
 

 

CROSS-CULTURAL DIFFERENCES IN DIVERGENT THINKING AND 

EVALUATIVE SKILL 

by 

YAWEI GUO 

(Under the Direction of Tarek Grantham and Bonnie Cramond) 

ABSTRACT 

As an important component of creativity, evaluative skill refers to the ability to 

accurately judge ideas on creativity or originality. Although the importance of the evaluative 

component is recognized in most creativity models, studies on this construct are lacking 

compared to those on divergent thinking (DT). Creativity research in the cross-cultural context is 

an emerging field. In light of the differences in the creativity conception that compared to 

Westerners (Americans and Europeans), Easterners (Asians) put more emphasis on following 

traditions and norms, this evaluative component should be important in Asians’ creativity. 

Therefore, the present study investigated the differences in evaluative skill as well as DT 

between American (n = 341) and Chinese (n= 345) colleges students with four types of DT tests 

and corresponding evaluation tasks (Line Meanings, Uses, Instances, and Consequences) via 

latent mean comparisons, which were conducted after the measurement invariance (MI) of the 

measures was established. Results supported the multidimensionality of both constructs of DT 

and evaluative skill based on the different tasks used. Multi-group confirmatory factor analyses 

supported configural, weak and strong MI for the revised multidimensional model for both DT 

and evaluative skill. In addition, latent mean comparisons demonstrated higher performance of 



American individuals on DT fluency (on Line Meanings, Uses and Consequences) and DT 

originality (on Line Meanings and Consequences) compared to their Chinese counterparts. It also 

showed higher performance of American respondents on evaluative skill based on the Uses 

evaluation task compared to Chinese peers, whereas no difference emerged on that based on the 

Line Meanings evaluation task. Last, in terms of the cultural orientation used to interpret the 

differences, structural equation modelling results showed that the dimension of vertical 

collectivism consistently negatively predicted both DT and evaluative skill across different tasks. 

Overall, the findings suggested that there are cross-cultural differences in people’s evaluative 

skill, and this pattern is different from that in divergent thinking. This study also demonstrates 

the importance of testing MI of the measures before comparing creativity differences cross-

culturally.  
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CHAPTER 1 

INTRODUCTION 

This chapter begins by introducing the main concepts and stating the problems to be 

researched. Then it introduces the goals of the study, followed by the research questions, and the 

overview of the study. 

History is replete with cases in which creative ideas or work were initially rejected, 

which brought great losses to individuals or even the society (Licuanan et al., 2007; Mueller et 

al., 2018). For example, J. K. Rowling’s best seller Harry Potter was initially rejected by many 

publishers. Kodak failed to identify the creativity of digital photography, and thus, nearly put 

itself into bankruptcy (Lucas & Gog, 2009). In addition, the flying machine invented by the 

Wright Brothers was ignored by the US military at first sight (Licuanan et al., 2007).  

The above-mentioned examples point to the problem in terms of creative idea evaluation. 

Evaluative skill (Runco & Smith, 1992), or the ability to accurately identify creative ideas, is 

recognized in most creativity theories (e.g., Campbell, 1960; Cropley, 2006; Reiter-Palmon et 

al., 2012; Simonton, 1988; Wallas, 1926), and is critical to creative achievement and creative 

idea implementation (Kasof, 1995; Runco & Smith, 1992). However, creativity research thus far 

has emphasized idea generation or divergent thinking (DT), and empirical research on the 

evaluative component is relatively lacking (Kozbelt, 2007; Silvia, 2008). According to Cropley 

(2006), poor evaluative skill can result in at least two negative outcomes. First, if people rate a 

novel idea as common or unoriginal, they may lose the opportunity, and thus, inhibit creativity. 

Second, if individuals judge a commonplace idea as creative this may bring the risk of seriously 
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negative changes (e.g., a misallocation of resources to that idea). As mentioned above, there have 

been many cases in history in which creative ideas or products were rejected; therefore, 

advanced evaluative skill could benefit the society.  

Creativity research in the cross-cultural context is an emerging field (Karwowski et al., 

2020; Niu & Kaufman, 2013); however, similarly to creativity research more broadly, most 

studies in this area have focused on DT, and research on evaluative thinking is rare (Ivancovsky 

et al., 2019). When considering cross-cultural differences in the creativity concept between 

Westerners (Americans and Europeans) and Easterner (Asians), the latter group tends to put 

more emphasis on following traditions and norms even for new ideas. Therefore, this evaluative 

component should be important in Asians’ creativity (Niu & Sternberg, 2006). In terms of the 

relationship between DT and evaluative skill, Charles and Runco (2001) hypothesized that the 

fourth-grade slump in children’s DT may be related to an increase in their evaluative abilities. In 

a similar vein, it is assumed that differences observed between East Asians and Western 

populations on DT tests (e.g., Deng et al., 2016; Zha et al., 2006) may be relevant to their 

differences in evaluative skill. Therefore, the main goal of the present dissertation study was to 

investigate cross-cultural differences in evaluative skill.  

Notably, when administering measures to people from different cultures, it is important to 

ensure the measures assess the construct in the same way, that is, the construct has the same 

meaning interpreted by different groups. In other words, measurement invariance (MI) across the 

groups should be satisfied (Byrne & Watkins, 2003). Different cultures may have different 

influences on individuals’ perceptions and manifestations of creativity (Niu & Sternberg, 2002), 

and researchers have previously expressed concerns about the construct validity of creativity 

tests (e.g., DT tests) administered in cross-cultural contexts (e.g., Karwowski, 2016; Runco, 
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2004). Despite the concerns, studies testing MI in the creativity field are generally lacking 

(Karwowski, 2016; Kuhn & Holling, 2009), particularly in cross-cultural contexts. Thus, the 

present study aimed to investigate cross-cultural differences in evaluative skill based on 

measures with established MI to reach more statistically robust conclusions. Because previous 

cross-cultural comparison studies on DT did not address the issue of MI (Guo et al., 2021) either, 

the second goal of this study was to further investigate cross-cultural differences in DT based on 

measures with assumed MI.   

In addition, regarding the reasons why there are cross-cultural differences in creativity, it 

is common for researchers to adopt cultural orientation, that is, individualism vs. collectivism, as 

the main influential factor (Ng & Smith, 2004). However, most studies have not explicitly 

measured the concept but may just regard nationality as a proxy (Xie & Paik, 2019). Also, as 

there are other dimensions of cultural orientation other than individualism vs. collectivism, for 

example uncertainty avoidance (Hofstede, 1980a; Jung, 2002), it is necessary to systematically 

investigate how various dimensions of cultural orientation affect creativity outcomes using direct 

measures of the concepts. Thus, the third goal of the present study was to investigate the 

relationships between cultural orientation and creativity based on measures found to have 

satisfactory MI.  

Taken together, the main goal of the dissertation study was to investigate cross-cultural 

differences in evaluative skill (applying measures with MI satisfied), specifically, between 

American and Chinese individuals. Secondary objectives included further investigating cross-

cultural differences in DT applying measures with MI established. Last, for all cross-cultural 

differences in evaluative skill and/or DT that were found, the study went on to explore whether 
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multiple facets of cultural orientation (i.e., individualism vs. collectivism, and uncertainty 

avoidance) can predict evaluative skill and/or DT. 

Research Questions 

Among the following seven questions, Questions 1–4 (latent structure and MI tests) were 

applied to the measures for all constructs of interest including divergent thinking, evaluative 

skill, individualism-collectivism, and uncertainty avoidance.  

For American and Chinese groups, 

RQ1: What is the latent structure of the measures? 

RQ2: Do the measures have the same factors and relationships between indicators and 

factors across the two cultural groups? 

RQ3: For the measures, are factors linked with corresponding indicators to the same 

extent (strength) across the two cultural groups? 

RQ4: For the measures, do American respondents obtain the same observed score on an 

indicator as Chinese peers who have the same ability on a respective latent factor? 

RQ5: Are there differences between the two cultural groups in divergent thinking at the 

latent level (i.e., as a latent trait)? 

RQ6: Are there differences between the two cultural groups in evaluative skill at the 

latent level (i.e., as a latent trait)?  

RQ7: Is cultural orientation (individualism vs. collectivism, uncertainty avoidance) 

associated with DT and evaluative skill?  

Overview of the Study 

The aim of the dissertation study was to investigate cross-cultural differences in DT and 

evaluative skill, and the relationships between individualism vs. collectivism, uncertainty 
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avoidance, DT and evaluative skill. College students from America and China were administered 

four types of DT tests and corresponding evaluation tasks (asking participants to rate ideas 

previously produced by others on DT tests): Line Meanings, Uses, Instances and Consequences. 

The cultural orientation measures (the individualism-collectivism test, the uncertainty avoidance 

test) and demographic measures were also administered. Multi-group confirmatory factor 

analyses (CFA) were conducted to investigate the latent factor structure and measurement 

invariance of the measures for each of the constructs of interest, based on which latent mean 

comparisons were conducted to examine the cross-cultural differences in DT as well as 

evaluative skill. In addition, the relationships between cultural orientation (individualism-

collectivism, uncertainty avoidance), DT and evaluative skill were systematically investigated by 

general SEM models.  

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

 

 

CHAPTER 2 

LITERATURE REVIEW 

This chapter first briefly reviews the theories on different components of creativity, 

including divergent thinking (DT) and evaluative skill. Next, it describes how the constructs of 

DT and evaluative skill are measured respectively. Then, it reviews the studies on the 

relationship between DT and evaluative skill, followed by a detailed literature review on culture 

and creativity. Last, the concept of measurement invariance (MI) is introduced and relevant MI 

studies on creativity are reviewed. 

Different Components of Creativity 

Creativity as a concept itself can be complex, but it is generally agreed that it represents 

the production of both novel and appropriate products or ideas (Plucker et al., 2004; Runco & 

Jaeger, 2012). Throughout the history of creativity research, many theories have emphasized the 

important role of both divergent thinking and evaluative skill in creativity (Campbell, 1960; 

Cropley, 2006; Reiter-Palmon et al., 2012; Runco & Chand, 1995; Wallas, 1926).  

Divergent thinking (DT) is defined as “cognition that leads in various directions” (Runco, 

1999, p. 577). DT deserves its place as one of the critical creative processes, because DT tests 

can provide people with unique information that is not offered by GPA or IQ tests (Acar & 

Runco, 2019). Specifically, DT tests can effectively predict creative performance in real life 

situations. For example, Plucker (1999, p. 103) reported that “just under half of the variance in 

adult creative achievement is explained by DT test scores, with the contribution of DT being 

more than three times that of intelligence quotients.”  



7 

 

Evaluative skill is defined as the ability to accurately assess each presented idea on 

important dimensions regarding creativity (e.g., originality, appropriateness, or creativity in 

general) (Grohman et al., 2006; Runco & Smith, 1992). The evaluative component was discussed 

in slightly different names in different models. For example, Wallas (1926) proposed four stages 

for creativity, which include preparation, incubation, illumination, and verification. The 

evaluative component is indicated in the stage of verification. Runco and colleagues (Runco & 

Chand, 1995; Runco & Vega, 1990) suggested a componential model of creative processes, 

which includes problem finding, ideation and evaluation. Similarly, in other models the 

evaluative activity was described in terms such as adoption criteria (Rodgers & Adhikarya, 

1979), selective retention (Campbell, 1960; Simonton, 1999), or discernment (Silvia, 2008).  

Thus far, researchers in the field of creativity have made remarkable progress in helping 

people understand idea generation (or divergent thinking); however, less is known about the 

other important component—idea evaluation (Basadur, 1995; Runco & Chand, 1994; Silvia, 

2008). This can be a problem since idea evaluation is recognized in most models of creativity 

(Mumford et al., 1991; Reiter-Palmon et al., 2012; Simonton, 1988; Wallas, 1926), and its 

importance has been acknowledged in the process of creativity (Lonergan et al., 2004; Mumford, 

2001), especially in creative achievement, and creative idea implementation (Kasof, 1995; Runco 

& Smith, 1992).  

There are two possible reasons for the relative lack of research in evaluative skill. First, 

one may understand evaluative thinking the same as traditional concepts of critical thinking or 

convergent thinking. However, this may be a misconception because there is psychometric 

evidence from previous studies demonstrating the discriminant validity of those evaluation 

measures (Runco, 1991; Runco & Dow, 2004; Runco & Smith, 1992). Specifically, those studies 
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showed nonsignificant correlations between the scores on convergent thinking or critical 

thinking and evaluative accuracy. Second, the reason may be relevant to the measures of 

evaluative skill. To measure evaluative performance, there should be a list of ideas produced first 

(Runco, 2020), which may complicate the design of the study. In addition, an evaluative 

accuracy index needs to be obtained from the raw scores of participants, and researchers had 

various views on the method of measuring evaluative accuracy (Benedek et al., 2016; Silvia, 

2008). The measurement issues on evaluative skill will be discussed in detail in later sections.  

Measurement of Divergent Thinking (DT) 

Typically, DT tests require respondents to think of various ideas in response to an open-

ended question or task (Acar et al., 2020). Popularly used DT tests include the Torrance Tests of 

Creative Thinking (TTCT; Torrance, 1966, 1974), the Guilford Tests (Christensen et al., 1953; 

Guilford, 1967, 1979), and the Wallach-Kogan Creativity Tests (WKCT; Wallach & Kogan, 

1965). The TTCT figural tests are various picture completion tasks, and the TTCT verbal tests 

include Ask and Guess, Guess Causes, Guess Consequences, Product Improvement, Uses and 

Just Suppose; the Guilford tests include Consequences, Plot Titles and Uses; and WKCT cover a 

series of tasks, such as Uses, Instances, Similarities, Line Meanings and Pattern Meanings. Other 

types of DT tests have additionally been developed, such as problem solving and problem 

finding tasks (Okuda et al., 1991; Runco & Chand, 1994).  

Different DT tests may vary in terms of their psychometric properties and are not 

equivalent (Acar et al., 2020; Runco et al., 2016). For example, studies (Okuda et al., 1991; 

Runco et al., 2016) showed that individuals obtained higher originality scores on some tasks 

(e.g., Titles) compared to others (e.g., real-world problem tests). It is often suggested that various 

types of DT tasks be used in research to reach conclusions that are more generalizable (Long & 
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Plucker, 2015; Runco et al., 2016). In addition to the type of tasks, individuals’ DT outcomes 

may vary depending on the DT output. Specifically, to score DT tests, different DT outputs or 

indices can be obtained, including fluency, flexibility, originality, elaboration, etc. (Long & 

Plucker, 2015). Fluency refers to the total number of relevant ideas produced by participants on a 

certain DT task, which is the gatekeeper score for other indices; originality represents the 

number of original (or unique) ideas produced; flexibility refers to the number of categories of 

ideas; and elaboration represents the number of details added to ideas beyond conveying the 

basic idea. Moreover, the testing environment can have an impact on DT scores. For example, 

approaching a DT task with less strict time conditions in a game-like environment may promote 

DT performance (Paek et al., 2021; Said-Metwaly, et al., 2020a; Wallach & Kogan, 1965). In 

addition, the testing instructions are also relevant to DT outcomes. A recent meta-analysis (Acar 

et al., 2020) suggested that compared with the standard instructions, explicit instructions (i.e., 

asking participants to be creative) combined with the standard instructions (i.e., asking people to 

produce as many ideas as possible) promoted DT performance. 

Measurement of Evaluative Skill 

Typically, the measurement of evaluative skill consists of two stages: In Stage One, ideas 

(usually from DT tests) are produced, and they are scored in terms of originality or creativity; 

these scores can then serve as the standard (or criterion, right answer) afterwards; In Stage Two, 

respondents are required to rate the ideas presented in terms of originality or creativity (Grohman 

et al., 2006; Runco, 2020; Runco & Smith, 1992; Runco & Vega, 1990), and these ratings are 

compared to the criterion produced in Stage One. To operationalize evaluative skill, researchers 

typically use one of the five methods to obtain an evaluative accuracy index: Top choice, hit 

rates, difference from criterion, correlation with criterion, and integrating originality and 
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appropriateness. (a) Top choice refers to that subjects choose the idea(s) they think are most 

creative, or their most favorite choice(s), and the ideas selected are compared to the criterion 

(Silvia, 2008). (b) In the hit rates method, subjects rate ideas on a Likert scale, and then their 

answers are compared to the predetermined criterion in terms of the number of correctly 

identified creative or normal ideas (Runco & Smith, 1992; Runco & Dow, 2004). (c) Difference 

from criterion refers to that participants’ ratings (on a Likert scale) on creativity are subtracted 

from the standard, and the mean absolute difference obtained for each participant can be an 

indicator of the discrepancy from the right answer (Grohman et al., 2006). (d) In the correlation 

with criterion method, subjects’ creativity ratings (on a Likert scale) are correlated with the 

actual number of people who proposed the idea, and the correlation coefficient score would be 

obtained for each person on each subtest (Charles & Runco, 2001; Runco, 1991; Runco & Vega, 

1990). (e) In the method of integrating originality and appropriateness, the dimension of 

appropriateness is considered. Specifically, subjects assign ideas to three categories: creative 

ideas (high on both originality and appropriateness), common ideas (low on originality and high 

on appropriateness), or inappropriate ones (high on originality but low on appropriateness) 

(Benedek et al., 2016). It was found that people rarely rated ideas as low on both dimensions, so 

the researchers decided to keep those three categories. Regarding the strengths and weaknesses 

of each method (see details in Benedek eta al., 2016; Silvia, 2008), it is suggested that the first 

two methods (top choice, hit rates) may be easier to implement, but the first one is a relative 

judgement and the second one can be biased by participants’ tendency to rate all ideas as creative 

or uncreative. The fifth method (integrating originality and appropriateness) has the strength of 

considering appropriateness, but subjects cannot rate the whole pool of initially generated ideas.  
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There are some factors that can affect the measure outcomes. (a) The different methods to 

obtain the evaluative accuracy index may have an impact on the outcomes as described above 

(Benedek et al., 2016; Silvia, 2008). (b) The difference in the type of tasks for idea evaluation 

(i.e., ideas rated may come from different types of DT tests) may also exert an influence (Runco 

& Dow, 2004). (c) Intrapersonal vs. interpersonal evaluation. Participants may have better 

evaluative performance in rating one’s own ideas than others’ since they understand their own 

ideational processes better (Runco & Smith, 1992). (d) Difference in evaluation instructions. For 

example, popularity instructions (i.e., asking participants to evaluate how many people among 10 

can generate the idea) may increase evaluative performance compared to creativity instructions 

(i.e., asking them to rate the creativity of an idea on a Likert scale) because the former is easier 

for people to operationalize (Runco, 1991).  

