 indicates very low heterogeneity, suggesting that this pattern is highly consistent across countries. In
mathematics, the interaction effect was also negative, indicating that the SES advantage may be somewhat stronger for female students
— the corresponding 12 value of 0.001 suggests limited variation across countries. Similarly, in reading, the interaction effect was small
and negative, with t> = 0.001, again suggesting a largely consistent cross-national pattern. These results imply that across domains,
there is a very slight trend for high SES to benefit female students more than male students, though the effects are rather small. The full

set of interaction effects is illustrated in Fig. 4 (for HISEI, cf. SM Fig. 7), with an additional map provided in the supplementary
materials (SM Fig. 2; for HISEI, cf. SM Fig. 8).

4.2. The moderating effect of macro-level variables

To better understand the contextual variation in disparities across countries, we examined whether macro-level variables of these
respective countries moderate the observed effects of gender, SES, and their interaction on the student performance in creative
thinking, mathematics, and reading. Specifically, we considered four macro-level moderator variables: OECD membership, the Global
Gender Gap Index (GGGI), the Human Development Index (HDI), and Power Distance (PD). The corresponding results can be found in
Table 2 (for HISEI and OECD membership, cf. SM Table 7).
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Fig. 3. Forest plot of the main effect of SES (Controlled for Gender and Gender*SES).

Notes. Countries are denominated regarding their ISO-3166-1 A-3 Codes (https://www.iso.org/iso3166-country-codes.html). The overall meta-
analytical effect size for each domain is presented at the top of each panel. The depicted intervals for the single effects are 95 % confidence in-
tervals. A positive effect sizes indicates advantages for males, whereas a negative effect size indicates advantages for females.
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Interaction Effect Gender*SES — Countries Sorted by Creative Thinking Effect
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Fig. 4. Forest plot of the interaction effect of gender*SES (Controlled for Gender and Gender*SES).

Notes. Countries are denominated regarding their ISO-3166-1 A-3 Codes (https://www.iso.org/iso3166-country-codes.html). The overall meta-
analytical effect size for each domain is presented at the top of each panel. The depicted intervals for the single effects are 95 % confidence in-
tervals. A positive effect sizes indicates advantages for males, whereas a negative effect size indicates advantages for females.

For creative thinking, none of the macro-level variables significantly moderated the main effects of gender or SES, suggesting that
these effects are highly stable across diverse national contexts, regardless of economic development, gender equity, or cultural hi-
erarchy. However, one statistically significant moderator for the interaction between gender and SES could be observed: OECD
membership. The interaction effect was slightly stronger in OECD countries, indicating that in these countries, the SES advantage may
be more similar for boys and girls, while in non-OECD countries, the SES advantage might lean slightly more toward one gender.
Although the effect was small, the consistency across countries suggests a stable pattern.

For mathematics, several macro-level variables significantly moderated the observed effects. The gender main effect was more
pronounced in OECD countries and in countries with a higher HDI, suggesting that economic and societal development may be
associated with stronger gender differences. In contrast, gender differences were smaller in countries with higher power distance,
suggesting that more hierarchical societies may have smaller gender gaps. Students’ socio-economic background also had a stronger
effect on mathematics performance in OECD countries, possibly because more developed education systems can increase SES-related
differences. We did not find any significant effects for the interaction between gender and SES in this domain.

In reading, both OECD membership and HDI significantly moderated gender effects, with female students showing greater ad-
vantages in more developed and economically advanced countries. Similarly, SES effects on reading were more pronounced in OECD
countries. Importantly, the interaction between gender and SES was also moderated by HDI. No other significant moderator effects
were found for reading.

