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creativity measure in U.S. schools, especially for gifted identification. TTCT-F has been thought 

to be culturally fair across ethnicities and gender, although this belief has rarely been empirically 

tested. Our study examined the latent structure of the TTCT-F scales: Fluency, Originality, 

Elaboration, Abstractness of Titles (AT), and Resistance to Premature Closure (RPC), and then 
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genders. Using data obtained from 379 U.S. elementary school students, we identified that the 
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We also found that this two-factor model was invariant across under- and over-represented 

ethnicities at configural, metric, and scalar levels. In contrast, even configural invariance did not 

hold across both boys and girls, suggesting that additional research is needed to understand 

creative thinking across genders. 
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CHAPTER 1 

INTRODUCTION 

 

For over five decades, the Torrance Test of Creative Thinking (TTCT; Torrance, 1966/2017) has 

been the most influential and extensively used creative thinking measure in U.S. schools, 

especially for gifted identification (Acar et al., 2021; Kaufman et al., 2012; Kim, 2011). Believed 

to be culturally fair across diverse ethnicities, genders, socioeconomic statuses, and languages, 

the TTCT is considered to play a vital role in promoting equitable access to gifted services, 

thereby including a wide range of students from diverse cultural backgrounds (Bart et al., 2017; 

Kim et al., 2006; Lee et al., 2024). 

The TTCT is conceptually focused on tapping students’ Divergent Thinking (DT; 

Guildford, 1967), referring to the ability to produce multiple original ideas from the same 

prompt. According to Guilford’s Structure-of-Intellect Model (SOI; 1956, 1988), DT can be 

generally represented by ideational Fluency (quantity of ideas within a set amount of time), 

Originality (statistically infrequence of ideas), Flexibility (ideas from different categories), and 

Elaboration (detail of ideas). Drawing upon the conceptual framework of DT and DT tasks 

introduced by Guilford and his colleagues (1961, 1963), Paul Torrance created the TTCT which 

consists of two disparate modalities, namely Verbal and Figural. These tests have been re-

normed six times and translated into more than 35 languages so far (Kim, 2010; Millar, 2002). 

The TTCT-Figural (TTCT-F) is generally regarded as a more reliable and valid option than the 

Verbal test, especially when assessing students from culturally diverse backgrounds (Cramond, 
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1993; Kim, 2011). While there is evidence of internal consistency (Acar et al., 2024), the actual 

psychometric evidence for the claims of cultural fairness of the TTCT-F is somewhat limited.  

With the understanding that creative thinking should not be limited to divergent thinking, 

the earlier versions of the TTCT-F were thought to be insufficient in capturing the breadth of 

creative thinking, which led to the addition of additional scoring methods and scale: Abstractness 

of the Titles (AT), Resistance to Premature Closure (RPC), and the creative strengths checklist 

(Ball & Torrance, 1984; Hébert et al., 2002). Also, flexibility was removed due to its high 

overlap with fluency scores, which is known as the fluency confound (Clark & Mirels, 1970; 

Forthmann et al., 2020). At the same time, a criterion-referenced subscale that captures 13 

creative strengths was added into the scoring system in the 1984 revision (Ball & Torrance, 

1984; Kim, 2006). While the current scoring scales are considered to feature a broad scope of 

creative thinking and the research has addressed how the TTCT-F measures the latent constructs 

of creative thinking (Acar et al., 2023; Said-Metwaly et al., 2018), less is known about the 

correlates of the latent factors assessed by TTCT-F and how educators and school administrators 

can interpret these scores for educational purposes. Furthermore, beyond the previous findings 

that there tend to be no significant score differences in the TTCT-F scales across ethnicities and 

genders (Krumm et al., 2016; Torrance, 1971), little is known about whether the TTCT-F 

measures creative thinking in the same way across these groups. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 TTCT-F and Gifted Identification 

Torrance advocated for including creativity tests as one of the multiple criteria in gifted 

identification (Torrance, 2004), believing that it could bring equity benefits for getting gifted and 

talented programs and services to students from culturally diverse backgrounds (Grantham, 

2013; Lee et al., 2024; Torrance, 1971). He suggested that, as creativity is less influenced than 

other measures by past educational opportunity, students who may otherwise be missed can be 

identified using the TTCT-F (Torrance, 2004). Beyond merely using IQ tests and standardized 

academic achievement tests which can potentially put marginalized students at a disadvantage, 

the inclusion of the creativity assessments has been considered to improve underrepresentation of 

Culturally Linguistically, and Economically Diverse (CLED) students (Kaufman et al., 2012; 

Luria et al., 2016).  