Divergent Thinking and Evaluative Skill 

Using the various methods to measure evaluative skill mentioned above, a sizable body 

of research has examined the relationship between DT and evaluative skill. However, findings 

from this line of research have been largely inconsistent. On one hand, some supported a positive 

relationship. For example, Benedek et al. (2016) reported that evaluative skill was positively 

associated with DT as well as creative achievement in college students. Similarly, Runco (1991) 

found a positive link between DT and evaluative skill by investigating children. Runco and Vega 

(1990) also documented a positive relationship between the two by asking teachers and parents 

to assess ideas produced by children.  

On the other hand, others indicated a negative or null relationship. For example, 

Grohman et al. (2006) found a negative link between DT originality and evaluative accuracy in 

high schoolers. Similarly, Guo et al. (2019) reported that participants with higher DT gave lower 
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ratings to creative ideas compared to those with lower DT. In addition, Runco and Smith (1992) 

investigated university students and found that interpersonal evaluation was unrelated to DT. 

Charles and Runco (2001) found that there was null relation between DT fluency and evaluative 

accuracy in children.  

In short, it is too early to be conclusive regarding the relationship between DT and 

evaluative accuracy, and more studies are needed to examine possible moderators of this 

relationship across studies. It should be noted that all findings of studies above were based on 

interpersonal evaluations, i.e., evaluating ideas produced by others. For intrapersonal evaluations 

(i.e., rating on one’s own ideas), Grohman and colleagues (2006) showed that individuals with 

the highest overall DT scores were more accurate than those with lowest DT scores. Runco and 

Smith (1992) also reported a positive relation between DT and intrapersonal evaluative accuracy. 

To interpret the inconsistencies of the findings, several different explanations have been 

proposed. A positive link between the two constructs has been theorized because both DT and 

evaluative skill are critical components of creativity (Cropley, 2006; Reiter-Palmon et al., 2012; 

Runco & Chand, 1995; Wallas, 1926). Specifically, Runco and Chand (1994) suggested that 

people with high DT skills excel in idea generation, and more familiar with the ideational 

process, thus they can more accurately evaluate ideas. Alternatively, other researchers have 

argued that these processes are independent of each other or even negatively correlated because 

DT belongs to the ideational process whereas evaluative skill is analytic (Grohman et al., 2006; 

Sternberg & Lubart, 1995). In addition, as mentioned above regarding the measurement of 

divergent thinking and evaluative skill, there are many factors that can affect the measure 

outcomes of both DT and evaluative skill, thus the inconsistencies of the findings may also be 

attributed to a combination of those factors, including the type of DT tasks, different DT indices, 
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the method to obtain the evaluative accuracy index, the type of tasks for idea evaluation, the 

instructions used in the evaluation tasks, etc. Further, participant characteristics (e.g., age, 

gender) may also play a role in affecting the relationship between DT and evaluative skill.  

Last, previous studies suggested that people from different cultures may demonstrate 

distinct creativity and evaluation patterns (Ivancovsky et al, 2019; Karwowski, 2016), and thus, 

culture can be another factor that leads to differences in divergent thinking, differences in 

evaluative skill, as well as differences in the relationship between divergent thinking and 

evaluative skill. Therefore, a detailed review on culture and creativity is provided in the 

following section. 

Culture and Creativity 

Creativity: East and West 

Creativity as a concept can be complex and researchers have proposed different models. 

One of the most popular was the 4P model suggested by Rhodes (1961). Within this model, 

creativity can be understood from four aspects: person, process, product and press 

(environment). Individuals’ creativity can be affected by the surrounding environment, and 

culture can be regarded as one of the environmental factors. Different cultures may have 

different values and norms, which may differentially influence various aspects of creativity 

(Kim, 2016; Niu & Kaufman, 2013; Niu & Sternberg, 2002). Most cross-cultural studies of 

creativity have been conducted between respondents from individualistic cultures such as the US 

and those from collectivistic cultures such as China and Japan (Niu & Kaufman, 2013; Puente-

Diaz et al., 2016).  

East Asians include Confucianism-influenced populations, for example, those from 

countries or regions of Mainland China, Hong Kong, Macau, Taiwan, Japan and South Korea. 
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Western populations include people who share Judeo-Christian heritage, specifically, those from 

countries or regions in Europe and North America, and other ones typically influenced by Judeo-

Christian culture such as Australia and New Zealand (Chaves, 2002; Hahm, 2003; Ng, 2003). To 

a large extent, East Asians and Western populations are each treated as monolithic groups in 

cross-cultural studies of creativity. Theoretically, East Asians have a common cultural heritage 

of Confucianism (and Taosim, Buddhism), and Western populations have shared Judeo-Christian 

culture (Averill et al., 2001; Wonder & Blake, 1992). The former are often treated as 

collectivistic societies and the latter as individualistic ones (Hofstede & Bond, 1984; Triandis, 

1995). From the viewpoint of Niu and Sternberg (2006), Western culture tends to be 

individualistic, and self-worth is based on defying the crowd and developing the self, thus their 

emphasis on creativity is originality. Alternatively, Eastern culture is collectivistic and one’s 

sense of value is built upon embracing the crowd to find one’s position in society, thus their view 

of creativity is not defying the crowd.  

 Empirically, there are numerous cross-cultural studies comparing East Asians and 

Western populations on creativity, of which most employed DT tests as creativity measures (Guo 

et al., 2021; Niu & Sternberg, 2002). In general, there seems more evidence supporting the 

higher creativity level of Western respondents. For example, Saeki and colleagues (2001) 

showed that Japanese college respondents performed significantly worse on DT tests than those 

from America. Deng et al. (2016) found that Mainland Chinese college students performed 

significantly lower on the Abbreviated Torrance Test for Adults (ATTA) than their American 

peers. In another instance, Jellen and Urban (1989) reported that children from America, 

Germany and England had higher total creativity scores than their counterparts from China after 

studying 11 countries applying the Test for Creative Thinking-Drawing Production. However, 
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there is also opposing evidence. For example, Cheung et al. (2016) documented higher DT 

scores of Chinese children compared to their counterparts from France. Similarly, Ball and 

Torrance (1978) showed that participants from Eastern cultures (e.g., Japan, China) had higher 

performance on internal visualizations (one scoring dimension of TTCT figural, Activity 3) 

when compared to peers from Western cultures (e.g., the US, Norway, and Germany).  

In addition, culture can exert an influence on the processes and evaluation criteria of 

creativity (Karwowski, 2016; Niu & Sternberg, 2006). The standard definition of creativity 

emphasizes both originality and appropriateness of ideas or products (Runco & Jaeger, 2012). 

These are consistent with the two processes involved in creativity—idea generation and idea 

evaluation (Chua, et al., 2015). The former focuses on the generation of many different and 

potentially new ideas, whereas the latter emphasizes the evaluation and selection of original and 

potentially appropriate responses. Numerous researchers have suggested that Westerners think 

highly of originality and their Eastern counterparts attach more importance to appropriateness or 

usefulness (Adair & Xiong, 2018; Morris & Leung, 2010; Nijstad et al., 2010; Xie & Paik, 

2019). This divergence in priorities can potentially be explained by the different philosophical 

root of the two cultures (Niu & Sternberg, 2006). Western culture is individualistic and regards 

creativity as a kind of divine inspiration, thus thinking of creativity as something totally new. 

The things created are totally different from existing ones thus their emphasis is on originality. In 

contrast, Eastern culture is mainly based on Confucianism, which thinks highly of family, 

benevolence, education, and hierarchical relationships (Chen & Chung, 1994; Kim, 2009). The 

things created should follow moral goodness and traditions thus their focus is on appropriateness. 

Creativity here is viewed as change or improvement of existing ideas or products rather than the 

generation of completely novel ideas. It appears that evaluative thinking is more important in 
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Eastern cultures (Niu & Sternberg, 2006), and this may cause cross-cultural differences in 

evaluative skill.  

As mentioned in previous sections, compared to studies on DT, those on evaluative 

thinking are generally lacking (Runco, 2020; Silvia, 2008), particularly in cross-cultural 

contexts. A most recent study (Ivancovsky et al., 2019) was considered the first to investigate the 

cross-cultural differences in evaluative thinking (between Japanese, Korean and Israelis), but its 

focus was on evaluative stringency rather than evaluative accuracy. Specifically, the researchers 

investigated individuals’ tendency to adopt lenient or strict criteria in judgment, that is, the 

tendency to consider ideas as more or less original, appropriate, etc., but did not examine cross-

cultural differences in the accuracy of these creativity judgments.  

Although it is too early to draw firm conclusions about cross-cultural differences in 

creativity between East Asians and Western populations, many studies have suggested that 

cultural orientation, especially individualism vs. collectivism, explains the observed differences 

(Ng & Smith, 2004). The following sections review individualism vs. collectivism as well as 

other conceptualizations of cultural orientation in the existing literature. 

Cultural Orientation: Individualism-collectivism  

According to Hofstede (1980b), individualism refers to a loosely connected social system 

in which people are assumed to care for themselves and immediate families, whereas 

collectivism represents a tightly connected system in which in-groups (e.g., relatives, clan, 

organizations) and out-groups can be distinguished, and people are loyal to in-groups. Hofstede 

(1980a) published the Individualism Index Values (1st edition) covering 50 countries as well as 

three regions. Among them, Western countries such as the US, Canada, and Australia were high 

on individualism, whereas East Asian countries or territories such as Taiwan and Korea ranked 
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low, indicating dominant collectivistic values in those societies. Individualism vs. collectivism 

was thought to be the most important aspect of cultural variation (Triandis, 1995). A review of 

the literature indicated that after cultural differences in creativity were found, it is popular for 

researchers to use the logic of individualism vs. collectivism to explain the differences (Adair & 

Xiong, 2018; Erez & Nouri, 2010).  

Specifically, individualism focuses on independence and self-initiative, which should be 

critical to novelty (Jones & Davis, 2000) whereas collectivism focuses on interdependence and 

conformity, which may hinder unique idea generation (Brew & Chen, 2007; Ng, 2001). 

Moreover, most researchers tend to regard respondents from one country as individualistic and 

the other as collectivistic and then use nationality as proxy to investigate the relationship 

between individualism vs. collectivism and creativity without directly measuring group 

differences in individualism vs. collectivism (Xie & Paik, 2019). The problem is that there are 

many other factors uncontrolled such as multicultural experiences, SES, and measurement errors 

(Cheung et al., 2016; Fee & Gray, 2012; Guo et al., 2021; Kim, 2016), and few empirical studies 

have systematically investigated whether cultural differences in creativity are indeed due to the 

individualism vs. collectivism difference. A notable exception is a study by Kim (2016), who 

directly investigated the role of individualism vs. collectivism (with a quantitative measure) in 

predicting divergent thinking among Korean college students. This study found no significant 

effect, possibly because the sample was culturally homogeneous, and thus, future studies should 

focus on groups from different cultures or subcultures to further investigate the issue. 

It should be noted that the concept of individualism vs. collectivism has been further 

refined by incorporating the horizontal vs. vertical dimension of social relationships (Singelis et 

al., 1995; Triandis, 1995). The horizontal tendency assumes that everyone is equal and similar to 
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others, and the vertical just the opposite. Horizontal individualism (HI) refers to that individuals 

want to be independent from groups, but everyone is equal to others in status, whereas in vertical 

individualism (VI) people would like to acquire status and be distinguished. Horizontal 

collectivism (HC) refers to that people have common goals and interdependent, but are similar to 

each other in status, whereas in vertical collectivism (VC) people are different from each other in 

status (e.g., ranks) despite sharing common goals and being dependent on one another. Studies to 

date have demonstrated that this four-dimensional individualism-collectivism taxonomy can 

meaningfully predict a number of creativity-related outcomes. For example, research showed 

that differences in these four dimensions mediated the relationship between cultures (Germany 

vs. Poland) and creativity mindset preference (growth vs. fixed), which are important to 

creativity-related outcomes (Tang et al., 2016). In another study (Yao et al., 2012) investigating 

Chinese employees, both HI and HC positively predicted idea generation, whereas VC positively 

affected idea implementation. 

Cultural Orientation: Multiple Dimensions 

Another influential conceptualization of cultural orientation concerns a group of four 

dimensions proposed by Hofstede (1980a) in the context of cross-cultural differences in work-

related values. Besides individualism vs. collectivism, which was discussed above, the other 

three dimensions include power distance, uncertainty avoidance, and masculinity (vs. 

femininity). Research has shown that this last dimension is not associated with innovation (Rinne 

et al., 2012; Shane, 1993), so it will not be discussed further. A high level of power distance 

indicates that there is inequality in social systems and people are assumed to conform with 

authority, which may inhibit people from proposing novel ideas (Erez & Nouri, 2010; Morris & 

Leung, 2010). Uncertainty avoidance represents the extent to which people tend to feel 
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threatened in unstructured situations (Hofstede, 1991). People from cultures with a high level of 

uncertainty avoidance feel more threatened by ambiguous situations, and thus, it is more likely 

that novelty will be avoided (Adair & Xiong, 2018).  

The multiple dimensions of cultural orientation are theoretically sound in predicting 

creativity, but empirical studies investigating this issue are lacking. Among the small number of 

relevant studies, Adair and Xiong (2018) empirically investigate the mediating role of cultural 

orientation in the relationship between cultures and creativity. They found that uncertainty 

avoidance, rather than individualism-collectivism or power distance, mediated the relationship 

between cultures and creativity conceptions (i.e., novelty vs. usefulness). In another instance, 

Rinne and colleagues (2013) analyzed traits of different cultures through the perspective of the 

four dimensions and found that individualism vs. collectivism was the only dimension that could 

predict a nation’s creativity. 

Cultural Orientation: Confucianism and non-Confucianism 

The third conceptualization on cultural orientation is Confucianism vs. non-Confucianism 

(Kim, 2009; Tan, 2016), which is less commonly researched than the previously mentioned 

dimensions of cultural orientation. As mentioned in the section regarding the definition of the 

two groups, East Asians are culturally different from Western populations because the former 

group of people are greatly influenced by Confucianism. From the perspective of Chen and 

Chung (1994), Confucianism can be summarized as an emphasis on education (e.g., rote 

learning, hard work), family system (e.g., obedience, filial piety), hierarchical social 

relationships (e.g., respecting elders, gender inequality), and benevolence (e.g., suppression of 

emotions, conformity). Kim (2009) investigated Confucianism (measured by Eastern-Western 

Perspective Scale) and creativity (by TTCT) on Korean educators, and results showed a negative 
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association between the two. Specifically, elements including gender role expectations, gender 

inequality, unconditional obedience, and suppression of emotions may hinder creativity. 

Similarly, using the same measures, Kim et al. (2011) studied Korean and American 

respondents’ level of Confucianism and creativity. They found that the former group were 

strikingly more Confucian than the latter. In addition, the American group were more adaptively 

creative and have more creative strengths than the Korean group, whereas Korean respondents 

were significantly more innovatively creative than American peers. Further, the Confucian 

elements including filial piety, gender role expectation, gender inequality, and suppression of 

expression were negatively associated with creativity.  

In summary, the former two conceptualizations of cultural orientation are largely based 

on data-driven research such as what Hofstede (1980a) did by recruiting respondents from all 

over the world and the Individualism Index Value for each country. Different from the former 

two conceptualizations, the Confucianism vs. non-Confucianism is more reflective of the typical 

mainstream East Asian culture. It might be more applicable to daily life in various domains, but 

the concept itself can be too complex.  

Based on the analysis above, there seems a general tendency that cultural orientation can 

predict creativity, but which dimension (s) can have an impact remains unclear. Besides the 

external factors mentioned in interpreting cross-cultural differences, such as cultural orientation, 

multicultural experiences, and SES (Cheung et al., 2016; Fee & Gray, 2012; Guo et al., 2021; 

Kim, 2016), researchers also proposed possible measurement issues underlying the assessment of 

creativity cross-culturally (Karwowski, 2016; Runco, 2004). Specifically, people from different 

cultures may have different conceptions of creativity (Cramond et al., 2020; Niu & Sternberg, 

2002; Shao et al., 2019), and it is important to ensure any administered assessment measures the 
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same underlying construct. There is increasing evidence showing that when culturally 

appropriate measures were used Easterners showed superior performance on creativity outcomes 

(Chen et al., 2004; Chua et al., 2015). Therefore, it is of critical importance to employ measures 

that are invariant across cultures in order to validly investigate cross-cultural differences in both 

DT and evaluative skill. Measurement invariance is reviewed in detail in the following section. 

Measurement Invariance (MI) 

Measurement invariance concerns the issue whether the indicators or items of a measure 

are understood in the same way across different conditions (Meade & Lautenschlager, 2004). 

These different conditions can include different time points, measurement methods, or 

populations. It is worth noting that in the Item Response Theory (IRT) framework, lack of MI 

refers to the concept of differential item functioning (DIF). In other words, if MI does not hold, it 

indicates existence of DIF, in which case item responses relate differently to latent constructs 

across groups (Bauer, 2017; Belzak & Bauer, 2020). Specifically, in terms of cross-cultural 

studies, MI deals with the issue whether the indicators or items of a measure mean the same 

thing among various cultural groups. For example, in the case of evaluative skill, it is critical to 

ensure MI is satisfied for measures of evaluative skill across different cultures. If the 

assumptions of MI are met, it would be valid for researchers to attribute higher observed scores 

of one group to their higher level of evaluative skill as a latent trait. Otherwise, the group 

differences in observed scores may just be a reflection of biased measurements (Wicherts et al., 

2005). 