Lastly, moderation analyses examining the heterogeneity in gender-based variability in creative thinking (as reflected by InVR
effect sizes) revealed several significant macro-level predictors. OECD membership was associated with reduced gender variability,
with lower male-to-female score dispersion in member countries (b = —0.095, 95 %-CI [-0.141, —0.050], p < .001; 95 %-PIL: [-0.19 -
0.20]). Similarly, higher HDI scores predicted significantly smaller gender variance gaps (b = —0.909, 95 %-CI [-1.22, —0.598], p <
.001; 95 %-PI: [-0.15 - 0.17]), suggesting that more developed (in terms of what the HDI depicts) countries tend to exhibit less gender-
based variability in creative thinking. Power distance was a positive moderator (b = 0.002, 95 %-CI [0.0007, 0.0030], p < .05; 95 %-PI:
[-0.27 - 0.15]), indicating that in more hierarchical societies, male score dispersion may increase. In contrast, moderation analyses
involving the GGGI were not statistically significant (b = —0.465, 95 %-CI [—1.06, 0.127], p = .113; 95 %-PI: [-0.27 - 0.07]).
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Table 2
Results of meta-regressions including moderator variables.
95 %-CI 95 %-PI
Outcome Predictor Moderator Est. p LB UB LB UB QM 72
(SE) (df=1)
Crea Gender OECD .025 .351 —0.029 .079 —0.488 —0.086 .859 .009
(0.027) =.358)
GGGI .079 .829 —0.699 .857 —0.476 —0.059 .095 .009
(0.360) =.759)
HDI .041 .862 —0.527 444 —0.490 —0.053 .049 .007
(0.235) =.825)
PD .001 .086 —0.000 .002 —0.458 —0.095 2.96 .007
(0.001) =.093)
SES OECD .024 191 —0.012 .061 179 469 1.60 .005
(0.018) =.211)
GGGI .264 102 —0.060 .588 210 .498 2.21 .005
(0.150) =.142)
HDI .044 461 —0.205 .293 .190 483 125 .005
(0.001) =.725)
PD .000 461 —0.001 .001 .200 483 .559 .004
(0.001) =.459)
Gender*SES OECD .025 < 0.01 .006 .043 —0.096 .008 6.34 .001
(0.009) (@ < .05)
GGGI .036 .694 —0.154 225 —0.073 .017 .152 .000
(0.089) =.698)
HDI .293 < 0.01 129 456 —0.093 —0.005 24.1 .000
(0.079) (p < .001)
PD —0.000 .270 —0.001 .000 —0.065 .028 2.65 .000
(0.000) =.111)
Math Gender OECD 118 < 0.001 .069 116 —0.221 177 20.0 .009
(0.024) (p < .001)
GGGI .537 .073 —0.057 1.13 —0.172 .285 3.80 11
(0.275) =.056)
HDI 778 < 0.001 .368 1.19 —0.204 .193 21.5 .009
(0.199) (p < .001)
PD —0.002 < 0.05 —0.003 —0.000 —0.093 .285 6.26 .008
(0.001) (p < .05)
SES OECD .060 < 0.05 .024 .095 .195 477 10.5 .005
(0.018) (@ < .01)
GGGI .260 .165 —-0.122 .641 .233 .528 2.16 .005
(0.177) =.148)
HDI 224 .079 —0.028 475 .207 .503 3.28 .005
(0.122) =.076)
PD .000 474 —0.000 .001 251 .504 .550 .003
(0.001) =.462)
Gender*SES OECD .017 137 —0.006 .040 —0.076 .048 2.45 .001
(0.012) (=.123)
GGGI —0.049 .682 —0.298 .200 —0.060 .047 .236 .001
(0.116) (p =.629)
HDI 232 .052 —0.002 .466 —0.086 .047 9.55 .001
(0.114) (p <.01)
PD —0.000 .455 —0.001 .001 —0.050 .063 1.49 .001
(0.000) (p = .228)
Read Gender OECD .075 < 0.01 .024 126 —0.526 —0.125 7.83 .010
(0.026) (p < .01)
GGGI .280 .362 —-0.359 919 —0.476 —0.071 1.29 .009
(0.296) (p =.261)
HDI .489 < 0.05 .018 .960 —0.532 —0.105 7.37 .010
(0.228) (@ < .01)
PD —0.001 213 —0.002 .000 —0.410 —0.079 1.40 .006
(0.001) (p =.243)
SES OECD .036 < 0.05 .003 .070 .190 464 4.10 .004
(0.017) (p < .05)

(continued on next page)
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Table 2 (continued)