Among the creativity assessments used for gifted and talented programs including,

divergent thinking tests (e.g., Wallach-Kogan Creativity Test; Wallach & Kogan, 1965; TTCT; 

Torrance, 2017), domain-specific creative products (e.g., CAT; Amabile, 1996), performance-

based problem-solving assessments (e.g., DISCOVER; Maker, 2005), and creativity rating 

subscales (e.g., SRBCSS; Renzulli, 2010), the TTCT-F is the most widely used norm-referenced 

creative thinking test covering populations from preschool to adulthood (Kaufman et al., 2008, 

2012; Lee et al., 2024). Given that the TTCT-F is one of the standardized creativity tests 
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possessing the grade and age norms representing U.S. populations, the TTCT-F could provide a 

good rationale for making high-stake decisions like determining eligibility for gifted programs

(Kim, 2006). The TTCT-F consists of two parallel forms A and B, and includes activities of 

Picture Construction, Picture Completion, and Line/Circles, which might be accessible and 

engaging particularly for elementary-age children (Kim, 2017). Also, because domain-specific 

creativity emerges over the course of schooling within particular domains and is closely linked to 

domain knowledge and expertise (Baer, 2015; Dumas et al., 2024), a domain-general creative 

thinking assessment like the TTCT-F may be more suitable for younger students who have not 

sufficiently developed domain-specific knowledge yet.  

Despite Torrance’s warning against treating the TTCT scores as a single factor (1966, 

1974), the single Creativity Index composite score has been frequently used for gifted 

identification in educational settings (Acar et al., 2023; Kim et al., 2006; Lee et al., 2024). The 

Creativity Index score is obtained by the average of the standardized scores for the five subscales 

(Fluency, Originality, Elaboration, AT, and RPC), where standardized means (M) of 100 and 

standard deviations (SD) of 20 were utilized (Torrance, 1966/2017). For instance, in the state of 

Georgia, the Creativity Index composite score at or above 90th percentile on the TTCT-F is 

considered as eligible for gifted education services (the cut-off score is around 125 depending on 

the distribution), within the students’ grade level or age (Georgia Department of Education 

[GaDOE], 2022).  

However, using the single Creativity Index scores for judging gifted eligibility may yield 

a limited understanding of creative thinking as expressed through the TTCT-F (Torrance, 1966, 

1974; Kim, 2006). Solely depending on a composite score may not provide the granularity that is 

needed for an accurate assessment of an individual’s creative thinking, as it oversimplifies the 
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complex structure of the construct. Once a student is identified as gifted, the Creativity Index 

fails to deliver any detailed information to support their individualized learning in developing 

creative thinking. Given that one of the main purposes of conducting the creativity tests is to 

identify a student’s creative strengths and areas needing improvement (Cramond, 1994; 

Torrance, 1974), educators and school administrators might benefit from interpreting the scores 

in a way that fully illustrates creative thinking that is expressed through the TTCT-F. 

2.2 Gifted Identification Across Ethnicities and Genders 

Underrepresentation of Black/African American, Hispanic/Latinx, and Native American students 

in gifted identification has been an important issue which needs to be addressed in the field of 

gifted education (Daniels, 1998; Ford et al., 2001; Ford & Harris, 1994; Yoon & Gentry, 2009). 

In contrast, Asian and White/European American students have been over-represented in gifted 

and talented education services, especially Asian students identified even at a higher rate than 

their White peers (Lee et al., 2024; Peters et al., 2019). Notably, the TTCT-F does seem to have a 

positive influence on this issue, because this identification gap tends to become larger when 

creativity assessment is not used, and only other identification methods such as IQ measures and 

standardized achievement tests are used (Hodges et al., 2018). This is because disadvantaged 

students may lack the opportunities to fully develop their potential or to develop the abilities 

assessed on identification tests, and therefore are not likely to be identified as gifted, despite 

having high learning potential (Dumas et al., 2020; Pfeiffer, 2012).  