In terms of invariance, researchers distinguished between measurement invariance and 

structural invariance (Byrne et al., 1989). The former concerns whether the indicators measure 

the latent traits in the same way across groups, whereas the latter concerns the latent traits being 
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measured relate and are distributed the same across groups, that is, whether they have the same 

factor means, factor variances and factor covariances. MI established at a certain step makes it 

legitimate to test structural invariance (e.g., comparing latent factor means), which will be 

introduced later. For measurement invariance, there are four types or steps: configural 

invariance, weak invariance, strong invariance, and strict invariance (Wu et al., 2007). Based on 

existing MI literature (Meade & Lautenschlager, 2004; Said-Metwaly et al., 2020b), (a) 

configural invariance requires that the number of factors and the factor-indicator relationships 

are the same across different groups. It is the basic level that MI should hold. (b) With configural 

invariance established, the next level of MI is weak invariance, also called pattern or metric 

invariance. Weak invariance further assumes that factors loadings (or unstandardized pattern 

coefficients) should be invariant across different groups. In other words, the slopes obtained by 

regressing items on latent factors should be the same across groups. (c) Based on the satisfaction 

of weak invariance, the next level of MI, strong (or scalar) invariance, further assumes that the 

intercepts obtained by regressing items on latent factors should be the same across groups. In 

other words, individuals of one group would obtain the same observed score on an item as peers 

of another group with the same level of latent ability. (d) Last, with strong invariance satisfied, 

the highest level of MI, strict invariance further assumes equal error covariances and variances 

across different groups. Satisfaction of MI at this level means that indictors or items of a measure 

reach the same precision across different groups.  

To determine the degree to which the items mean the same in different groups, testing of 

MI includes a series of analyses, which provides evidence for construct validity across groups 

(Cordon & Finney, 2008; Garcia-Barrera et al., 2011). In general, to test whether MI at each step 

is established, the free baseline (or bottom-up) approach was applied (Stark et al., 2006), that is, 
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a group of nested models with different levels of cross-group equality constraints gradually 

added were fitted and compared by means of examining the model χ2 change. It is worth noting 

that examining the model χ2 change to determine MI may have some bias with a large sample 

size, leading to the rejection of MI. To address this problem, other criteria were suggested, for 

example, a -.01 in ΔCFI (Cheung & Rensvold, 2002; Xu & Barnes, 2011). Besides the four types 

above, researchers have also proposed the concept of partial invariance (Byrne et al., 1989). For 

example, if some but not all factor loadings are the same, partial weak invariance is considered 

met, and if some but not all intercepts are the same, partial strong invariance is satisfied. Based 

on Thompson and Green (2006), at least partial strong MI should be established for meaningful 

latent mean comparisons. In case partial strong MI cannot be achieved, theoretically and 

empirically driven item reduction (i.e., with some problem items removed) would be conducted 

to produce an invariant scale to conduct latent mean comparisons. This approach has also been 

used in other studies (e.g., Hansen et al., 2014; Sturm et al., 2017; Williams & Gotham, 2021). 

For more details on the procedure for MI tests at each step and descriptions on item dropping, 

see the section of Data Analysis Strategy under the Method chapter. 

Thus far, research investigating MI issues in the field of creativity is rare, although a 

small number of studies have attempted to do so (Kim et al., 2006; Krumm et al., 2014; Krumm 

et al., 2016; Kuhn & Holling, 2009; Said-Metwaly et al., 2020b). Specifically, Kim and 

colleagues (2006) tested MI for the Torrance Tests of Creative Thinking (TTCT) figural scores 

and supported a two-factor latent model—adaptive and innovative, and MI was achieved to a 

greater degree across genders than across grades. Similarly, Krumm et al. (2016) tested the MI of 

TTCT-figural scores in Spanish-speaking children, and results supported a two-factor model, 

innovative and adaptive, and strong MI was supported across genders. In another instance, Kuhn 
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and Holling (2009) tested MI for 12 DT tests (e.g., Uses, symbol combining) fluency scores and 

supported a three-factor model: verbal, figural and numerical; and partial strong MI was satisfied 

across age groups, genders and school forms. In addition, Said-Metwaly and colleagues (2020b) 

investigated TTCT-verbal scores in Egyptian college students and results supported a bifactor 

latent structure. In terms of MI, it suggested satisfaction of strict MI among groups of different 

academic majors, gender, and year of study. A recent study (Guo et al., 2021) that tested MI of 

two DT tests (Line Meanings and Real-world Problems) among American and Chinese college 

students was one of the first to investigate MI issues of DT measures in cross-cultural contexts. 

Results supported a two-factor model based on the two types of DT tests; weak invariance was 

supported for both fluency and originality indices; and partial strong MI was satisfied for Real-

world Problems fluency only.  

In sum, it seems that different factor models can be established based on different DT 

tests and DT indices, and that weak MI of DT tests can often be satisfied, although strong MI 

may be less common. Currently, studies testing MI in the creativity field are lacking 

(Karwowski, 2016), and more future studies should examine this issue. To investigate cross-

group differences on a construct of interest, for example, cross-cultural differences on evaluative 

skill, traditionally researchers would compare observed means with ANOVA or t-test. However, 

to reach more statistically robust conclusions, it is suggested that latent mean comparisons be 

conducted to control for measurement bias (Barbot, 2019; Finch & French, 2015; Yuan & 

Bentler, 2006). Based on Thompson and Green (2006), at least partial strong MI should be 

satisfied for meaningful latent mean comparisons. In addition, if a study aims to investigate the 

relationships between different constructs across groups, weak MI needs to be satisfied (Chen & 

West, 2008; Rusticus & Hubley, 2006). For example, to examine whether the direction and 
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strength of the relationship between individualism-collectivism and evaluative skill is 

comparable in American and Chinese groups, weak MI of the measures of both constructs needs 

to be satisfied.   
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CHAPTER 3 

METHOD 

This chapter first introduces the participants recruited for the present study, followed by 

the measures employed for each construct: divergent thinking tests, evaluative measures, the 

individualism-collectivism test and the uncertainty avoidance test. Next, it introduces the data 

analysis strategies used for the present study: the estimation method, the fit indices, tests of 

measurement invariance, and structural equation models analysis.  

Participants 

Data were collected in a public university in the central part of China, and a public 

university in the southeastern United States. In total, there were 345 college students (288 

females, 83.5 %; mean age 20.25, SD = 2.658) in the Chinese group and 341 college students 

(243 females, 71.3 %; mean age 20.65, SD = 2.514) in the American group. The American 

sample included 61.9 % White, 7 % Latino, 1.2 % African American, 19.4% Asian, 6.5 % Native 

Hawaiian or Pacific Islander, and 4.1% multiracial and other individuals. Individuals from both 

groups were from a wide range of majors, including art, science, and social science. People from 

both cultural groups participated in an online survey containing the below-described measures in 

the following order: divergent thinking tests, the individualism-collectivism test, evaluative 

measures, the uncertainty avoidance test, and demographic measures.  
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Measures 

Divergent Thinking Tests (see Appendices A-D) 

Four kinds of DT tests were used in the study: Line Meanings, Uses, Instances, and 

Consequences. Among them, Line Meanings, Uses, and Instances were discussed by Wallach 

and Kogan (1965); the Consequences test was discussed by Guilford and colleagues (Christensen 

et al., 1953; Guilford, 1967, 1979). There were two subtests employed for each kind of test. For 

Line Meanings, participants were asked to imagine things what each drawing could be (a hook-

like figure; a tie-like figure); for Uses, they were to think of uses for each daily object (a chair; a 

rope); for Instances, there were prompted to think of instances with a certain feature (square; 

move on wheels); for Consequences, they were required to list consequences of each unusual 

situation (if people lost the ability of reading and writing; if people no longer needed food in 

life). For each kind of test, participants were instructed to provide as many ideas as possible, and 

an example item and potential answers were presented beforehand to facilitate their 

understanding on how to respond. They approached the tasks like a game with unlimited time. 

Objective DT indices (or outputs) were adopted to score the responses, including fluency 

and originality. With this method, fluency and originality scores were calculated for each 

respondent on each subtest. Fluency scores were calculated by counting the number of total 

relevant responses, and originality scores were obtained by counting the total number of the 

responses that were original (i.e., ideas given by < 10 % of the sample in each cultural group; 

Plucker et al., 2014).  

Evaluative Measures (see Appendices E-H) 

As mentioned in the section of literature review, to measure evaluative skill, there are two 

stages: In Stage One, ideas (usually from divergent thinking tests) are produced, and they are 



28 

 

scored in terms of originality or creativity, which can then serve as the standard (or criterion, 

right answer) afterwards. In Stage Two, respondents are required to rate the ideas presented in 

terms of originality or creativity, and those ratings are compared to the objective criterion. 

In the present study, Stage One was a bit different; ideas to be rated were collected from 

previous studies using DT tests of Line Meanings, Uses, Instances, and Consequences among 

American and Chinese groups (Guo & Guo, 2021; Guo et al., 2021; Silvia, 2008; Zhao, 2016; in 

studies employing Line Meanings and Uses, there were over 300 participants from each cultural 

group; in those employing Instances and Consequences, the sample size ranged from 52 to 242). 

They were scored in terms of originality (the percentage of people who proposed the idea out of 

the whole sample), which served as the criterion afterwards for calculating the evaluative 

accuracy index. In Stage Two, participants were asked to rate the ideas compiled in terms of 

originality (see detailed descriptions in the next paragraph). It should be noted that the types of 

evaluation tasks were the same with the DT tests used in the present study as mentioned above; 

however, the subtest content was different to reduce possible carryover or learning effect. 

Specifically, for idea evaluation tasks based on Line Meanings, there were another two figures (a 

curve and point figure; a wave-like figure); for Uses, another two daily objects (an umbrella; a 

book); for Instances, another two features (round; make a noise); for Consequences, another two 

situations (if people no longer needed to sleep; if people could live twice longer than now).  

For idea compiling for evaluative measures, following Runco and colleagues’ method 

(Charles & Runco, 2001; Runco & Vega, 1990), based on response statistical frequency in 

previous studies, two highly original ideas (i.e., given by less than 5% of the sample), two 

moderately original ideas (i.e., given by greater than 5% but less than 15% of the sample), and 

two common ideas (i.e., given by more than 15% of the sample) were selected from the idea pool 
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for each of the eight subtests from each cultural group. It should be noted that the six ideas 

selected may vary depending on the cultural group, although some were the same. In total, there 

were 48 ideas for evaluation and within each subtest the six ideas were presented in random 

order. For all 48 ideas, participants were asked to rate the ideas on a 1-10 scale: How many 

people out of 10 do you think can give this idea? Similar task instructions have been used by 

previous researchers (Charles & Runco, 2001; Grohman et al., 2006). 

Evaluative skill was operationalized as the rating accuracy. To obtain the accuracy index 

of originality ratings, the difference between participants’ ratings and the criterion was obtained 

(Grohman et al, 2006). Specifically, the accuracy index was calculated by subtracting the 

originality criterion (the percentage of people who proposed the idea out of the whole sample in 

previous studies) from respondents’ ratings (percentage value; for example, if a respondent gave 

the answer that 4 out 10 people can think of the idea, the value was 40%) on each presented idea 

to obtain an absolute value, which represented the discrepancy of judgement from the correct 

value. In this sense, higher values of discrepancy indicate lower levels of evaluative accuracy.  

The Individualism-collectivism Test (see Appendix I) 

The scale based on Triandis & Gelfland’s (1998) work was used in the present study to 

assess horizontal and vertical collectivism and individualism. A 9-point scale (1 = disagree; 9 =  

agree) was used in the present study with 16 items in total covering four dimensions (four items 

for each): horizontal individualism (HI; e.g., “I often do my own thing.”), vertical individualism 

(VI; e.g., “Winning is everything.”), horizontal collectivism (HC; e.g., “If a coworker gets a 

prize, I would feel proud.”), and vertical collectivism (VC; e.g., “It is my duty to take care of my 

family, even when I have to sacrifice what I want”). Cronbach’s alpha was .65 (HI), .71 (VI), .72 

(HC), .72 (VC) respectively in the study of Tang et al. (2016) with students from Poland and 
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Germany. Yao et al. (2012) also used that measure among Chinese employees with a 7-point 

scale. After confirmatory factor analysis (CFA), HI had 3 items ( = .64), VI had 2 items ( 

= .75), HC had 4 items ( = .76), and VC had 3 items ( = .70). 

The Uncertainty Avoidance Test (see Appendix J) 

Jung’s (2002) measure was used, which was modified from the uncertainty avoidance 

scale by Hofstede’s (1980a). A 7-point scale (1 = strongly disagree; 7 = strongly agree) was used 

in the present study including six items (e.g., “I feel stressful when I cannot predict 

consequences”). The reliability was good in a previous study ( = .82; Adair & Xiong, 2018). 

Data Analysis Strategy 

Estimation Method 

All confirmatory factor analyses (CFA) analyses were conducted with the software 

Mplus, version 8.4 (Muthén & Muthén, 1998-2017). The default method of maximum likelihood 

estimation was used because the data in the present study were considered continuous. 

Specifically, for DT tests, the number of total ideas (i.e., fluency) or original ideas (i.e., 

originality) were counted; for evaluative measures, participants rated ideas on a scale from 1 to 

10; they rated their agreement on each statement from 1 to 9 on the individualism-collectivism 

test, and from 1 to 7 on the uncertainty avoidance test. It is should be noted that there is debate 

on whether data from a Likert scale can be regarded as continuous (Harpe, 2015; Sullivan & 

Artino, 2013); however, researchers suggested that when the number of categories being selected 

exceeds or equals to five, the data can generally be regarded as continuous (Harpe, 2015). Thus, 

the statistical analyses conducted in the present study were acceptable, understanding that some 

findings may need to be interpreted with caution, especially for the individualism-collectivism 

test and the uncertainty avoidance test. 
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Fit Indices 

In terms of overall fit, there are two types of fit indices: the absolute fit indices and the 

incremental fit indices (Hoyle & Panter, 1995; Hu & Bentler, 1999). The former indicates the 

degree to which the model implied covariances match the observed covariances. To serve this 

purpose, the chi-square test is employed, with nonsignificant statistic suggesting an adequate 

model (e.g., p >.05). It does not use any baseline model for comparison; instead, absolute fit 

indices are derived from the match between the implied covariances and the observed 

covariances based on maximum likelihood estimation. A p value larger than .05 was applied here 

to establish an acceptable model fit, although chi-squares may have bias with a large sample size, 

leading to model rejection. Besides chi squares, commonly used absolute indices also include 

others, such as the standardized root mean square residual (SRMR), which are simply 

transformed from chi-squares, with values less than .08 indicating an acceptable fit. The 

incremental fit indices indicate the degree to which the current model being tested is better than a 

baseline model (i.e., no relations among variables), with higher values implying greater 

improvement of the current model compared to a baseline. The following index is recommended: 

the comparative fit index (CFI), with values above .90 suggesting an adequate model fit (Browne 

& Cudeck, 1993). Last, another fit index is suggested to indicate the lack of fit between the 

model and the sample data: the root mean squared error of approximation (RMSEA), with values 

less than .08 considered acceptable (Browne & Cudeck, 1993). It is worth noting that these 

cutoff values for CFI and RMSEA are relatively liberal, understanding that there is debate on this 

and other researchers suggested more strict criteria, for example, CFI > .95 and RMSEA < .06 

(Hu & Bentler, 1999). In sum, the present study used the following indices with liberal criteria to 

assess the model fit: chi-square statistic, CFI, RMSEA, and SRMR. 
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Tests of Measurement Invariance: Multiple-Group CFA Analysis 

In general, to test whether MI at each step is established, the free baseline (or bottom-up) 

approach was applied (Stark et al., 2006), that is, a group of nested models with different levels 

of cross-group equality constraints gradually added were fitted and compared by means of 

examining the model χ2 change. First, configural invariance was tested by freeing all parameters 

across the two groups, which was the unconstrained baseline model. For each indicator-factor 

relationship, if the factor loading estimated across the two groups shows the same sign (e.g., both 

positive, or both negative, or both zero), in addition to a good model fit, it suggests the 

satisfaction of configural invariance. Second, when configural MI was met, weak and strong MI 

were tested step by step. Specifically, based on the unconstrained model, different levels of 

cross-group equality constraints were gradually added, including factor loadings and intercepts. 

If at a certain step, the more constrained model turns out to be significantly worse, then the 

current model is not acceptable and will be discarded, indicating the unsatisfaction of the 

hypothesized level of invariance. It should be cautioned that examining the model χ2 change to 

determine MI may have bias with a large sample size, leading to the rejection of MI. To solve 

this problem, other criteria have been suggested, for example, a -.01 in ΔCFI (Cheung & 

Rensvold, 2002; Xu & Barnes, 2011). In other words, when compared with the less restricted 

model, if the reduced CFI value is less than or equals .01, the more constrained model will be 

retained since it is more parsimonious. Third, to effectively conduct latent mean comparisons, if 

strong MI was not met, partial strong MI would be tested as an option (Thompson & Green, 

2006). Since the ultimate goal of the present study was to investigate differences on constructs of 

interest across groups via latent mean comparisons, strong or partial strong MI needed to be met 

(Thompson & Green, 2006). It also aimed to investigate the relationships between constructs 
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across groups, thus in this case, weak MI needs to be satisfied (Chen & West, 2008; Rusticus & 

Hubley, 2006). In light of this, when MI could not be met, theoretically and empirically driven 

item reduction (i.e., with some problem items removed) would be conducted to reach the desired 

degree of MI (weak, strong or partial strong invariance) to produce a reduced but invariant scale. 