95 %-CI 95 %-PI
Outcome Predictor Moderator Est. )4 LB UB LB UB oM 72
(SE) df=1
GGGI .233 194 -0.134 .601 227 227 2.02 .004
(0.170) (p =.161)
HDI .065 .575 -0.170 .299 .210 .210 .324 .004
(0.114) (p=.571)
PD .001 217 —0.000 .001 .239 .239 1.35 .003
(0.000) (p =.252)
Gender*SES OECD .020 .053 —0.000 .041 —0.094 .024 3.73 .001
(0.012) (p = .058)
GGGI —0.041 723 -0.279 .198 —0.081 .034 .164 .001
(0.112) (p = .687)
HDI .204 .096 .007 402 —-0.102 .026 8.22 .001
(0.096) (@ < .01)
PD —0.000 .592 —0.001 .001 —0.076 .040 .667 .001
(0.000) (p = .419)

Notes. Crea = Creative Thinking, Math = Mathematics, Read = Reading, SE = Standard Error, 95 %-CI = 95 % Confidence Interval, 95 %-PI = 95 %
Prediction Interval, LB = Lower Boundary, UB = Upper Boundary, QM = Moderator Test Statistic, t> = Variance of True Effects. Gender coding: 0 =
female, 1 = male.

Together, these findings suggest that while socio-demographic disparities in creative thinking remain stable across national contexts,
even after introducing moderator variables, performance differences in mathematics and reading are more sensitive to structural and
cultural characteristics of the respective countries and economies. Macro-level factors such as OECD membership and human
development (as indicated through the HDI) appeared as the most important moderator variables, although their influence was not
uniform across all predictors and domains. Instead, their effects varied depending on whether gender, SES, or their interaction was
considered.

5. Discussion

Taken together, in this study we have used an innovative methodological approach (cf., Brunner et al., 2023) to analyze and
integrate the data from 62 countries that have participated in the innovative domain creative thinking in the PISA 2022 study, as well as
data from the two other crucial domains of PISA 2022: mathematics and reading. In sum, our results highlight the effects of gender and
SES for the cognitive domains as well as for creative thinking as assessed in PISA 2022.

Regarding our first research question, we found that female students consistently outperformed male students in creative thinking
across countries, with slightly greater score dispersion observed among male students; however, the magnitude of these differential
effects varied considerably between the countries. A similar female advantage was found for reading, whereas male students showed a
slight but significant advantage in mathematics. Regarding our second research question, we found that SES was a strong predictor of
performance across all domains (including creative thinking), with higher SES correlating with better outcomes - this was true for two
competing SES indices, that is, ESCS and HISEI (cf. Supplementary Materials). We observed that SES predicted creative thinking to a
similar extent as it predicted performance in the other cognitive domains of mathematics and reading. The interaction terms (Gen-
der*SES) were mostly negligible.

To contextualize the observed gender and SES effects in our study, it is helpful to consider typical benchmarks from the literature.
Voyer and Voyer (2014) reported a mean gender difference in academic achievement of d = 0.225 (95 % CI [0.201, 0.249]), with the
strongest female advantage found in reading-related domains. This aligns with our findings in both reading and creative thinking. For
SES, meta-analyses have consistently shown moderate associations with academic achievement, typically ranging fromr = 0.22tor =
0.29 across subjects (Liu et al., 2022; Sirin, 2005), which closely matches the effect sizes observed in our analyses for creative thinking,
mathematics, and reading.

Additionally, we examined whether country-level variables could account for cross-country variation in socio-demographic dis-
parities in creative thinking and the other domains. Specifically, we tested four macro-level moderators—OECD membership, HDI,
GGGI, and cultural power distance—across all models. Overall, the disparities in creative thinking associated with gender and SES
were remarkably stable with regards to these different macro-level moderators and less susceptible to variation by these structural and
cultural variables than those observed in mathematics and reading. In contrast to the stronger and more context-sensitive moderator
effects found for the traditional academic domains (mathematics and reading), the consistency of effects in creative thinking suggests
that social inequalities in this innovative domain may be existent due to more country-level structural characteristics.