To address the unequal representation issue, a wider set of identification methods like 

nonverbal assessments, creative thinking tests, and recommendations from teachers or peers are 

used for identifying the talents and abilities which might otherwise be unrecognized through IQ 

measures and standardized achievement tests (Lohman & Foley-Nicpon, 2012). Because it is 
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simultaneously focused on creative thinking, and within a nonverbal modality, the TTCT-F is 

considered to be an especially useful measure for this purpose (Bart et al., 2017; Cramond, 1994; 

Torrance, 1971). For example, Black/African American students have tended to perform better 

than, or at least similar to, their White peers in classic studies using the earlier version of TTCT-

F (Covington, 1969; Torrance, 1967, 1971). However, few studies have investigated whether the 

TTCT-F shows less bias in gifted identification, except one recent study revealed that the 

inclusion of the TTCT-F did not significantly improve the underrepresentation of Black/African 

American, Hispanic/Latinx, and Native American students (Lee et al., 2024). Hence, the field of 

gifted and talented education needs to further investigate whether the TTCT-F measures creative 

thinking similarly across different ethnicities.  

On the other hand, in terms of gender, there tends to be no disproportional representation 

of males or females in gifted identification (Crombie et al., 1992; Petersen, 2018). However, 

boys were more likely to be identified than girls when only IQ measures and standardized 

achievement tests were used for determining eligibility, suggesting that this form of 

identification methods might possibly disadvantage girls (Petersen, 2018). This may indicate that 

including the TTCT-F in the identification processes could contribute to equal gender 

representation in gifted and talented services.  

Concerning TTCT-F scores, it has been difficult to conclude about the presence of either 

male or female advantages on this test, with some samples showing higher scores for one group, 

and other samples showing the opposite (Baer & Kaufman, 2008; Saeki et al., 2001), which 

might contribute to proportional representation in gifted identification in terms of gender, if those 

sample-specific differences indicate equality in the population. Yet, males appear to be more 

likely to be represented in adulthood creative achievements than females. This might be due to 
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different socialization experiences and gender stereotypes (Bian et al., 2017; Cole & Zuckerman, 

1987; Helson & Picano, 1990). Considering that school environments may be more supportive of 

creative expressions from boys than from girls (McVey, 2004), there may be a possibility that 

girls and boys respond to the creativity tests in a different way. At this point in time, as the 

student populations in the U.S. continues to grow more diverse (U.S. Department of Education, 

2020), achieving proportional identification of different ethnicities and genders through unbiased 

assessments is becoming increasingly important. 

2.3 The Structure of the TTCT-F 

Examining the latent factor structure of a measure is one useful way to understand the underlying 

psychological constructs that the measure is assessing within the sample population (Kim et al., 

2006; Wiebe et al., 2008). Although Torrance (1966, 1974) suggested that each subscale of the 

TTCT-F has an independent meaning, and therefore, the test scores should not be aggregated to a 

single score, researchers have been likely to believe that the structure of the TTCT-F, like the 

other divergent thinking tests, might comprise one overall creative thinking attribute (Abernathy-

Tannehill, 1997; Chase, 1985). In this regard, some previous studies have shown that the TTCT-

F scores consist of one general factor (Clapham, 1998; Heausler & Thompson, 1988), indicating 

that these scales may measure a similar construct. These findings were primarily due to high 

correlations between Fluency and Originality as well as Fluency and Flexibility (Clapham, 1998; 

Cramond et al., 2005), especially in the older versions of TTCT-F and TTCT-Verbal. 

However, the current streamlined scoring system of the TTCT-F, which reflects the five 

norm-referenced scales (Fluency, Originality, Elaboration, AT, and RPC) along with 13 creative 

strengths, is distinct from the earlier version that was regarded as composed of a singular factor. 