This approach has also been used in other studies (e.g., Hansen et al., 2014; Sturm et al., 2017; 

Williams & Gotham, 2021). In the process of confirming the latent factor structure, when there 

was a poor model fit, modification indices were examined first. Specifically, in Mplus, 

modification indices > 10 indicate parameters that may strongly affect the model fit. However, 

suggestions by modification indices are data driven, and when there is conflict between data and 

theories, the latter should prevail (Frazier & Youngstrom, 2007; Garcia-Barrera et al., 2011). In 

addition, Exploratory Factor Analyses (EFA) was conducted if needed. Based on these results 

and theories, problem items were detected and discarded. The same procedure of detecting 

problem items was followed in the MI tests after the latent structure was determined. 

Structural Equation Models Analysis 

When weak MI of the measures for each construct was established, that is, the 

measurement models were legitimate to investigate relationships between constructs across 

groups, a general SEM model was fitted for each cultural group. The present study aimed to 

investigate the relationships between individualism-collectivism, uncertainty avoidance, 

divergent thinking, and evaluative skill in American and Chinese individuals. The theoretical 

relationships in the structural models to be tested were as follows: individualism-collectivism 

and uncertainty avoidance served as the predictor variables; divergent thinking and evaluative 

skill served as the outcome variables. The fit indices used for assessing the model fit were the 

same as in CFA models mentioned above, including chi-square statistic, CFI, RMSEA, and 



34 

 

SRMR. Two other absolute fit indices were also added for estimation, including AIC (Akaike’s 

Information Criterion) and BIC (Bayesian Information Criterion). 
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CHAPTER 4 

RESULTS 

This chapter reports the analysis results for all research questions. Table 1 shows exactly 

which steps of analyses corresponded to each research question. In the following formal 

analysis, for measures for each of the constructs (divergent thinking, evaluative skill, 

individualism-collectivism, and uncertainty avoidance), the latent factor structure was explored 

and confirmed first, and different steps of MI (configural, weak, and strong) were tested, 

followed by latent mean comparisons to examine the differences in DT as well as evaluative skill 

across the two cultural groups. Last, general SEM models were fitted to investigate the 

relationships between all variables: individualism-collectivism, uncertainty avoidance, DT, and 

evaluative skill. 

Table 1 

Research Questions and Steps of Analyses 

 
Question number Research question Step of analysis References 

 Data coding before formal 

analysis 

Scoring/Coding for 

divergent thinking tests: 

Each participant will get a 

fluency score and an 

originality score on each 

of the eight subtests. 

Fluency—the number of 

total ideas produced; 

originality—the number 

of original ideas, that is, 

ideas proposed by <=10% 

of the sample.  

 

Plucker et al., 2014 

 Data coding before formal 

analysis 

Coding for evaluative 

measures: The evaluative 

score was calculated by 

subtracting the originality 

criterion from 

respondents’ ratings on 

each presented idea to 

Grohman et al., 2006 
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obtain an absolute value, 

which represented the 

discrepancy of judgement 

from the correct value. 

 

 Data coding before formal 

analysis 

For individualism-

collectivism test, and 

uncertainty avoidance test, 

participants’ ratings on the 

Likert scale were directly 

used for analysis.  

 

Questions 1–4 were applied to measures for each of the constructs: divergent thinking, evaluative skill, 

individualism-collectivism, and uncertainty avoidance: 

For American and Chinese groups, 

1 What is the latent structure 

of the measures? 

CFA: Confirm the 

number of factors in each 

group and in combined 

data 

 

From Questions 1–7: 

Meade & 

Lautenschlager, 2004; 

Rusticus & Hubley, 

2006; Said-Metwaly et 

al., 2020b; Wu et al., 

2007 

 

2 Do the measures have the 

same factors and relationship 

between indicators and 

factors across the two 

cultural groups? 

 

Multigroup CFA: 

Testing configural 

measurement invariance 

(MI) 

 

3 For the measures, are 

factors linked with 

corresponding indicators to 

the same extent (strength) 

across the two cultural 

groups? 

 

Multigroup CFA: 

Testing weak MI 

 

4 For the measures, do 

American respondents obtain 

the same observed score on 

an indicator with Chinese 

peers who have the same 

ability on a respective latent 

factor? 

 

Multigroup CFA: 

Testing strong MI 

 

5 Are there differences 

between the two cultural 

groups in divergent thinking 

as latent factor (s)? 

 

Multigroup CFA: Latent 

mean comparisons 

 

6 Are there differences 

between the two cultural 

groups in evaluative skill as 

latent factor (s)? 

 

Multigroup CFA: Latent 

mean comparisons 

 

7 Is cultural orientation 

(individualism vs. 

For each cultural group, 

SEM was used to model 
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collectivism, uncertainty 

avoidance) associated with 

divergent thinking and 

evaluative skill? 

the relationships between 

all variables  

Divergent Thinking Tests Fluency Scores 

Descriptives and Correlations between Variables 

Table 2 displays means, standard deviations, correlations between all eight subtests of 

divergent thinking fluency scores (correlations in the American sample were below the diagonal; 

correlations in the Chinese sample were above the diagonal). Results showed positive 

correlations between each other. It should be noted that for each of the eight subtests, there was a 

high intercorrelation between the score of originality (another output of DT, see the measures 

section for details) and fluency (i.e., .704 ~ .917 in the American group and .644 ~ .887 in the 

Chinese group), which was consistent with the literature (Guo et al., 2018; Plucker et al., 2014). 

In light of this, DT originality scores were analyzed in a separate set. This approach has also 

been used in other studies (e.g., Guo et al., 2021). 

Table 2 

Descriptives and Correlations between Fluency Scores 

 US  CN          

 M SD M SD 1 2 3 4 5 6 7 8 

LM1_flu 3.92 2.04 3.15 1.65 1 .721** .487** .464** .487** .316** .384** .394** 

LM2_flu 3.70 1.93 2.90 1.51 .669** 1 .507** .501** .516** .410** .388** .404** 

Use1_flu 5.01 2.00 4.07 1.69 .527** .450** 1 .594** .524** .511** .406** .463** 

Use2_flu 5.03 2.64 4.31 2.17 .460** .494** .659** 1 .598** .580** .452** .481** 

Ins1_flu 7.39 4.10 6.69 3.88 .439** 461** .564** .534** 1 .594** .426** .452** 

Ins2_flu 8.86 4.67 5.17 2.70 .402** .472** .522** .589** .613** 1 .535** .538** 

Co1_flu 4.60 2.60 3.26 1.79 .408** .405** .454** .520** .529** .569** 1 .702** 

Co2_flu 4.42 2.51 3.13 1.79 .404** .417** .382** .482** .444** .572** .698** 1 
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Note. American sample (US) n = 341; Chinese sample (CN) n = 345; correlations in the American sample were 

below the diagonal; correlations in the Chinese sample were above the diagonal; LM1_flu, LM2_flu, Use1_flu, 

Use2_flu, Ins1_flu, Ins2_flu, Co1_flu, Co2_flu refer to fluency scores on the first and second item on DT tests of 

Line Meanings, Uses, Instances, and Consequences respectively.  

**p < .01. 

Initial Reliability Analyses 

The internal consistency coefficients were .801, .776, .756, .822 for Line Meanings, 

Uses, Instances, and Consequences respectively for the American group, 

and .836, .730, .715, .825 for the Chinese group, which were considered moderate to high 

reliability. In terms of the alpha coefficient over all eight subtests, the values were .870 for the 

American group and .863 for the China group, which indicated a potential multidimensionality 

of the measures for divergent thinking fluency.  

Confirmatory Factor Analysis: Fluency Scores 

To answer the first question on the latent structure of the measures, CFA models with 

different number of factors were tested. Figure 1 displays the theoretical models to be tested for 

fluency scores. The one-factor model assumed the eight subtests measured a universal concept or 

construct of DT, whereas the four-factor model assumed distinctiveness of each kind of DT tests, 

which was supported by the literature (Runco et al., 2016). Table 3 shows the chi square statistic 

and fit indices for the two potential factor models when factor loadings were freely estimated in 

each cultural group as in the configural MI model. There was difference in chi square but not 

tested since they were not nested models. In terms of model fit, all indices suggested that the 

one-factor model showed a poor fit (e.g., CFI = .842), whereas the four-factor model fit the data 

well (e.g., CFI = .981). The results supported that the eight subtests selected provide information 
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about four components of DT. Thus, the following steps of testing MI were based on the four-

factor model.  

 

Figure 1. Theoretical Models to be Tested: Fluency Scores 

Note. LM1_flu, LM2_flu, Use1_flu, Use2_flu, Ins1_flu, Ins2_flu, Con1_flu, Con2_flu refer to fluency scores on the 

first and second item on DT tests of Line Meanings, Uses, Instances, and Consequences respectively. DT FLU = DT 

fluency; LM FLU = Line Meanings fluency; Use FLU = Uses fluency; Ins FLU = Instances fluency; Con FLU = 

Consequences fluency. 

Table 3 

Results of Model Comparison of One- and Four-Factor Models: Fluency Scores 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  474.165 40 .842 .778 .178 .066  

Configural Four 79.478 28 .981 .962 .073 .026 393.687 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean 

square error of approximation; SRMR = Standardized root mean square residual. 

Testing of Measurement Invariance  

Parameter estimates based on the four-factor configural MI model are displayed in Table 

4, and the model fit results for each step of MI tests are shown in Table 5. For the configural MI 
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model, with the factor loading on the first item set at 1 while those on the second item freely 

estimated, results showed positive factor loadings estimated for each indicator-factor relationship 

in each cultural group. These estimates were significant; combined with the fit indices 

information indicating a good model fit (e.g., CFI = .981), these results together suggested the 

configural invariance was supported in the present analysis. In addition, the difference in CFI 

between the configural MI model and weak MI model was -.009, satisfiying the ΔCFI <= .01 

criterion (Cheung & Rensvold, 2002), supporting the assumption of weak invariance. However, 

the difference in CFI between the weak MI model and strong MI model was -.037, exceeding the 

ΔCFI <= .01 criterion, suggesting the violation of strong invariance. Informed by modification 

indices based on the strong MI model, two subtests of Instances were potential problem items, 

followed by two subtests of Uses. With the two intercepts of Instances across the groups freely 

estimated (CFI = .943), partial strong MI was tested but not supported. Several other kinds of 

partial MI models were tested as well but they were not supported either.  

Table 4 

Configural MI Model Parameter Estimates on Fluency Scores across Two Groups: Four Factors 

 LM FLU 

by 

 Use FLU 

by 

 Ins FLU 

by 

 Con FLU 

by 

 

 LM1_flu LM2_flu Use1_flu Use2_flu Ins1_flu Ins2_flu Con1_flu Con2_flu 

American @1 0.963*** @1 1.381*** @1 1.214*** @1 0.907*** 

Chinese @1 0.986*** @1 1.391*** @1 0.699*** @1 1.048*** 

Note. LM FLU = Line Meanings fluency; Use FLU = Uses fluency; Ins FLU = Instances fluency; Con FLU = 

Consequences fluency. 

***p < .001. 
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Table 5 

Fit Indices for Model Comparisons on Fluency Scores across Two Groups: Four Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 79.478 28 .981 .073 .026     

Weak 109.070 32 .972 .084 .049 configural 29.592*** 4 -.009 

Strong 213.849 36 .935 .120 .071 weak 104.779*** 4 -.037 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

***p < .001. 

Next, item reduction was conducted to produce an invariant scale (e.g., Sturm et al., 

2017; Williams & Gotham, 2021). Informed by the initial reliability analyses, the modification 

indices analyses above, and the nature of the eight subtests (i.e., every two subtests were based 

on a single type of DT tests), two subtests of Instances or two subtests of Uses were potential 

problem items to be removed to achieve strong MI. Specifically, the two items on the Instances 

test were dropped and the group of nested models were fitted again. To confirm whether the 

three-factor model remained the better model, the one-factor and three-factor models (see Figure 

3) were tested again, and results are shown in Table 6 when factor loadings were freely estimated 

in each cultural group as in the configural MI model. Again, results suggested a significantly 

better fit of the three-factor model (e.g., CFI = .995) than the one-factor model (e.g., CFI = .806). 

The results further supported that the six subtests selected provide information about three 

components of DT. Thus, the following steps of testing MI were based on the three-factor model.  

Parameter estimates based on the configural MI model are displayed in Table 7, and the 

model fit results for each step of MI tests are shown in Table 8. For the configural MI model, 

with the factor loading on the first item set at 1 while those on the second item freely estimated, 

results showed positive factor loadings estimated for each indicator-factor relationship in each 
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cultural group. These estimates were significant; combined with the fit indices information 

indicating a good model fit (e.g., CFI = .995), these results together suggested the configural 

invariance was supported in the present analysis. In addition, the difference in CFI between the 

configural MI model and weak MI model was 0, meeting the ΔCFI <= .01 criterion (Cheung & 

Rensvold, 2002), supporting the assumption of weak invariance. Moreover, the difference in CFI 

between the weak MI model and strong MI model was -.005, additionally meeting the ΔCFI 

<= .01 criterion and suggesting the satisfaction of strong invariance.  

Based on this strong MI model input, with the latent means in the American group set at 

zero while those in the Chinese group freely estimated, the latent mean comparison showed 

higher fluency of the American sample on all three types of DT tests: Line Meanings, Uses, and 

Consequences (p <.001). 

 

Figure 2. Adjusted Theoretical Models to be Tested: Fluency Scores 

Note. The figure on the left refers to the one-factor model after omitting the two subtests of Instances, and that on 

the right represents the three-factor model after removing the two subtests of Instances. LM1_flu, LM2_flu, 

Use1_flu, Use2_flu, Con1_flu, Con2_flu refer to fluency scores on the first and second item on DT tests of Line 
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Meanings, Uses, and Consequences respectively. DT FLU = DT fluency; LM FLU = Line Meanings fluency; Use 

FLU = Uses fluency; Con FLU = Consequences fluency. 

Table 6 

Results of Model Comparison of One- and Three-Factor Models: Fluency Scores 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  372.010 18 .806 .677 .239 .074  

Configural Three 21.579 12 .995 .987 .048 .015 350.431 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean 

square error of approximation; SRMR = Standardized root mean square residual. 

Table 7 

Configural MI Model Parameter Estimates on Fluency Scores across Two Groups: Three Factors 

 LM FLU by  Use FLU by  Con FLU by  

 LM1_flu LM2_flu Use1_flu Use2_flu Con1_flu Con2_flu 

American @1 0.934*** @1 1.408*** @1 0.900*** 

Chinese @1 0.964*** @1 1.305*** @1 1.080*** 

Note. LM FLU = Line Meanings fluency; Use FLU = Uses fluency; Con FLU = Consequences fluency. 

***p < .001. 

Table 8 

Fit Indices for Model Comparisons on Fluency Scores across Two Groups: Three Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 21.579 12 .995 .048 .015     

Weak 24.859 15 .995 .044 .020 configural 3.28 3 0 

Strong 36.009 18 .990 .054 .029 weak 11.15* 3 -.005 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

*p < .05. 
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Divergent Thinking Tests Originality Scores 

Descriptives and Correlations between Variables 

Table 9 displays means, standard deviations, correlations between all eight subtests of 

divergent thinking originality scores (correlations in the American sample were below the 

diagonal; correlations in the Chinese sample were above the diagonal). Results showed positive 

correlations between all subtests.  

Table 9 

Descriptives and Correlations between Originality Scores 

 US  CN          

 M SD M SD 1 2 3 4 5 6 7 8 

LM1_ori 1.86 1.61 1.58 1.41 1 .469** .195** .325** .306** .255** .246** .189** 

LM2_ori 1.53 1.54 1.32 1.20 .536** 1 .342** .393** .301** .376** .288** .268** 

Use1_ori 1.99 1.64 1.07 1.10 .350** .290** 1 .303** .258** .360** .214** .257** 

Use2_ori 1.98 1.79 1.95 1.70 .287** .330** .415** 1 .373** .410** .298** .324** 

Ins1_ori 3.67 2.82 2.25 2.10 .275** .302** .424** .425** 1 .378** .349** .355** 

Ins2_ori 1.66 1.78 1.17 1.42 .242** .291** .339** .317** .420** 1 .485** .417** 

Co1_ori 3.42 2.44 2.37 1.66 .279** .264** .335** .370** .493** .378** 1 .522** 

Co2_ori 2.69 2.03 2.15 1.49 .288** .202** .279** .326** .346** .398** .597** 1 

Note. American sample (US) n = 341; Chinese sample (CN) n = 345; correlations in the American sample were 

below the diagonal; correlations in the Chinese sample were above the diagonal; LM1_ori, LM2_ori, Use1_ori, 

Use2_ori, Ins1_ori, Ins2_ori, Co1_ori, Co2_ori refer to originality scores on the first and second item on DT tests of 

Line Meanings, Uses, Instances, and Consequences respectively.  

**p < .01. 

Initial Reliability Analyses 

The internal consistency coefficients were .697, .585, .549, .740 for Line Meanings, 

Uses, Instances, and Consequences respectively for the American group, 



45 

 

and .633, .433, .519, .683 for the Chinese group, which were considered moderate reliability 

except for the relatively lower reliability of Uses. In terms of the overall alpha coefficient over 

all eight subtests, the values were .806 for the American group, and .791 for the Chinese group, 

which indicated potential multidimensionality of the measures for divergent thinking originality. 

It should be noted that the reliability analyses here are more of descriptives. The number of items 

for each subscale is only two, which may contribute to the relatively small alpha values of some 

measures. In other words, some values might be misleading. However, items with relatively 

smaller alpha values compared to others would be regarded as potential problem items that may 

influence the measurement invariance across groups. 