5.1. What factors promote creative thinking?

Gender Differences and Their Implications. Based on the PISA 2022 assessment the short answer to the question which factors
promote creative thinking might be: Being Female and Being Well-Situated. However, short answers often also fall short in grasping the
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complexity of the issue at hand. Therefore, it is important that our findings are embedded into the previous literature and that
awareness of potential limitations is raised.

First, the finding that female students outperform male students in creative thinking is consistent with previous meta-analytical
findings in the literature (e.g., Abdulla Alabbasi et al., 2022; Taylor et al., 2024). However, the effect observed across diverse
countries and economies participating in the PISA study was larger than those reported in the literature. This discrepancy may partly
stem from differences in how creativity has been assessed: as a creative thinking skill versus as some form of achievement-related
variable, or simply through self-reported behavior (Abraham, 2016; Baer & Kaufman, 2008). In light of the greater male variability
hypothesis—which posits that males exhibit wider score distributions in cognitive traits, and in this case, creative thinking (cf., Taylor
et al., 2024)—our results provide only limited support: while male students did show slightly higher variability in creative thinking,
the effect was small and context-dependent. This suggests that although male dispersion may contribute a little to gendered patterns in
creative thinking, it cannot fully account for the consistent female advantage observed at the mean level in the current global dataset.
The wide prediction intervals—spanning near-zero and both negative and positive effects—highlight substantial residual heteroge-
neity across countries, suggesting that the strength and even direction of these associations may vary in future samples.

Remarkably in this context, the well-documented gender differences favoring females in creative thinking, which suggest greater
creative potential for females, do not explain the disbalance in creative accomplishments or achievements, which tend to be more
salient for males than for females (Abraham, 2016; Baer & Kaufman, 2008). Future research should therefore explore factors (such as
rewards, as suggested by Abraham, 2016) that might contribute to gender differences, as well as how these differences in creative
potential lead to creative behavior and, ultimately, creative achievements (Preckel et al., 2020; Benedek, 2024).

Another reason for the higher gender effects may be the specific age group of the PISA study. Adolescents, or emerging adults, are
known to be undergoing substantial developmental dynamics regarding relevant traits such as task motivation which are known to be
moderated by gender (Barbot et al., 2016). Finally, it would have been interesting to see whether gender differences varied by context
domain (e.g., social versus scientific problem-solving) or whether these differences might be subject to effects based on expressional
modalities. It remains an open question whether the observed gender differences would be more nuanced in verbal or figural
expressional modalities. Although separate modality scores were not available at the time of the analysis, it seems promising to further
investigate this assumption, because the observed gender differences in creative thinking were quite similar to those observed in
reading. After all, one could speculate that creative thinking is affected due to differences in basic literacy levels.

Socio-Economic Status Effects and Their Interpretation. To better understand the observed cross-national variation in SES effects
on creative thinking, it is helpful to reflect on how SES has been conceptualized and measured in educational research. Previously, SES
has been assessed via different indicators or as a composite score of different indicators (e.g., Antonoplis, 2023; Avvisati, 2020). These
indicators can include parental education, highest parental occupation (Highest International Socio-Economic Index of Occupational
Status; HISEI), but also household goods such as books at home (Avvisati, 2020). While HISEI is a widely used and informative proxy
for the economic standing of a family, more comprehensive indices such as the Economic, Social and Cultural Status (ESCS) index have
been proposed to better capture the multidimensional nature of socio-economic background (Ehmke & Siegle, 2005). ESCS combines
information on parental education, occupational status, and household possessions. Unlike single-indicator approaches, ESCS reflects
the theoretical breadth of socio-economic background by integrating educational, occupational, and material resources. This multi-
dimensional perspective has been shown to more reliably detect social disparities in educational outcomes and better account for
variation in student achievement across systems, especially when the goal is to model cumulative socio-economic effects rather than
isolate single pathways (Akukwe & Schroeders, 2016; Ehmke & Siegle, 2005). In line with this perspective, cultural capital—reflected
in parental education and culturally relevant household items such as books and artworks—has been identified as a distinct component
of SES with independent predictive value for educational success (Ehmke & Siegle, 2005; Tunmer, Chapman, & Prochnow, 2006).
Beyond their material role, such cultural resources function as social signals that contribute to mechanisms of inclusion and exclusion
in educational settings (Lamont & Lareau, 1988). Moreover, research has shown that cultural practices can serve as mediators between
structural SES components and academic achievement, further supporting the need for multidimensional SES indicators (Baumert
et al.,, 2003). Importantly, our use of the multidimensional ESCS index—as well as the consistent findings obtained with the
HISEI—suggests that SES effects on creative thinking are robust across operationalizations, implying that the observed cross-country
heterogeneity is unlikely to be driven solely by how SES is measured. This suggests that the impact of SES on educational outcomes
varies across different countries or economies, maybe reflecting variations in how socio-economic advantages are translated into
educational opportunities.