With the current version of the scales, there has been a consensus that the TTCT-F consists of 
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two-factors rather than one general factor (Acar et al., 2023; Bart et al., 2017; Hahm et al., 2019;

Humble et al., 2018; Kim et al., 2006; Krumm et al., 2014, 2016; Said-Metwaly et al., 2018; Xu 

et al., 2025; Yoon, 2017). These two latent factors were called “Innovative” and “Adaptive”, 

which were derived from Kirton’s Innovator and Adaptor distinctions (1976, 1978, 1989). The 

model suggests that the Innovative factor pertains to the ability to generate novel ideas quickly, 

whereas the Adaptive factor reflects the capacity for deep and detailed thinking (Kim et al., 

2006). Relatedly, Fluency and Originality loaded onto the Innovative factor, and Elaboration and 

AT loaded onto the Adaptive factor consistently in the two-factor models (Acar et al., 2023; 

Said-Metwaly et al., 2018). These findings gave implications in terms of understanding and 

interpreting two disparate cognitive functions of creative thinking expressed through the TTCT-F

(Alabbasi et al., 2022; Kim et al., 2006).   

However, there has been an inconsistency regarding which factor RPC fell into, because 

RPC either loaded onto Innovative or Adaptive factors, or cross-loaded onto both (See Figure 1). 

This inconsistency might stem from the nature of RPC, which refers to the cognitive capability to 

keep one’s mind open and defer judgment while considering available alternatives to the 

solutions (Torrance, 1984, 1990, 1998). Given the meaning of RPC, it appears to be closely 

linked to both Innovative and Adaptive factors (Acar et al., 2023; Kim, 2006; Lubart & Zenasni, 

2010). To elaborate, RPC might be a good mindset to reach originality by continuously 

producing multiple ideas (i.e., load on the Innovative factor), and it also might help in adding 

details and giving imaginative titles to those generated ideas through persistent commitment to 

the task (i.e., load on the Adaptive factor). Taking these past findings together, the theoretically 

and empirically plausible two-factor models as well as a general one-factor model are presented 

in Figure 1. Previous meta-CFA studies (Acar et al., 2023; Said-Metwaly et al., 2018) 



 

9 

 

demonstrated that the most optimal two-factor model involved RPC loading onto the Adaptive 

factor, while another model with the cross-loading of RPC was identified as the second most 

optimal. Considering that the best-fitting model manifested differently depending on the 

characteristics of the samples used in the previous studies (Bart et al., 2017; Humble et al., 2018; 

Kim et al., 2006; Krumm et al., 2014, 2016; Sahin, 2015; Xu et al., 2025), the factor structures of 

the TTCT-F scales could potentially vary across culturally different groups, particularly among 

younger students, and may not align with the most commonly accepted best-fitting models.  

2.4 Measurement Invariance in Educational Testing 

Measurement Invariance (MI) refers to the statistical concept that latent constructs, assessed 

through a measurement, are understood and interpreted in the same way across identifiable 

subgroups, such as different genders, race/ethnicities, and age/grades (Schmitt & Kulijanin, 

2008). MI has been one fundamental goal in educational and psychological testing (AERA, 

APA, NCME, 2014; Dong & Dumas, 2020; Engelhard, 2008), because it ensures that a measure 

is unbiased and fair (Engelhard, 1989). Particularly, achieving MI is essential when comparing 

the latent means across different groups or time points, as failing to establish it may mislead the 

interpretation of such comparisons (Vanderberg & Lance, 2000). This is especially crucial in 

educational settings, where test scores impact high-stakes decisions that might have long-lasting 

impacts on students’ lives (e.g., gifted identification or university admission; Millsap, 2011).

Without MI, these decisions might disadvantage specific groups, leading to unintended negative 

outcomes (Millsap & Kwok, 2004). For example, lack of MI might result in over- or under-

representation of particular ethnic or gender groups, thereby threatening fairness and 

consequential validity (Messick, 1989, 1994) of the test. Thus, the establishment of MI lays the 
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groundwork for making equitable and ethical decisions in educational contexts as well as 

strengthening the statistical robustness of measurements (Putnick & Bornstein, 2016). 