Confirmatory Factor Analysis: Originality Scores 

To answer the first question on the latent structure of the measures, CFA models with 

different number of factors were tested. Figure 3 displays the theoretical models to be tested for 

originality scores. The one-factor model assumed the eight subtests measured a universal concept 

or construct of DT, whereas the four-factor model assumed distinctiveness of each kind of DT 

tests, which was supported by the literature (Runco et al., 2016). Table 10 shows the chi square 

statistic and fit indices for the two potential factor models when factor loadings were freely 

estimated in each cultural group as in the configural MI model. There was difference in chi 

square but not tested since they were not nested models. In terms of model fit, all indices 

suggested that the one-factor model showed a poor fit (e.g., CFI = .867), whereas the four-factor 

model fit the data well (e.g., CFI = .993). The results supported that the eight subtests selected 

provide information about four components of DT. Thus, the following steps of testing MI were 

based on the four-factor model.  
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Figure 3. Theoretical Models to be Tested: Originality Scores 

Note. LM1_ori, LM2_ori, Use1_ori, Use2_ori, Ins1_ori, Ins2_ori, Con1_ori, Con2_ori refer to originality scores on 

the first and second item on DT tests of Line Meanings, Uses, Instances, and Consequences respectively. DT ORI = 

DT originality; LM ORI = Line Meanings originality; Use ORI = Uses originality; Ins ORI = Instances originality; 

Con ORI = Consequences originality. 

Table 10 

Results of Model Comparison of One- and Four-Factor Models: Originality Scores 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  221.059 40 .867 .814 .115 .058  

Configural Four 37.011 28 .993 .987 .031 .020 184.048 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean square 

error of approximation; SRMR = Standardized root mean square residual. 

Testing of Measurement Invariance  

Parameter estimates based on the four-factor configural MI model are displayed in Table 

11, and the model fit results for each step of MI tests are shown in Table 12. For the configural 

MI model, with the factor loading on the first item set at 1 while those on the second item freely 

estimated, results showed positive factor loadings estimated for each indicator-factor relationship 
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in each cultural group. These estimates were significant; combined with the fit indices 

information indicating a good model fit (e.g., CFI = .993), these results together suggested the 

configural invariance was supported in the present analysis. In addition, the difference in CFI 

between the configural MI model and weak MI model was -.012, exceeding the ΔCFI <= .01 

criterion (Cheung & Rensvold, 2002) and indicating the violation of weak invariance. Informed 

by modification indices based on the weak MI model, two subtests of Uses were potential 

problem items. That is, with the two factor loadings of Uses across the groups freely estimated, 

there could be a significant increase in the model fit. However, to conduct latent mean 

comparisons in the later stage, strong or partial strong invariance needed to be satisfied, and thus, 

modifications were made to the scale to reach this level of MI.  

Table 11 

Configural MI Model Parameter Estimates on Originality Scores across Two Groups: Four Factors 

 LM ORI 

by 

 Use ORI 

by 

 Ins ORI 

by 

 Con ORI 

by 

 

 LM1_ori LM2_ori Use1_ori Use2_ori Ins1_ori Ins2_ori Con1_ori Con2_ori 

American @1 0.951 @1 1.097 @1 0.523 @1 0.695 

Chinse @1 1.119 @1 1.932 @1 0.827 @1 0.837 

Note. LM ORI = Line Meanings originality; Use ORI = Uses originality; Ins ORI = Instances originality; Con ORI = 

Consequences originality. 

***p < .001. 

Table 12 

Fit Indices for Model Comparisons on Originality Scores across Two Groups: Four Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 37.011 28 .993 .031 .020     

Weak 58.352 32 .981 .049 .040 configural 21.341*** 4 -.012 

Strong 126.519 36 .934 .086 .054 weak 68.167*** 4 -.047 
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Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

***p < .001. 

Next, item reduction was conducted to produce an invariant scale (e.g., Sturm et al., 

2017; Williams & Gotham, 2021). Informed by the initial reliability analyses, the modification 

indices analyses above, and the nature of the eight subtests (i.e., every two subtests were based 

on a single type of DT tests), two subtests of Instances or two subtests of Uses were potential 

problem items to be removed to achieve weak MI. Specifically, the two items on the Instances 

test were dropped and the group of nested models were fitted again. To confirm whether the 

three-factor model remained the better model, the one-factor and three-factor models (see Figure 

4) were tested again, and results are shown in Table 13 when factor loadings were freely 

estimated in each cultural group as in the configural MI model. Again, results suggested a 

significantly better fit of the three-factor model (e.g., CFI = .998) than the one-factor model (e.g., 

CFI = .811). The results further supported that the six subtests selected provide information 

about three components of DT. Thus, the following steps of testing MI were based on the three-

factor model.  

Parameter estimates based on the configural MI model are displayed in Table 14, and the 

model fit results for each step of MI tests are shown in Table 15. For the configural MI model, 

with the factor loading on the first item set at 1 while those on the second item freely estimated, 

results showed positive factor loadings estimated for each indicator-factor relationship in each 

cultural group. These estimates were significant; combined with the fit indices information 

indicating a good model fit (e.g., CFI = .998), these results together suggested the configural 

invariance was supported in the present analysis. In addition, the difference in CFI between the 

configural MI model and weak MI model was -.008, meeting the ΔCFI <= .01 criterion (Cheung 
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& Rensvold, 2002) and supporting the assumption of weak invariance. However, the difference 

in CFI between the weak MI model and strong MI model was -.067, exceeding the ΔCFI <= .01 

criterion and suggesting the violation of strong invariance. Informed by modification indices 

based on the strong MI model, two subtests of Uses were potential problem items. With the two 

intercepts of Uses across the groups freely estimated (CFI = .944), partial strong MI was tested 

but not supported. Several other kinds of partial MI models were tested as well but they were not 

supported either.  

Further, informed by the initial reliability analyses, the modification analyses above, and 

the nature of the eight subtests (i.e., every two subtests were based on a single type of DT tests), 

two subtests of Uses were potential problem items to be further removed to achieve strong MI. 

Specifically, another model was tested by removing the two subtests of both Uses and Instances, 

and strong invariance was supported in this case. Parameter estimates based on the configural MI 

model are displayed in Table 16, and model fit indices for different levels of MI models are 

shown in Table 17. The difference in CFI between the configural MI model and weak MI model 

was .001, and the difference in CFI between the weak MI model and strong MI model was -.002, 

both meeting the ΔCFI <= .01 criterion (Cheung & Rensvold, 2002) and supporting the 

assumption of weak and strong invariance.  

Based on the strong MI model input, with the latent means in the American group set at 

zero while those in the Chinese group freely estimated, the latent mean comparison showed 

higher originality of the American sample on two types of DT tests: Line Meanings and 

Consequences (p < .05; p <.001 respectively). 
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Figure 4. Adjusted Theoretical Models to be Tested: Originality Scores 

Note. The figure on the left refers to the one-factor model after omitting the two subtests of Instances, and that on 

the right represents the three-factor model after removing the two subtests of Instances. LM1_ori, LM2_ori, 

Use1_ori, Use2_ori, Con1_ori, Con2_ori refer to originality scores on the first and second item on DT tests of Line 

Meanings, Uses, and Consequences respectively. DT ORI = DT originality; LM ORI = Line Meanings originality; 

Use ORI = Uses originality; Con ORI = Consequences originality. 

Table 13 

Results of Model Comparison of One- and Three-Factor Models: Originality Scores 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  179.826 18 .811 .684 .162 .067  

Configural Three 13.312 12 .998 .996 .018 .016 166.514 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean square 

error of approximation; SRMR = Standardized root mean square residual. 

Table 14 

Configural MI Model Parameter Estimates on Originality Scores across Two Groups: Three Factors 

 LM ORI by  Use ORI by  Con ORI by  

 LM1_ori LM2_ori Use1_ori Use2_ori Con1_ori Con2_ori 

American @1 0.903*** @1 1.138*** @1 0.728*** 

Chinese @1 1.140*** @1 1.967*** @1 0.932*** 
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Note. LM ORI = Line Meanings originality; Use ORI = Uses originality; Con ORI = Consequences originality. 

***p < .001. 

Table 15 

Fit Indices for Model Comparisons on Originality Scores across Two Groups: Three Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 13.312 12 .998 .018 .016     

Weak 23.913 15 .990 .042 .033 configural 10.601* 3 -.008 

Strong 83.481 18 .923 .103 .058 weak 59.568*** 3 -.067 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

*p < .05; ***p < .001. 

Table 16 

Configural MI Model Parameter Estimates on Originality Scores across Two Groups: Two Factors 

 LM ORI by  Con ORI by  

 LM1_ori LM2_ori Con1_ori Con2_ori 

American @1 0.802*** @1 0.783*** 

Chinese @1 1.067*** @1 0.794*** 

Note. LM ORI = Line Meanings originality; Con ORI = Consequences originality. 

***p < .001. 

Table 17 

Fit Indices for Model Comparisons on Originality Scores across Two Groups: Two Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 3.221 2 .998 .042 .009     

Weak 4.350 4 .999 .016 .014 configural 1.129 2 .001 

Strong 7.779 6 .997 .029 .019 weak 3.429 2 -.002 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 
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Evaluative Measures 

Descriptives and Correlations Between Variables 

For idea evaluation based on each of the eight DT subtests, the average evaluative scores 

were obtained over the six ideas evaluated. Therefore, for each respondent there were eight 

evaluative scores that were analyzed further. Table 18 displays means, standard deviations, 

correlations between variables (correlations in the American sample were below the diagonal; 

correlations in the Chinese sample were above the diagonal). The eight scores showed positive 

correlations between each other. 

Table 18 

Descriptives and Correlations between Evaluative Accuracy Scores 

 US  CN          

 M SD M SD 1 2 3 4 5 6 7 8 

LME1_M .36 .13 .37 .15 1 .588** .453** .410** .505** .333** .349** .284** 

LME2_M .55 .15 .54 .14 .551** 1 .508** .450** .471** .308** .338** .338** 

UseE1_M .33 .15 .40 .14 .523** .582** 1 .644** .559** .350** .386** .368** 

UseE2_M .41 .16 .45 .17 .405** .473** .636** 1 .550** .397** .351** .329** 

InsE1_M .46 .15 .48 .16 .290** .301** .426** .530** 1 .565** .494** .442** 

InsE2_M .50 .17 .62 .18 .181** .321** .359** .487** .606** 1 .536** .476** 

CoE1_M .52 .15 .57 .16 .284** .335** .427** .462** .380** .451** 1 .590** 

CoE2_M .61 .15 .54 .15 .277** .306** .394** .501** .367** .429** .539** 1 

Note. American sample (US) n = 341; Chinese sample (CN) n = 345; correlations in the American sample were 

below the diagonal; correlations in the Chinese sample were above the diagonal; LME1_M, LME2_M, UseE1_M, 

UseE2_M, InsE1_M, InsE2_M, CoE1_M, CoE2_M refer to average scores obtained over the six ideas evaluated on 

each of the two DT subtests of Line Meanings, Uses, Instances, and Consequences respectively.  

**p < .01. 
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Initial Reliability Analyses 

The internal consistency coefficients were .709, .776, .752, .699 for Line Meanings, 

Uses, Instances, and Consequences respectively for the American group, 

and .740, .777, .719, .740 for the Chinese group, which were considered moderate reliability. In 

terms of the overall alpha coefficient over all eight subtests, the values were .854 for the 

American group, and .862 for the Chinese group, which indicated potential multidimensionality 

of the evaluative measures. 

Confirmatory Factor Analysis 

To answer the first question on the latent structure of the measures, CFA models with 

different number of factors were tested. Figure 5 displays the theoretical models to be tested for 

fluency scores. The one-factor model assumed the eight subtests measured a universal concept or 

construct of evaluative skill, whereas the four-factor model assumed distinctiveness of each kind 

of evaluative measures based on different types of DT tests (Runco et al., 2016). Table 19 shows 

the chi square statistic and fit indices for the two potential factor models when factor loadings 

were freely estimated in each cultural group as in the configural MI model. There was difference 

in chi square but not tested since they were not nested models. In terms of model fit, all indices 

suggested that the one-factor model showed a poor fit (e.g., CFI = .844), whereas the four-factor 

model fit the data well (e.g., CFI = .971). The results supported that the eight subtests provide 

information about four components of evaluative skill. Thus, the following steps of testing MI 

were based on the four-factor model.  
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Figure 5. Theoretical Models to be Tested: Evaluative Accuracy 

Note. LME1_M, LME2_M, UseE1_M, UseE2_M, InsE1_M, InsE2_M, CoE1_M, CoE2_M refer to average scores 

obtained over the six ideas evaluated on each of the two DT subtests of Line Meanings, Uses, Instances, and 

Consequences respectively. LME = Line Meanings Evaluative Accuracy; UseE = Uses Evaluative Accuracy; InsE = 

Instances Accuracy;  ConE= Consequences Accuracy. 

Table 19 

Results of Model Comparison of One- and Four-Factor Models: Evaluative Accuracy 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  378.053 40 .844 .782 .157 .070  

Configural Four 90.606 28 .971 .942 .081 .032 287.447 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean square 

error of approximation; SRMR = Standardized root mean square residual. 

Testing of Measurement Invariance  

Parameter estimates based on the four-factor configural MI model are displayed in Table 

20, and the model fit results for each step of MI tests are shown in Table 21. For the configural 

MI model, with the factor loading on the first item set at 1 while those on the second item freely 

estimated, results showed positive factor loadings estimated for each indicator-factor relationship 
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in each cultural group. These estimates were significant; combined with the fit indices 

information indicating a good model fit (e.g., CFI = .971), these results together suggested the 

configural invariance was supported in the present analysis. In addition, the difference in CFI 

between the configural MI model and weak MI model was -.003, meeting the ΔCFI <= .01 

criterion (Cheung & Rensvold, 2002) and supporting the assumption of weak invariance. 

However, the difference in CFI between the weak MI model and strong MI model was -.087, 

substantially exceeding the ΔCFI <= .01 criterion and suggesting the violation of strong 

invariance. Informed by modification indices based on the strong MI model, two subtests of 

Consequences were potential problem items, followed by two subtests of Instances, and two 

subtests of Uses. With the two intercepts of Consequences across the groups freely estimated 

(CFI = .909), the partial strong MI model was tested but not supported. Several other kinds of 

partial MI models were tested as well but they were not supported either.  

 

 

Table 20 

Configural MI Model Parameter Estimates on Evaluative Accuracy across Two Groups: Four Factors 

 LME by  UseE by  InsE by  ConE by  

 LME1_M LME2_M UseE1_M UseE2_M InsE1_M InsE2_M ConE1_M ConE2_M 

American @1 1.252 @1 1.075 @1 1.113 @1 1.040 

Chinse @1 0.977 @1 1.129 @1 0.923 @1 0.809 

Note. LME = Line Meanings evaluative accuracy; UseE = Uses evaluative accuracy; InsE = Instances evaluative 

accuracy; ConsE = Consequences evaluative accuracy. 

***p < .001. 

 

 

 



56 

 

Table 21 

Fit Indices for Model Comparisons on Evaluative Accuracy across Two Groups: Four Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 90.606 28 .971 .081 .032     

Weak 100.406 32 .968 .079 .044 configural 9.8* 4 -.003 

Strong 294.060 36 .881 .145 .076 weak 193.654*** 4 -.087 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

*p < .05; ***p < .001. 

Next, item reduction was conducted to produce an invariant scale (e.g., Sturm et al., 

2017; Williams & Gotham, 2021). Informed by the initial reliability analyses, the modification 

indices analyses above, and the nature of the eight subtests (i.e., every two subtests were based 

on a single type of DT test), the two items on both the Instances and Consequences test were 

removed and the group of nested models were fitted again. To confirm whether the two-factor 

model remained the better model, the one-factor and two-factor models (see Figure 6) were 

tested again, and results are shown in Table 22 when factor loadings were freely estimated in 

each cultural group as in the configural MI model. Again, results suggested a significantly better 

fit of the two-factor model (e.g., CFI = 1) than the one-factor model (e.g., CFI = .937). The 

results further supported that the two subtests selected provide information about two 

components of evaluative skill. Thus, the following steps of testing MI were based on the two-

factor model.  

Parameter estimates based on the two-factor configural MI model are displayed in Table 

23, and the model fit results for each step of MI tests are shown in Table 24. For the configural 

MI model, with the factor loading on the first item set at 1 while those on the second item freely 

estimated, results showed positive factor loadings estimated for each indicator-factor relationship 
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in each cultural group. These estimates were significant; combined with the fit indices 

information indicating a good model fit (e.g., CFI = 1), these results together suggested the 

configural invariance was supported in the present analysis. In addition, the difference in CFI 

between the configural MI model and weak MI model was .001, meeting the ΔCFI <= .01 

criterion (Cheung & Rensvold, 2002) and supporting the assumption of weak invariance. 

Moreover, the difference in CFI between the weak MI model and strong MI model was -.011, 

marginally meeting the ΔCFI <= .01 criterion and suggesting the satisfaction of strong 

invariance.  

Based on this strong MI model input, with the latent means in the American group set at 

zero while those in the Chinese group freely estimated, the latent mean comparison showed no 

significant difference between the two groups on the Line Meanings evaluation task; however, it 

showed higher evaluative scores of the Chinese sample on the Uses evaluation task (p <.001). 

Since this evaluative score refers to the discrepancy of respondents’ ratings from the criterion 

values (i.e., lower values indicate high evaluative skill), this result indicated that the evaluative 

skill of the Chinese sample was lower than that of the American sample on evaluative tasks 

based on Uses tests. 

 

 

Figure 6. Adjusted Theoretical Models to be Tested: Evaluative Accuracy 



58 

 

Note. LME1_M, LME2_M, UseE1_M, UseE2_M refer to average scores obtained over the six ideas evaluated on 

each of the two DT subtests of Line Meanings, Uses, Instances, and Consequences respectively. LME = Line 

Meanings Evaluative Accuracy; UseE = Uses Evaluative Accuracy. 