We observed SES as a strong predictor of performance across all cognitive domains. While previous meta-analytical evidence
suggested that SES would predict performance in creative thinking, we expected it to be less influential as compared to its influence on
mathematics and reading (Acar et al., 2022). This would have supported the notion that "necessity is the mother of invention*, but our
findings did not reveal any differences in the prediction of creative thinking relative to the other cognitive domains. This can be
considered unfortunate, because it means that educational goals, like gaining literacy in some cognitive domain, is across the board
dependent on circumstances that one cannot choose for oneself (e.g., Li et al., 2023; Lindo, 2014). This stresses the importance of
addressing socio-economic inequalities in education policy, particularly in ensuring that students from lower SES backgrounds receive
adequate support to close performance gaps.

While SES showed a strong and consistent effect on creative thinking across countries, some degree of cross-national heterogeneity
remained. However, none of the macro-level variables tested—such as OECD membership, HDI, GGGI, or power dis-
tance—significantly moderated this effect in the creative thinking domain, suggesting a globally persistent link between socio-
economic advantage and performance. Likewise, gender-related mean differences in creative thinking remained largely unaffected
by these contextual indicators. Interestingly, however, the variability of scores across gender—rather than the average gap—did vary
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by macro-level features, including OECD status, HDI, and power distance. This indicates that while the direction and strength of gender
effects are stable, national contexts still influence how nuanced the dispersion of students might be within each gender group.

Further possible explanatory variables might include broad contextual differences, such as variations between national educational
systems or basic educational values. Additionally, more pragmatic issues like the extent to which the teaching of 21st century skills is
implemented into a curriculum might be considered (Kain et al., 2024). Apart from such educational aspects, variables that rather
tangent real-life circumstances in different countries, like access to extracurricular activities or cultural programs might be important
(Yum, 2017). These ideas are also supported by recent ideas distinguishing between self-referenced and socially-referenced aspects of
creativity (Dumas & Kaufman, 2024; Dumas et al., 2024). At age 15, lower SES students and males may primarily exhibit
self-referenced creativity—ideas that are novel and useful to them but not necessarily to others—whereas the PISA assessment, scored
by external raters, reflects socially-referenced creativity. This distinction suggests a developmental trajectory in which students may
require increased domain knowledge and metacognitive skills to create ideas with broader social relevance, an area that may benefit
from educational interventions targeting collaborative and knowledge-based creative activities.

Additionally, it would be valuable if future research would examine the effect of SES on other non-ability creativity measures
included in the PISA 2022 study, such as individual beliefs about creativity and environmental factors like creative activities in schools.
SES may play a different role in these areas as compared to performance measures. Although this was not the scope of the current work,
we believe that this would reveal additional findings of educational interest. Interestingly, the minimal impact of OECD membership
and related moderator variables on the relationship between gender and creative thinking performance suggests that factors related to
economic development typically associated with OECD countries (OECD, 2024c), do not significantly influence gender differences in
this domain. This conclusion was further strengthened using additional moderator variables on the macro-level. This calls for further
investigation into other moderating variables, such as urban versus rural locations, parental involvement, peer influence, mental
health and well-being, or educational quality that might explain these differences.

5.2. Specific limitations of the assessment of creative thinking in PISA 2022

The PISA 2022 study has been the first international effort to measure creative thinking in a large-scale setting across the globe.
However, there are several points that should be discussed critically when it comes to the assessment of creative thinking in such an
effort (for a recent call regarding opportunities, challenges, and cautions, cf. Barbot & Kaufman, 2025).