Table 22 

Results of Model Comparison of One- and Two-Factor Models: Evaluative Accuracy 

Model No. of 

factors 

χ2 df CFI TLI RMSEA SRMR Δχ2 

Configural One  62.799 4 .937 .812 .207 .043  

Configural Two 0.324 2 1.000 1.000 .000 .003 62.475 

Note. df = degree of freedom; CFI = Comparative fit index; TLI = Tucker Lewis index; RMSEA = Root mean square 

error of approximation; SRMR = Standardized root mean square residual. 

Table 23 

Configural MI Model Parameter Estimates on Evaluative Accuracy across Two Groups: Two Factors 

 LME by  UseE by  

 LME1_M LME2_M UseE1_M UseE2_M 

American @1 1.238*** @1 0.856*** 

Chinese @1 1.049*** @1 1.053*** 

Note. LME = Line Meanings evaluative accuracy; UseE = Uses evaluative accuracy. 

***p < .001. 

Table 24 

Fit Indices for Model Comparisons on Evaluative Accuracy across Two Groups: Two Factors 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural .324 2 1.000 .000 .003     

Weak 4.656 4 .999 .022 .028 configural 4.332 2 .001 

Strong 16.973 6 .988 .073 .039 weak 12.317** 2 -.011 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

**p < .01. 
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The Individualism-collectivism Test 

Initial Reliability Analyses 

The internal consistency coefficients were .609, .696, .723, .654 for HI, VI, HC, and VC 

respectively for the American group, and .588, .671, .677, .682 for the Chinese group, which 

were considered moderate reliability. The Cronbach’s alpha-if-item-deleted feature showed that 

removing Items 13 and 16 could result in significant increase in alpha value for the American 

group, and deleting Items 9 and 16 could result in significant increase in alpha value for the 

Chinese group. In terms of the alpha coefficient over all 16 items, the values were .682 for the 

American group and .766 for the Chinese group, which indicated potential multidimensionality 

of the individualism-collectivism test. 

Confirmatory Factor Analysis 

To answer the first question on the latent structure of the test, an initial CFA was 

conducted using all 16 items. Figure 7 (on the left) displays the theoretical model to be tested. 

This four-factor model assumed four dimensions of the individualism-collectivism test, which 

was suggested by the developers of this scale (Triandis & Gelfland, 1998). Factor loadings were 

freely estimated in each cultural group, and results showed that the model did not fit the data 

well (for the American group: χ2 = 310.428, df = 98, CFI = .821, RMSEA = .080, SRMR = .079; 

for the Chinese group: χ2 = 426.088, df = 98, CFI = .749, RMSEA = .099, SRMR = .080). Next, 

modification indices were examined. It suggested allowing items to load on other factors, for 

example allowing Item 10 to load on HI. Suggestions by modification indices are data driven, 

and when there is conflict between data and theories, the latter should prevail (Frazier & 

Youngstrom, 2007; Garcia-Barrera et al., 2011). In light of this, model modifications were not 
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considered here, and instead, an Exploratory Factor Analyses (EFA) was conducted using Mplus 

based on four factors employing the Geomin rotation method.  

Based on this EFA results, previous literature (Yao et al., 2012; Items 6, 9, 14 were 

dropped), and also the above mentioned initial reliability analyses showing the potential problem 

of Items 9, 13, and 16, the present study dropped seven items for both groups: Items 3, 6, 7, 9, 

13, 14, and 16. The model on the right in Figure 7 displays the theoretical model to be tested 

using confirmatory factor analyses after removing the seven items. The revised model fit the data 

well (for the American group: χ2 = 35.635, df = 21, CFI = .972, RMSEA = .045, SRMR = .035; 

for the Chinese group: χ2 = 26.147, df = 21, CFI = .988, RMSEA = .027, SRMR = .035). Thus, 

the following steps of testing MI were based on the revised four-factor model.  

Testing of Measurement Invariance  

Parameter estimates based on the revised four-factor configural MI model are displayed 

in Table 25, and the model fit results for each step of MI tests are shown in Table 26. For the 

configural MI model, with the factor loading on the first item set at 1 while those on the second 

item freely estimated, results showed positive factor loadings estimated for each indicator-factor 

relationship in each cultural group. These estimates were significant; combined with the fit 

indices information indicating a good model fit (e.g., CFI = .980), these results together 

suggested the configural invariance was supported in the present analysis. In addition, the 

difference in CFI between the configural MI model and weak MI model was .002, meeting the 

ΔCFI <= .01 criterion (Cheung & Rensvold, 2002) and supporting the assumption of weak 

invariance. Moreover, the difference in CFI between the weak MI model and strong MI model 

was -.076, exceeding the ΔCFI <= .01 criterion and suggesting the violation of strong invariance. 

Because the aim of the present study was to examine the relationship between individualism-
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collectivism and creativity, the satisfaction of weak MI was satisfactory, and no further 

modifications to the scale were made.  

 

Figure 7. Theoretical Models to be Tested: Individualism-collectivism 

Note. The model on the left refers to the four-factor model containing all 16 items, and the one on the right 

represents the four-factor model after deleting seven items. HI = Horizontal Individualism; VI = Vertical 

Individualism; HC = Horizontal Collectivism; VC = Vertical Collectivism. 

 

 

Table 25 

Configural MI Model Parameter Estimates on the Individualism-Collectivism Test across Two Groups 

 HI by  VI by   HC by  VC by   

 IC1 IC5 IC2 IC10 IC11 IC15 IC4 IC8 IC12 

American @1 0.993*** @1 1.226*** @1 0.536*** @1 0.977*** 1.629*** 

Chinese @1 0.920*** @1 1.041*** @1 0.449*** @1 0.838*** 1.336*** 

Note. HI = Horizontal Individualism; VI = Vertical Individualism; HC = Horizontal Collectivism; VC = Vertical 

Collectivism. 

***p < .001. 
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Table 26 

Fit Indices for Model Comparisons on the Individualism-Collectivism Test across Two Groups 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 61.782 42 .980 .037 .035     

Weak 63.974 47 .982 .032 .036 configural 2.192 5 .002 

Strong 143.439 52 .906 .072 .051 weak 79.465*** 5 -.076 

Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

***p < .001. 

The Uncertainty Avoidance Test 

Initial Reliability Analyses 

The internal consistency coefficients over all six items were .904 for the American group, 

and .803 for the Chinese group, which were considered moderate to high reliability. The 

Cronbach’s alpha-if-item-deleted feature showed no item could significantly increase the alpha 

value for either group.  

Confirmatory Factor Analysis 

To answer the first question on the latent structure of the test, an initial one-factor CFA 

was conducted using all six items. This model (see Figure 8 on the left) assumed the unitary 

dimension of the uncertainty avoidance test, which was suggested by previous works (Hofstede, 

1980a). Factor loadings were freely estimated in each cultural group, and results showed that the 

model did not fit the data well (for the American group: χ2 = 201.126, df = 9, CFI = .865, 

RMSEA = .250, SRMR = .054; for the Chinese group: χ2 = 135.462, df = 9, CFI = .811, RMSEA 

= .202, SRMR = .069). Next, EFA was conducted with Mplus based on two factors employing 

the Geomin rotation method. Based on this EFA result, the present study dropped the cross-

loaded Item 3 (i.e., I dislike unpredictable situations) for both groups. Based on the analysis on 
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the content of each item, two factors can be extracted in terms of affective and cognitive aspects, 

referred to here as Emotional Response, and Dislike of Uncertainty. Figure 8 (on the right) 

displayed the theoretical models to be tested using confirmatory factor analyses. The revised 

model fit the data well (for the American group: χ2 = 9.203, df = 4, CFI = .995, RMSEA = .062, 

SRMR = .019; for the Chinese group: χ2 = 3.845, df = 4, CFI = 1, RMSEA = 0, SRMR = .013). 

Thus, the following steps of testing MI were based on the revised two-factor model.  

Testing of Measurement Invariance  

Parameter estimates based on the revised two-factor configural MI model are displayed in 

Table 27, and the model fit results for each step of MI tests are shown in Table 28. For the 

configural MI model, with the factor loading on the first item set at 1 while those on the second 

item freely estimated, results showed positive factor loadings estimated for each indicator-factor 

relationship in each cultural group. These estimates were significant; combined with the fit 

indices information indicating a good model fit (e.g., CFI = .997), these results together 

suggested the configural invariance was supported in the present analysis. In addition, the 

difference in CFI between the configural MI model and weak MI model was -.002, meeting the 

ΔCFI <= .01 criterion (Cheung & Rensvold, 2002) and supporting the assumption of weak 

invariance. Moreover, the difference in CFI between the weak MI model and strong MI model 

was -.005, additionally meeting the ΔCFI <= .01 criterion and suggesting the assumption of 

strong invariance.  

Although not the focus of the present study, results of the latent mean comparison on 

uncertainty avoidance were obtained here to inform other conclusions of interest. Based on the 

strong MI model input, with the latent means in the American group set at zero while those in the 

Chinese group freely estimated, the latent mean comparison showed higher scores of the Chinese 
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sample on both factors of Emotional Response and Dislike of Uncertainty (p < .05 and p <.001 

respectively) compared to the American sample.  

 

Figure 8. Theoretical models to be tested: Uncertainty Avoidance 

Note. The model on the left refers to the one-factor model containing all 6 items, and the one on the right represents 

the two-factor model after deleting Item 3. UA1, UA2, UA3, UA4, UA5, UA6 represent the six items on the 

Uncertainty Avoidance Test. 

Table 27 

Configural MI Model Parameter Estimates on the Uncertainty Avoidance Test across Two Groups 

 EMO by  DIS by   

 UA1 UA2 UA4 UA5 UA6 

American @1 0.995*** @1 1.608*** 1.586*** 

Chinese @1 1.331*** @1 1.470*** 1.456*** 

Note. EMO = Emotional Response; DIS = Dislike of Uncertainty. 

***p < .001. 

Table 28 

Fit Indices for Model Comparisons on the Uncertainty Avoidance Test across Two Groups 

Model χ2 df CFI RMSEA SRMR Compare with Δχ2 Δdf ΔCFI 

Configural 13.048 8 .997 .043 .016     

Weak 18.724 11 .995 .045 .037 configural 5.676 3 -.002 

Strong 29.754 14 .990 .057 .045 weak 11.03* 3 -.005 
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Note. df = degree of freedom; CFI = Comparative fit index; RMSEA = Root mean square error of approximation; 

SRMR = Standardized root mean square residual. 

*p < .05. 

Summary of MI Tests Results for Measures of all Constructs 

In the above section, the measurement invariance for measures of all constructs were 

tested, and results (see Table 29 for summary) showed: (a) For DT fluency scores, configural and 

weak MI of the original four-factor model with all eight subtests were met, but strong MI was 

not; however, after deleting the two subtests of Instances, the strong MI of the revised three-

factor model was satisfied. (b) For DT originality scores, configural MI of the original four-

factor model with all eight subtests were met, but weak and strong MI were not; after deleting 

the two subtests of both Uses and Instances, the weak and strong MI of the revised two-factor 

model were satisfied. (c) For evaluative measures, configural and weak MI of the original four-

factor model with all eight subtests were met, but strong MI was not; however, after deleting 

items based on the two subtests of both Instances and Consequences, strong MI of revised two-

factor model was marginally satisfied. (d) For the individualism-collectivism test, the original 

four-factor model with 16 items did not fit the data well. After removing seven items, configural 

and weak MI of the revised 9-item four-factor model were met, but strong MI was not. (e) For 

the uncertainty avoidance test, the original one-factor model with six items did not fit the data 

well. After deleting one item, configural, weak and strong MI of the revised 5-item two-factor 

model were met. 
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Table 29 

Summary of MI Tests Results for Measures of all Constructs 

Construct Original factor model Revised factor model 

Divergent thinking fluency Original four-factor model: 

configural and weak MI met 

Revised three-factor model (after 

removing the two subtests of 

Instances): configural, weak, and 

strong MI met 

Divergent thinking originality Original four-factor model: 

configural MI met 

Revised three-factor model (after 

removing the two subtests of 

Instances): configural and weak MI 

met; Revised two-factor model 

(after removing the two subtests of 

Uses and Instances): configural, 

weak and strong MI met 

Evaluative skill Original four-factor model: 

configural and weak MI met  

Revised two-factor model (after 

removing items based on the two 

subtests of Instances and 

Consequences): configural and 

weak MI met, strong MI marginally 

satisfied 

Individualism-collectivism Original four-factor model did not 

fit the data well 

Revised four-factor model (after 

deleting seven items): configural 

and weak MI met 

Uncertainty Avoidance Original one-factor model did not 

fit the data well 

Revised two-factor model (after 

deleting one item): configural, 

weak and strong MI met 
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SEM Results for Relationships between all Variables 

SEM Results with Fluency as DT Output 

The present study aimed to investigate the relationships between individualism-

collectivism, uncertainty avoidance, divergent thinking, and evaluative skill. The satisfaction of 

weak invariance is required to explore relationships between constructs across groups (Chen & 

West, 2008; Rusticus & Hubley, 2006). The MI tests results above showed that the measures of 

all constructs of interest met weak invariance based on either the original or revised model. The 

revised model (after removing items) needed to reach strong MI would not be considered here if 

weak MI of the original model was already supported. Specifically, the original four-factor 

model (Figure 1-left) for DT fluency, the revised three-factor model (Figure 4-left) for DT 

originality, the original four-factor model (Figure 5-left) for evaluative skill, the revised four-

factor model (Figure 7-right) for the individualism-collectivism test and the revised two-factor 

model (Figure 8-right) for the uncertainty avoidance test were considered legitimate 

measurement models to enter the structural models. 

The theoretical relationships in the structural models to be tested were as follows: 

individualism-collectivism (four latent factors) and uncertainty avoidance (two latent factors) 

served as the predictor variables; divergent thinking (four latent factors for fluency or three latent 

factors for originality) and evaluative skill (four latent factors) served as the outcome variables. 

Table 30 shows the model fit results when fluency was used as the DT output, which indicated 

that the model fit was good for both the American and Chinese groups. Figure 9 and Figure 10 

display the model results with significant coefficients for the American and Chinese group 

respectively (to facilitate perusal of the figures, solid lines indicate significant effects, whereas 

insignificant effects are not displayed). Specifically, for the American group, path analysis 
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showed that HC positively predicted DT fluency based on Line Meanings, and VC negatively 

predicted DT fluency based on Instances. For the Chinese group, it showed that VC negatively 

predicted DT fluency based on Lines Meanings and Uses, and positively predicted evaluative 

scores (i.e., negatively predicted evaluative accuracy since the score refers to discrepancy from 

the criterion) based on Line Meanings tasks.  

For the association between DT fluency and evaluative scores, for the American group, 

results showed a positive relation (i.e., a negative relation between DT fluency and evaluative 

accuracy) in general when the evaluation task was based on Line Meanings and Uses; however, 

there was a negative link between the two (i.e., a positive relation between DT fluency and 

evaluative accuracy) when the evaluation task was based on Instances. For the Chinese group, 

similar to the American group, there was a positive association between DT fluency and 

evaluative scores (i.e., a negative association between DT fluency and evaluative accuracy) in 

general, but without any negative relation.  

Table 30 

Fit Indices for SEM models for all Variables: Fluency as Divergent Thinking Output 

Model χ2 df CFI TFI RMSEA SRMR AIC BIC 

American 462.395*** 314 .964 .951 .037 .038 25313.696 26007.267 

Chinese 464.092*** 314 .958 .942 .037 .041 23439.466 24135.148 

Note. df = degree of freedom; CFI = Comparative fit index; TFI = Tucker Lewis index; RMSEA = Root mean 

square error of approximation; SRMR = Standardized root mean square residual; AIC = Akaike's information 

criteria; BIC = Bayesian information criteria.  

***p < .001. 
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Figure 9. SEM Model Results for the American Group: Fluency as Divergent Thinking Output 

Note. All coefficient estimates are standardized. Solid lines indicate significant effects, whereas insignificant effects 

are not displayed. In addition, relations between latent variables of the same construct are not displayed, specifically: 

Those between HI, VI, HC, and VC; those between EMO and DIS; those between LM FLU, Use FLU, Ins FLU, and 

Con FLU; those between LME, UseE, InsE, and ConsE. Special note: The path from VC to Instances fluency was 

marginally significant, with p = .054. 

HI = horizontal individualism; VI = vertical individualism; HC = horizontal collectivism; VC = vertical 

collectivism; EMO = emotional response; DIS = dislike of uncertainty; LM FLU = Line Meanings fluency; Use 

FLU = Uses fluency; Ins FLU = Instances fluency; Con FLU = Consequences fluency; LME = Line Meanings 

evaluative accuracy; UseE = Uses evaluative accuracy; InsE = Instances evaluative accuracy; ConsE = 

Consequences evaluative accuracy. 

*p < .05; **p < .01; ***p < .001.  
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Figure 10. SEM Model Results for the Chinese Group: Fluency as Divergent Thinking Output 

Note. All coefficient estimates are standardized. Solid lines indicate significant effects, whereas insignificant effects 

are not displayed. In addition, relations between latent variables of the same construct are not displayed, specifically: 

Those between HI, VI, HC, and VC; those between EMO and DIS; those between LM FLU, Use FLU, Ins FLU, and 

Con FLU; those between LME, UseE, InsE, and ConsE. Special note: The path from VC to LME was marginally 

significant, with p = .055. 

HI = horizontal individualism; VI = vertical individualism; HC = horizontal collectivism; VC = vertical 

collectivism; EMO = emotional response; DIS = dislike of uncertainty; LM FLU = Line Meanings fluency; Use 

FLU = Uses fluency; Ins FLU = Instances fluency; Con FLU = Consequences fluency; LME = Line Meanings 

evaluative accuracy; UseE = Uses evaluative accuracy; InsE = Instances evaluative accuracy; ConsE = 

Consequences evaluative accuracy. 

*p < .05; **p < .01; ***p < .001. 

SEM Results with Originality as DT Output 

Accordingly, Table 31 shows the model fit results when originality was used as the 

divergent thinking output, which indicated that the model fit was good for both the American and 

Chinese groups. Figure 11 and Figure 12 display the model results with significant coefficient 



71 

 

estimates for American and Chinese group respectively (to facilitate perusal of the figures, solid 

lines indicate significant effects, whereas insignificant effects are not displayed). Specifically, for 

the American group, path analysis showed that VC negatively predicted DT originality based on 

Consequences. For the Chinese group, it showed that VC negatively predicted DT originality 

based on Lines Meanings and Uses, and  positively predicted evaluative scores (i.e., negatively 

predicted evaluative accuracy because the score refers to discrepancy from the criterion) when 

the evaluation task was based on Line Meanings. For the association between DT originality and 

evaluative scores, for both the American and Chinese groups, results showed a positive relation 

(i.e., a negative relation between DT originality and evaluative accuracy) in general when the 

evaluation task was based on Line Meanings and Uses.  

 

 

Table 31 

Fit Indices for SEM models for all Variables: Originality as Divergent Thinking Output 

Model χ2 df CFI TFI RMSEA SRMR AIC BIC 

American 391.157*** 272 .963 .949 .036 .037 21319.579 21940.344 

Chinese 376.838*** 272 .959 .942 .033 .041 19918.318 20540.973 

Note. df = degree of freedom; CFI = Comparative fit index; TFI = Tucker Lewis index; RMSEA = Root mean 

square error of approximation; SRMR = Standardized root mean square residual; AIC = Akaike's information 

criteria; BIC = Bayesian information criteria.  

***p < .001. 

 

 



72 

 

 

Figure 11. SEM Model Results for the American Group: Originality as Divergent Thinking Output 

Note. All coefficient estimates are standardized. Solid lines indicate significant effects, whereas insignificant effects 

are not displayed. In addition, relations between latent variables of the same construct are not displayed, specifically: 

Those between HI, VI, HC, and VC; those between EMO and DIS; those between LM ORI, Use ORI, and Con ORI; 

those between LME, UseE, InsE, and ConsE. 

HI = horizontal individualism; VI = vertical individualism; HC = horizontal collectivism; VC = vertical 

collectivism; EMO = emotional response; DIS = dislike of uncertainty; LM FLU = Line Meanings originality; Use 

FLU = Uses originality; Con FLU = Consequences originality; LME = Line Meanings evaluative accuracy; UseE = 

Uses evaluative accuracy; InsE = Instances evaluative accuracy; ConsE = Consequences evaluative accuracy. 

*p < .05; **p < .01; ***p < .001. 
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Figure 12. SEM Model Results for the Chinese Group: Originality as Divergent Thinking Output 

Note. All coefficient estimates are standardized. Solid lines indicate significant effects, whereas insignificant effects 

are not displayed. In addition, relations between latent variables of the same construct are not displayed, specifically: 

Those between HI, VI, HC, and VC; those between EMO and DIS; those between LM ORI, Use ORI, and Con ORI; 

those between LME, UseE, InsE, and ConsE. 

HI = horizontal individualism; VI = vertical individualism; HC = horizontal collectivism; VC = vertical 

collectivism; EMO = emotional response; DIS = dislike of uncertainty; LM FLU = Line Meanings originality; Use 

FLU = Uses originality; Con FLU = Consequences originality; LME = Line Meanings evaluative accuracy; UseE = 

Uses evaluative accuracy; InsE = Instances evaluative accuracy; ConsE = Consequences evaluative accuracy. 

*p < .05; **p < .01; ***p < .001. 
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CHAPTER 5 

DISCUSSION 

This chapter discusses the results in the following order: divergent thinking tests, 

evaluative measures, the individualism-collectivism test, and the uncertainty avoidance test. For 

measures of each construct, it discusses the latent structure first, then the measurement 

invariance tests results, followed by latent mean comparisons results. Next, it discusses the 

results for the relationships between all variables: the relationship between cultural orientation 

and creativity, followed by that between DT and evaluative skill. Last, it draws a conclusion and 

discusses limitations of the present study. 

Divergent Thinking Tests 

Latent Structure 

The present study aimed to investigate the latent factor structure and MI of four DT tests 

(Line Meanings, Uses, Instances, and Consequences) across American and Chinese cultural 

groups. First, the four-factor model showed a good fit for both groups on the fluency as well as 

originality scores, which is consistent with previous views that different types of DT measures 

are not equivalent, and there is no universal concept (or factor) of DT (Reiter-Palmon et al., 

2019; Runco et al., 2016). The present study provided psychometric evidence and confirmed the 

argument by documenting four different latent factors based on different types of DT tasks, 

suggesting that scores from different DT measures may not be redundant and can provide unique 

information. This finding is also consistent with the recent MI study based on two DT tests (Guo 

et al., 2021). Therefore, as suggested by previous researchers (Long & Plucker, 2015; Reiter-
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Palmon et al., 2019; Runco et al., 2016), various types of DT tests should be used in creativity 

research to generate a broader and more generalizable conclusion in terms of DT ability.  

Measurement Invariance 

In terms of measurement invariance, for DT fluency, based on the four-factor model with 

all eight subtests, different levels of MI tests using multi-group CFA analyses showed that 

configural invariance and weak invariance were satisfied, whereas strong invariance was 

violated. First, the assumption of configural MI indicated that the same four-factor latent 

structure for DT was assessed across American and Chinese groups, that is, “the same indicators 

are associated with the same factors for both groups” (Rensvold & Cheung, 2001, p. 29). Second, 

the satisfaction of weak MI indicated that the relationships between factors underlying DT or 

between DT and other external variables of interest were comparable, that is, “the measure may 

be used to examine structural relationships or correlations between the construct of interest and 

other constructs across groups” (Rusticus & Hubley, 2006, p. 828). Third, the violation of strong 

MI indicated a problem in comparing observed mean differences across groups. In this case, 

researchers should be cautious because it would be misleading to attribute observed mean 

differences to latent construct differences. As suggested by Thompson and Green (2006), at least 

partial strong MI should be satisfied for meaningful latent mean comparisons. Further, with the 

removal of two subtests of Instances, the revised three-factor model met strong MI. It indicated 

that latent mean comparison can be conducted across American and Chinese individuals with 

this three-factor model, and the Instances tests may be more culturally dependent in terms of DT 

fluency. It is possible that people living in different locations have different historical and social 

heritages (Cheung et al., 2016; Hartley et al., 2016) and thus may be substantively different in 

finding different examples (e.g., for things that are square or can move one wheels). Last, the 
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recent MI study (Guo et al., 2021) across American and Chinese individuals based on DT tasks 

of Line Meanings and Real-world Problems supported weak MI of the two tests cross-culturally, 

but only partial strong MI of Real-real Problems fluency was satisfied, whereas that of Line 

Meanings still failed to be established. The present study also employed Line Meanings tasks 

with the result supporting the assumption of strong MI. Possible reasons include that the tasks in 

the present study used different items (i.e., figures) from the previous study; the respondents of 

this study and the previous one are from different locations (e.g., for Chinese participants, central 

China in the present study vs. eastern China in the previous one), and thus, factors such as SES 

may play a role.  

In the case of originality, based on the four-factor model with all eight subtests, different 

levels of MI tests using multi-group CFA analyses showed satisfied configural invariance, but 

violated weak invariance. Similar to the case of fluency, the assumption of configural MI 

indicated that the same four-factor latent structure for DT was assessed across American and 

Chinese groups. Different from that of fluency, the violated weak invariance indicated that the 

relationships between factors underlying DT or between DT and other external variables of 

interest were not comparable (Rusticus & Hubley, 2006). Further, with the removal of two 

subtests of Instances, the revised three-factor model met weak MI, but strong MI was still not 

satisfied. This finding indicated that the relationships between factors underlying DT or between 

DT and other external variables of interest (e.g., individualism-collectivism) were comparable 

across the two groups based on this three-factor model. Next, with the removal of the two 

subtests of both Uses and Instances, the revised two-factor model finally met strong MI, 

legitimately permitting latent mean comparisons across the two cultural groups (Thompson & 

Green, 2006). In terms of the specific DT tests removed, it indicated that Uses and Instances are 
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more culturally dependent. When compared to the MI tests results on fluency, it suggested that 

different DT indices (e.g., fluency, originality) may show different psychometric properties. The 

reason may be that originality depends more on specific cultures and different cultures may 

perceive originality in a different manner (Karwowski, 2016). For example, in term of the 

concept of creativity, individuals from the West tend to emphasize originality more while those 

from the East pay more attention to appropriateness (Adair & Xiong, 2018; Morris & Leung, 

2010; Xie & Paik, 2019).  

Latent Mean Comparisons 

Results of latent mean comparisons on fluency and originality scores were similar. 

Specifically, based on the three-factor strong MI model (with Line Meanings, Uses, and 

Consequences) input, it showed higher DT fluency of American individuals compared to their 

Chinese counterparts; based on the two-factor strong MI model (with Line Meanings and 

Consequences) input, it showed higher DT originality of American individuals compared to 

Chinese peers. This is consistent with previous studies supporting the higher level of DT 

performance of American individuals compared to Chinese peers based on observed mean 

comparisons (e.g., Deng et al., 2016; Jellen & Urban, 1989). The present study provided more 

statistically robust evidence via latent mean comparisons (Barbot, 2019; Yuan & Bentler, 2006), 

and further clarified that not all DT tests (e.g., Instances) are comparable among those two 

cultural groups, and even the same DT test (e.g., Uses) may display different psychometric 

properties in terms of different DT indices (fluency, originality) among different cultural groups. 

In sum, the results indicated that it is psychometrically valid to conduct latent mean 

comparisons based on the three-factor model (with Line Meanings, Uses, and Consequences) on 

fluency, and the two-factor model (with Line Meanings and Consequences) on originality. It is 
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also valid to examine the relationship between DT fluency and other variables (e.g., 

individualism vs. collectivism) cross-culturally based on the four-factor model (with Line 

Meanings, Uses, Instances, and Consequences), and examine the relationship between DT 

originality and other variables (e.g., uncertainty avoidance) cross-culturally based on the three-

factor model (with Line Meanings, Uses, and Consequences). 

Evaluative Measures 

Latent Structure 

The present study aimed to investigate the latent factor structure and MI of four 

evaluative measures based on four different DT tests (Line Meanings, Uses, Instances, and 

Consequences) across American and Chinese cultural groups. First, the four-factor model 

showed a good fit for both groups on evaluative scores, which is consistent with previous views 

that evaluation tasks based on different types of DT tests may not equivalent. Specifically, Runco 

and Dow (2004) showed that participants had worse evaluative skill on the evaluation task based 

on Consequences compared to that based on Uses and Pattern Meanings. The present study 

confirmed the argument by documenting four different latent factors based on different types of 

evaluation tasks, suggesting that scores from different evaluative measures may not be redundant 

and can provide unique information. Therefore, various evaluative measures (i.e., ideas based on 

different DT tests) should be used to generate a more generalizable conclusion in terms of 

evaluative skill.  

Measurement Invariance 

In terms of measurement invariance, based on the four-factor model with all eight 

subtests, different levels of MI tests using multi-group CFA analyses showed satisfied configural 

invariance and weak invariance, and violated strong invariance. First, the assumption of 
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configural MI indicated that the same four-factor latent structure for evaluative skill was 

assessed across American and Chinese groups. Second, the satisfaction of weak MI indicated 

that the relationships between factors underlying evaluative skill or between evaluative skill and 

other external variables of interest (e.g., individualism-collectivism) were comparable (Rusticus 

& Hubley, 2006). Third, the violation of strong MI indicated a problem when comparing 

observed mean differences across groups. In this case, researchers should be cautious because it 

would be misleading to attribute observed mean differences to latent construct differences. As 

suggested by Thompson and Green (2006), strong MI, or at least partial strong MI should be 

satisfied for meaningful latent mean comparisons. Further, with the removal of two subtests of 

both evaluation tasks based on Instances and Consequences, the revised two-factor model 

marginally met strong MI. It indicated that latent mean comparison can be conducted across 

American and Chinese individuals with this two-factor model, and evaluation tasks based on the 

Instances and Consequences tests may be more culturally dependent in terms of evaluative skill. 

It is possible that people living in different locations have different historical and social heritages 

(Cheung et al., 2016; Hartley et al., 2016) and thus may be substantively different in evaluating 

ideas based on the Instances and Consequences tasks. In contrast, the evaluation tasks based on 

the other two DT tests (Line Meanings, Uses) may be more culturally independent, indicating 

that they may be more applicable and valid tools in cross-cultural contexts.  

Latent Mean Comparisons 

The finding from latent mean comparisons based on the two-factor model (with 

evaluation tasks based on Line Meanings and Uses) supported higher evaluative skill of 

American respondents compared to their Chinese peers on the Uses evaluation task, although no 

difference emerged in that on the Line Meanings evaluation task. To my knowledge, this is the 
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first study investigating evaluative skill cross-culturally, and the result supported that Americans 

may be better in judging creativity of ideas, especially on ideas based on the Uses test. Keeping 

in mind that this finding should be approached with caution because strong MI was only 

marginally satisfied, it suggested that compared to the results on DT performance (i.e., higher 

levels of American individuals on three DT tests in terms of fluency, and on two DT tests in 

terms of originality), people from the two cultural groups are more similar in evaluative skill. It 

is possible that Chinese individuals put more emphasis on appropriateness compared to 

American peers (Karwowski, 2016; Nijstad et al., 2010; Xie & Paik, 2019), which leads to their 

ignorance of the original aspect of ideas, thus they have worse evaluative skill.    

In sum, the results indicated that it is psychometrically valid to conduct latent mean 

comparisons based on the two-factor model (with evaluation tasks based on Line Meanings and 

Uses) in terms of evaluative skill. It is also valid to examine the relationship between evaluative 

skill and other variables (e.g., individualism vs. collectivism) cross-culturally based on the four-

factor model (with evaluation tasks based on Line Meanings, Uses, Instances, and 

Consequences). 

The Individualism-collectivism Test 

Latent Structure 

The present study aimed to investigate the latent factor structure and MI of the 

individualism-collectivism test across American and Chinese cultural groups. First, the original 

four-factor model with 16 items did not show a good fit for both groups. This indicated that the 

original four-factor framework proposed by the developers (Triandis & Gelfland, 1998) may not 

be valid when assessing individualism-collectivism among American and Chinese individuals, 

with some items cross-loading on other factors, or not applicable to both groups. For example, 
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for Item 6 (i.e., Winning is everything), results showed that besides loading on VI, it loads on 

VC as well, that is, this item is not a good indicator for VI. With the removal of seven items, the 

revised four-factor model showed a good fit. Therefore, partly consistent with previous research 

(Yao et al., 2012), item reduction needs to be done before the measure can validly assess the 

construct of interest.  

Measurement Invariance 

In terms of measurement invariance, based on the revised four-factor model with nine 

items, different levels of MI tests using multi-group CFA analyses showed satisfied configural 

invariance and weak invariance, and violated strong invariance. First, the assumption of 

configural MI indicated that the same four-factor latent structure for individualism-collectivism 

was assessed across American and Chinese groups. Second, the satisfaction of weak MI 

indicated that the relationships between factors underlying individualism-collectivism or 

between individualism-collectivism and other external variables of interest (e.g., evaluative skill) 

were comparable (Rusticus & Hubley, 2006). Third, the violation of strong MI indicated the 

problem in comparing observed mean differences across groups. In this case, researchers should 

be cautious because it would be misleading to attribute observed mean differences to latent 

construct differences. As suggested by Thompson and Green (2006), strong MI, or at least partial 

strong MI should be satisfied for meaningful latent mean comparisons.  

In sum, the results indicated that it is psychometrically valid to examine the relationship 

between individualism-collectivism and other variables (e.g., divergent thinking, evaluative skill) 

within each cultural group, as well as compare the direction and strength of this relationship 

cross-culturally (Chen & West, 2008).  

 



82 

 

The Uncertainty Avoidance Test 

Latent Structure 

The present study aimed to investigate the latent factor structure and MI of the 

uncertainty avoidance test across American and Chinese cultural groups. First, the original one-

factor model with six items did not show a good fit for both groups. This indicated that the 

original one-factor framework proposed by the developer (Hofstede, 1980a) may not be valid 

when assessing uncertainty avoidance among American and Chinese individuals. EFA analyses 

results showed one item (Item 3: I dislike unpredictable situations) cross-loaded on two factors. 

With the removal of this item, the revised two-factor model showed a good fit. Therefore, partly 

consistent with previous research (Jung, 2002), item reduction needs to be done before the 

measure can validly assess the construct. 

Measurement Invariance 

In terms of measurement invariance, based on the revised two-factor model with five 

items, different levels of MI tests using multi-group CFA analyses showed satisfied configural, 

weak and strong invariance. The assumption of configural and weak MI indicated that not only 

the latent structure of the construct (i.e., uncertainty avoidance) being examined was similar, but 

also the strength of the corresponding relationship between latent factors and individual 

indicators was the same across the two cultures. In addition, the assumption of strong MI 

indicated that the intercepts of indicator items in different groups were similar, suggesting the 

validity in comparing means in the two cultural groups (Thompson & Green, 2006).  

In sum, the results indicated that based on the two-factor model it is psychometrically 

valid to examine the relationship between uncertainty avoidance and other variables (e.g., 

divergent thinking, evaluative skill) within each cultural group, as well as compare the direction 
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and strength of this relationship cross-culturally (Chen & West, 2008). Directly comparing the 

means of uncertainty avoidance in two groups can also be conducted, although it was not the 

focus of the present study. 