The theoretical structure of creative thinking comprised of three facets (generate diverse, generate creative and evaluate/improve
ideas) as well as four contexts (written and visual expression, social and scientific problem solving) (OECD, 2023a); however, due to
psychometrical considerations regarding scaling this theoretical structure was diminished to one total score reflecting creative
thinking as an overarching construct. This modeling decision has not been empirically justified so far and it raises the question whether
a total score obscures more nuanced insights. Furthermore, it can be criticized that based on the balanced incomplete block design as it
is applied in PISA a number of students have only seen a few or even no creative thinking questions, but as typically carried out in PISA
they have still received a plausible value. Future studies—as soon as scaling variants allow for it—should, therefore, focus on modeling
creative thinking facets and contexts and should provide further evidence for the application of one value as well as for the effects that
can be possible attributed to the balanced incomplete block design and the application of the plausible values.

Furthermore, it should be acknowledged that a highly time-extensive human coding of responses was realized, which, although
considered a gold standard for DT scoring (Reiter-Palmon et al., 2019), differed notably from common procedures (Saretzki et al.,
2024). Future studies should address this shortcoming and compare more frequently used scoring procedures, or even novel
computerized scoring approaches based on large-language models (Goecke et al., 2024; Patterson et al., 2023), to the one applied here.
Investigating scoring decisions might be helpful in preventing culture or country-specific coders’ biases. In addition to that, while the
PISA assessment aims for cross-cultural comparability, the standardized scoring of verbal tasks may still carry cultural-linguistic
biases. As Barbot and Kaufman (2025) note, test content and scoring procedures—though technically uniform—may inadvertently
reflect Western norms of expression, potentially disadvantaging responses that reflect other communicative styles. In this regard,
figural tasks such as visual expression may be less culturally constrained and warrant separate consideration in cross-national
comparisons.

Although the advisory group made extensive efforts to design the creative thinking assessments, it’s important to recognize the
substantial overlap between creative thinking and other cognitive domains (OECD, 2024a). This overlap may stem from basic com-
petencies, such as reading, that are necessary for success across all PISA domains. However, from a multi-trait-multi-method
perspective, the correlations between creative thinking and other cognitive domains are notably lower than the correlations among
those other domains. This raises an interesting question about whether different facets or contexts of creative thinking correlate
differently with the mathematics, reading, and science domains. Additionally, shared competencies like reading could influence re-
lationships between creative thinking and factors such as SES or gender. An assessment of creative thinking that relies less on reading
may come to different conclusions.

Lastly, given the overlap between creative thinking and the PISA core domains, it would be interesting to investigate outcome
variables (e.g., creative achievements; Benedek, 2024) that might be solely/or to a higher degree explained by creative thinking than
by the core domains. Such outcome variables can range from actual creative achievements (Benedek, 2024) to the choice of certain
(potentially creative) occupations (e.g., based on O*Net; Cifuentes et al., 2010). Given the current results, it seems at least questionable
to consider creative thinking measures somewhat less biased than measures of other cognitive domains, such as mathematics and
reading (Kaufman, 2010) —although implementing such measures might certainly help to get a more holistic picture of a student taking
those tests.

16



B. Goecke et al. Thinking Skills and Creativity 59 (2026) 101963

6. Conclusion

In summary, our analysis of data from 62 countries, using an integrative meta-analytical approach to individual participant data,
reveals that both gender and SES significantly influence performance in creative thinking. Our findings suggest that female students
consistently outperform male students in creative thinking, while SES remains a strong predictor of performance across all studied
domains, including creative thinking, mathematics, and reading. Given these results, policymakers should prioritize addressing the
substantial impact of SES on educational outcomes and the persistent gender disparities. Interventions aimed at reducing SES-related
inequalities, such as providing targeted financial support, enhancing early childhood education, and ensuring access to quality
educational resources, may be crucial not only for improving core academic domains but also for fostering creative thinking. These
findings emphasize the importance of creating an educational environment that supports all students, regardless of gender or socio-
economic background, in developing skills arguably necessary for success in the 21st century.
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