Relationships Between all Variables 

The present study aimed to investigate the relationships between individualism-

collectivism, uncertainty avoidance, divergent thinking, and evaluative skill. The satisfaction of 

weak invariance is required to explore relationships between constructs across groups (Chen & 

West, 2008; Rusticus & Hubley, 2006). Based on interpretations above, the original four-factor 

model (with Line Meanings, Uses, Instances, and Consequences) for DT fluency, the revised 

three-factor model (with Line Meanings, Uses, and Consequences) for DT originality, the 

original four-factor model for evaluative skill (with evaluation tasks based on Line Meanings, 

Uses, Instances, and Consequences), the revised four-factor model for the individualism-

collectivism test (with nine items) and the revised two-factor model (with five items) for the 

uncertainty avoidance test were considered valid measurement models to enter the structural 

models. The theoretical relationships to be tested were as follows: individualism-collectivism 

(four latent factors) and uncertainty avoidance (two latent factors) served as the predictor 

variables; divergent thinking (four latent factors for fluency or three latent factors for originality) 

and evaluative skill (four latent factors) served as the outcome variables. 

Cultural Orientation and Creativity 

The present study investigated two conceptualizations of cultural orientation 

(individualism-collectivism, uncertainty avoidance), and two components of creativity (DT, 

evaluative skill). With fluency as the DT output, SEM analyses showed that for the American 

group, horizontal collectivism (HC) positively predicted DT fluency based on Line Meanings, 
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and vertical collectivism (VC) negatively predicted DT fluency based on Instances. For the 

Chinese group, it showed that VC negatively predicted DT fluency based on Lines Meanings and 

Uses, and negatively predicted evaluative accuracy based on Line Meanings tasks. Taken 

together, the results provided evidence of (a) the negative effect of VC on DT fluency across 

different DT tasks (although not all tasks) and across cultures, (b) the positive effect of HC on 

DT fluency in the American group only, and (c) the negative effect of VC on evaluative skill in 

the Chinese group only. First, the consistent negative effect of VC on DT fluency was consistent 

with previous views that collectivism focuses on interdependence and conformity, which may 

hinder unique idea generation (Brew & Chen, 2007; Ng, 2001). Recall here that VC refers to the 

belief that people not only have common goals and are dependent, but also are distinct from each 

other in status, which is different from HC, which holds that people are similar to each other. As 

noted by Triandis and Gelfand (1998, p. 119), “The most important attributes that distinguish 

among different kinds of individualism and collectivism are the relative emphases on horizontal 

and vertical social relationships.” The present finding further clarified that not all kinds of 

collectivism, but only vertical collectivism (i.e., people are different in status) negatively predicts 

DT fluency. Further, consistent with the finding of a previous study (Yao et al., 2012) 

investigating Chinese employees, the present study showed that HC positively predicts DT in the 

American group. It is possible that not collectivism itself, but the inequality of people’s status 

makes them unable to freely express their opinions and thus inhibits idea generation, whereas 

equality can promote the ideational process. To some extent, this is consistent with previous 

researchers’ (e.g., Oyserman, 2006; Shavitt et al., 2006) views that the vertical vs. horizontal 

dimension is similar to the concept of power distance proposed by Hofstede (1980a), and larger 
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power distance may lead to inhibition on proposing novel ideas (Erez & Nouri, 2010; Morris & 

Leung, 2010).  

With originality as the DT output, SEM analyses showed that for the American group, 

VC negatively predicted DT originality based on Consequences. For the Chinese group, it 

showed that VC negatively predicted DT originality based on Lines Meanings and Uses, and 

negatively predicted evaluative accuracy when the evaluation task was based on Line Meanings. 

Similar to the results with fluency as the DT output, those results also showed the consistent 

negative effect of VC on DT, suggesting the consistent impact of VC on different indices of 

divergent thinking. It is possible the inequality of people’s status not only makes them unable to 

freely express their opinions and thus inhibits the generation of ideas in number, but also the 

production of original or unique ideas in quality (Erez & Nouri, 2010; Morris & Leung, 2010). 

Last, based on the model with either fluency or originality as the DT output, the negative effect 

of VC on evaluative skill in the Chinese group suggested that this vertical dimension not only 

inhibits the ideational process but also the evaluative process. It is possible that in collectivistic 

cultures people tend to conform (Brew & Chen, 2007; Kim, 2009; Ng, 2001), and the perceived 

different status of people increases the tendency, thus they do not appreciate the value of creative 

ideas to avoid potential confrontations.  

Divergent Thinking (DT) and Evaluative Skill 

With fluency as the DT output, SEM analyses showed that for the American group, there 

was a negative link between DT fluency and evaluative accuracy in general when the evaluation 

task was based on Line Meanings and Uses; however, there was a positive relation between DT 

fluency and evaluative accuracy when the evaluation task was based on Instances. For the 

Chinese group, similar to the American group, there was a negative association between DT 
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fluency and evaluative accuracy in general. It is possible that DT belongs to ideational processes 

whereas evaluative skill is analytic, thus they are independent of each other (Grohman et al., 

2006; Sternberg & Lubart, 1995). The consistent evidence of a negative link across cultures 

suggested that divergent thinking can be negatively affected by personal evaluations (Runco & 

Dow, 2004). In contrast, the evidence of a positive link indicated that the relationship between 

DT and evaluative skill may be moderated by the type of evaluation tasks used. People have 

different evaluative accuracy on different evaluation tasks (Runco & Dow, 2004), and this may 

affect the link between DT and evaluative skill. Previous studies on DT and evaluative skill also 

showed inconsistent results, with some supporting a positive link (Benedek et al., 2016; Runco, 

1991) whereas others suggesting a negative one (Grohman et al., 2006; Guo et al., 2019). In this 

case, it is possible that some moderators (e.g., the type of DT tests, the type of evaluation tasks, 

the method of measuring evaluative accuracy, evaluation instructions, interpersonal vs. 

intrapersonal evaluation) may have played a role in affecting the relationship. For example, 

although the relationship was inconsistent in interpersonal evaluation, there appears a tendency 

that DT positively correlated with intrapersonal evaluation skill (e.g., Grohman et al., 2006; 

Runco & Smith, 1992). It is possible that in intrapersonal evaluation (i.e., evaluating one’s own 

ideas), people are familiar with their own ideational process and understand the pathway of ideas 

better, whereas in interpersonal evaluation (i.e., evaluating others’ ideas), people may need extra 

information for accurate idea judgement (Charles & Runco, 2001). Thus, future studies can 

further investigate the issue when people are evaluating their own ideas, and by more 

systematically varying the types of tasks, measuring methods, and instructions used to assess 

these constructs. 



87 

 

With originality as the DT output, SEM analyses showed that for both the American and 

Chinese groups, there was a negative relation between DT originality and evaluative accuracy in 

general when the evaluation task was based on Line Meanings and Uses. Those results further 

confirmed the negative link between DT and evaluative skill regardless of DT indices or outputs.  

Conclusion 

The present study is one of the first to investigate the differences in evaluative skill 

across the Eastern and Western cultures via latent mean comparisons, which can draw more 

statistically robust conclusions. The findings contribute to the understanding that there are cross-

cultural differences in people’s evaluative skill, and the pattern is different from that on 

divergent thinking. Specifically, it provides evidence that Westerners have higher performance 

on evaluative skill based on some evaluation tasks in addition to popularly researched DT. It also 

suggests that DT and evaluative skill (when people are evaluating others’ ideas) are independent 

of each other or even negatively correlated. In this case, it implies that educators should raise the 

concern of promoting students’ evaluative skill in addition to DT, particularly for those from 

collectivistic cultures. For example, students may need to be provided more opportunities to 

practice evaluating others’ ideas. 

Further, although previous views suggested that collectivism inhibited idea generation 

(Brew & Chen, 2007; Ng, 2001), the present study further clarified that not all kinds of 

collectivism, but only vertical collectivism (i.e., people are different in status) negatively predicts 

both DT and evaluative skill. This suggests that sharing common goals and being dependent on 

each other in collectivistic cultures not necessarily hinders creativity, but the unequal status 

between people plays an important role. The implication in educational settings is that a more 
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equal teacher-student relationship might be helpful for the development of individuals’ creativity 

in the classroom.  

In addition, it is also one of the few studies that further investigated cross-cultural 

differences on DT via latent mean comparisons. First, the examination of the latent structure for 

both DT and evaluative skill suggested the multidimensional nature of both constructs. It implies 

that future researchers should employ more than one creativity tests in order to draw more robust 

conclusions. Also, practitioners in assessment of creativity in educational setting are encouraged 

to use more than one tool for a more comprehensive mastery of students’ performance. For 

example, by doing a profile analysis of students’ performance, educators can have a better 

understanding on students’ strengths and weaknesses based on different measures, which might 

be helpful for a more differentiated instruction. Second, in testing MI, the present study gave 

some evidence of a psychometrically valid tool (with 15% to 50% problem items removed) for 

assessing DT as well as evaluative skill cross-culturally. The specific tasks that failed to meet MI 

point to the problem that although cross-cultural studies in creativity are emerging, it is not 

appropriate to compare observed means if the measurement invariance of the measures is not 

satisfied (Karwowski, 2016). Thus, researchers should be cautious in interpreting cross-cultural 

observed creativity scores in cases where MI is not tested, and future studies investigating MI 

issues in the field of creativity are needed to establish a set of measures that is appropriately 

invariant across many cultures.  

Limitations 

There are several limitations in this study. First, it concerns the measures. The present 

study only employed two items (subtests) for each of the four types of DT tests, and six ideas 

presented for each evaluation task. Future studies can investigate DT tests with three or more 
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items and evaluation tasks with a larger number of ideas to see whether there are differences in 

the psychometric properties of the measures cross-culturally. Also, the ideas for evaluation based 

on Instances and Consequences tasks were from previous studies with a small to medium sample 

size, which may trivially affect the measurement of evaluative accuracy. Future studies may 

compile ideas from studies with a relatively large sample size, for example, from the DT tests of 

the present study. In addition, there are various types of DT tests in the field, and the present 

study only explored a subset of them. To make a more convincing conclusion regarding DT and 

evaluative skill, more types of DT tests as well as evaluation tasks should be included.  

The second limitation concerns the sample. The participants in this study were college 

students in China and the US, thus the findings may not be generalized to populations of other 

age levels and educational backgrounds, or individuals in other countries. To establish a more 

convincing conclusion regarding differences between East Asians and Western populations, 

respondents of other age levels (e.g., children), educational backgrounds (e.g., individuals 

without college education) and from other countries (e.g., Japan and Finland) can be 

investigated. In addition, the females were a little overrepresented in the present study, and thus, 

a more balanced gender proportion is encouraged to be explored in the future. 

Lastly, the constructs being studied can be broadened. For example, the examination of 

evaluative skill should go beyond evaluating others’ ideas. Future studies can further investigate 

cross-cultural differences in situations where people are evaluating their own ideas. Additionally, 

the investigation of cultural orientation should not be limited to individualism-collectivism and 

uncertainty avoidance. Specifically, the dimensions of power distance and others which may be 

promising in predicting creativity can be further explored.   
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Appendix A 

Divergent Thinking Tests-Line Meanings 

Directions: On the next few sections, you are going a play a game. 

You will see some lines and figures and after you have looked at each one, please tell us all of 

the things that the drawing makes you think of.  

List all the things that the drawing could be. Think of as many things as you can. The more, the 

better. You can look at it from any direction (or angle) you want. 
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Appendix B 

Divergent Thinking Tests-Uses 

Directions: On the next page, you will be asked to list all the uses you can think of for some 

daily objects. 

Please list as many uses as you can for the following objects. The more, the better. 

 

What uses can you think of 

for a chair? 

 

 

 

 

 

 

 

What uses can you think of 

for a rope? 
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Appendix C 

Divergent Thinking Tests-Instances 

Directions: On the next page, you will be asked to do another creativity task. For this task, please 

list as many instances as possible of things with the following features. The more, the better. 

 

What instances can you 

think of things that are 

square? 

 

 

 

 

 

 

What instances can you 

think of things that can 

move on wheels? 
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Appendix D 

Divergent Thinking Tests-Consequences 

Directions: On the next page, you will be asked to do another creativity task. For this task, please 

list as many consequences as possible if the following situation happened. The more, the better. 

 

What would happen as a 

consequence if people lost 

the ability of reading and 

writing? 

 

 

 

 

 

 

What would happen as a 

consequence if people no 

longer needed food in life? 

 

 

 

 

 

 

 

 

 

 

 

 



112 

 

 

 

Appendix E 

Evaluative Measures-Ideas from Line Meanings 

Now that you got some experience on performing those interesting games, the following are 

some ideas produced by others. You will have the opportunity to evaluate their ideas. There is no 

right or wrong answer. 

For each of the three figures listed below, people were asked to produce as many ideas as 

possible about what the drawing could be. They can look at it from any direction (or angle) they 

want.  

Below are the ideas produced by them, and you are going to evaluate the ideas regarding how 

many people out of 10 would think of the idea. Small number means it is rare for people to think 

of this idea, and large number means many people can think of this idea. 

Game 1:  

 
 

 1 2 3 4 5 6 7 8 9 10 

wifi           

mountain           

music           

sun           

golf ball           

breast           

 

Game 2 

 
 1 2 3 4 5 6 7 8 9 10 

camel           

worm           

string           

mountain           

signature           

river           
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Appendix F 

Evaluative Measures-Ideas from Uses 

 

For each of the three daily objects listed below, people were asked to produce as many ideas as 

possible about what the uses could be.  

Below are the ideas produced by them, and you are going to evaluate the ideas regarding how 

many people out of 10 would think of the idea. Small number means it is rare for people to think 

of this idea, and large number means many people can think of this idea. 

 

Task 1: List all the uses for an umbrella. 

Please evaluate each idea regarding how many people out of 10 would think of the use. 

 

 1 2 3 4 5 6 7 8 9 10 

collect water           

lampshield           

walking stick           

decoration           

weapon           

golf club           

 

Task 2: List all the uses for a book. 

Please evaluate each idea regarding how many people out of 10 would think of the use. 

 

 1 2 3 4 5 6 7 8 9 10 

weapon           

conversation starter           

art           

to hold love letters           

to make a fire           

doorstop           
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Appendix G 

Evaluative Measures-Ideas from Instances 

 

For each of the two tasks listed below, people were asked to produce as many ideas as possible 

about instances of things with specific features.  

Below are the ideas produced by them, and you should evaluate the ideas regarding how many 

people out of 10 would think of the idea. Small number means it is rare for people to think of this 

idea, and large number means many people can think of this idea. 

 

Task 1: List all the things that are round.  

Please evaluate each idea regarding how many people out of 10 would think of the instance. 

 

 

 1 2 3 4 5 6 7 8 9 10 

neutron           

sink           

end of a ball pen           

fingertip           

earth           

doorknob           

 

Task 2: List all the things that can make a noise. 

Please evaluate each idea regarding how many people out of 10 would think of the instance. 

 

 

 1 2 3 4 5 6 7 8 9 10 

thunder           

air conditioner           

walking           

stomach           

bees           

paper           
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Appendix H 

Evaluative Measures-Ideas from Consequences 

 

For each of the two imagined situations listed below, people were asked to produce as many 

ideas as possible about consequences following that situation. 

Below are the ideas produced by them, and you should evaluate the ideas regarding how many 

people out of 10 would think of the idea. Small number means it is rare for people to think of this 

idea, and large number means many people can think of this idea. 

 

Situation 1: What would happen as a consequence if people no longer needed to sleep? 

Please evaluate each idea regarding how many people out of 10 would think of the consequence. 

 

 

 1 2 3 4 5 6 7 8 9 10 

not happy           

no dreams           

no need for a bed           

more crime           

party longer           

more fights           

 

Situation 2: What would happen as a consequence if people could live twice longer than now? 

Please evaluate each idea regarding how many people out of 10 would think of the consequence. 

 

 1 2 3 4 5 6 7 8 9 10 

technological advances           

more divorces           

be wiser           

more sicknesses           

more wrinkles           

food shortages           
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Appendix I 

The Individualism-Collectivism Test 

Directions: Please use a scale from 1 = disagree (false) to 9 = agree (true) to indicate your 

agreement or disagreement with the following statements. 

 

1. I'd rather depend on myself than others. 

2. It is important that I do my job better than others. 

3. If a coworker gets a prize, I would feel proud. 

4. Parents and children must stay together as much as possible. 

5. I rely on myself most of the time; I rarely rely on others. 

6. Winning is everything. 

7. The well-being of my coworkers is important to me.  

8. It is my duty to take care of my family, even when I have to sacrifice what I want. 

9. I often do "my own thing." 

10. Competition is the law of nature. 

11. To me, pleasure is spending time with others. 

12. Family members should stick together, no matter what sacrifices are required. 

13. My personal identity, independent of others, is very important to me. 

14. When another person does better than I do, I get tense and aroused. 

15. I feel good when I cooperate with others. 

16. It is important to me that I respect the decisions made by my group. 
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Appendix J 

The Uncertainty Avoidance Test 

 

Direction: Please use a scale from 1 = strongly disagree (false) to 7 = strongly agree (true) to 

indicate your agreement or disagreement with the following statements.  

 

1. I tend to get anxisou easily when I don’t know an outcome.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

2. I feel stressful when I cannot predict consequences.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

3. I dislike unpredictable situations.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

4.  I dislike it when a person’s statement could mean different things.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

5. I don’t like to go into a situation without knowing what I can expect from it.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 

6. I don’t like situations that are uncertain.  

Strongly Disagree 1 2 3 4 5 6 7 Strongly Agree 
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Appendix K 

Demographic Measures 

 

What is your gender? 

Male 

Female 

I'm not sure 

Other 

 

How old are you? (please indicate a number) 

 

What is your major? 

 

What ethnicity do you identify yourself with? 

White 

Latino 

Black or African American 

Asian 

American Indian or Alaska Native 

Native Hawaiian or Pacific Islander 

Multiracial or Other 

 

 

 

 

 

 

 

 

 

 