The extent to which MI holds across diverse subgroups has been tested by using 

statistical techniques including confirmatory factor analysis (CFA) and item response theory 

(IRT; Stark et al., 2006). If the person-invariance, defined as an establishment of the stable item 

parameters (e.g., item difficulty) across subgroups (Engelhard, 2008), is of interest, Rasch 

models or IRT frameworks might be beneficial. However, the CFA-based analysis has stood out 

in MI studies due to its advantages over IRT when the MI study aims to examine item-

invariance, which refers to whether the items function similarly across different groups 

(Engelhard, 2008). The CFA approach follows a step-by-step analysis to examine the extent to 

which MI holds, whereas IRT simultaneously tests the equivalence of item discrimination and

item difficulty parameters, which are analogous to factor loadings and intercepts in CFA (Meade 

& Lautenschlager, 2004). The CFA model explores whether group differences in latent 

constructs stem from true differences or systematic measurement bias through a series of tests by 

using software like R packages Lavaan or OpenMx, LISREL, Amos, and Mplus. In particular, 

the factor models based on CFA analysis could be represented by the following regression 

equation where  indicates an observed variable or indicator,  implies an intercept,  represents 

the latent variable,   is a factor loading or regression coefficient, and  is uniqueness or 

residual.  

 =  +  +  

The steps of MI testing with CFA model are as follows. Before testing the invariance of 

the measurement, multivariate outliers for each group must be screened to ensure the dataset 

meets the assumptions for CFA. Then, multigroup CFA is carried out by sequentially fitting 
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configural, metric, scalar, and structural invariance models, with the parameters gradually 

constrained at each level. During these steps, if the model fit gets significantly worse than the 

previous invariance model, it could be interpreted as evidence that MI does not hold at that 

particular level (Schmitt & Kuljanin, 2008; Vanderberg & Lance, 2000). In the first step, a test 

for configural invariance (Horn & McArdle, 1992) requires the same factor structure and patterns 

of factor loadings across different groups. Configural MI should be established to make the 

subsequent MI tests meaningful. The second step involves a test that the factor loadings are the 

same across groups, which is called metric invariance (Horn & McArdle, 1992). At this level of 

the MI tests, the factor loadings are constrained to equality for each group to compare the model

fit with the configural model. If the model fit does not get worse and metric invariance is 

achieved, it suggests that individuals from different groups interpret the items in the same way. 

In the third step, a test of scalar invariance (Meredith, 1993), where the intercepts as well as 

factor loadings are constrained to be equal across groups, necessitates the intercepts of the 

regression equations for each observed variable are equivalent. Scalar invariance indicates that 

the observed scores would be the same when individuals from different groups have the same 

level of latent constructs. Once scalar invariance is achieved, latent factor means can be 

compared between groups. On the other hand, partial invariance might be tested without 

establishing scalar invariance, by freeing some item intercepts. The next step involves a test of 

strict invariance (Meredith, 1993), referred to as ensuring that measurement error is same across 

groups, by constraining the residuals of the regression equation for each observed variable to be 

equal. If strict invariance is not achieved, then reliability of each indicator could be interpreted as 

different across groups. However, strict invariance has been found to be difficult to achieve and 

not necessary to be tested, and therefore, not of interest to most researchers (Vanderberg, 2002).  
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The chi-square test is the most widely used test to examine the global model fit, however, 

this test is known to be sensitive to a large sample size given that it easily fails to reject the 

model even the differences between models are negligible (van de Schoot et al., 2012). In the 

case of multigroup CFA, there are mainly two types of fit indices that could be used for model 

comparisons (Kline, 2010). First, there are relative indices that compare a model fit to the 

baseline model, such as Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI). Second, 

absolute fit indices like Root Mean Square Error of Approximation (RMSEA) and Standardized 

Root Mean Square Residual (SRMR) assess how well the model reproduces the observed data 

without comparing it to any other model. Some fit indices are likely to be sensitive to model 

complexity (e.g., RMSEA) and others sensitive to sample size (e.g., CFI, TLI). After testing the 

measurement invariance of the model, the model fit indices for each level, along with results 

(i.e., the numerical values of factor loadings and intercepts), are generally reported in a table 

(Putnick & Bornstein, 2016; van de Schoot et al., 2012).  

2.5 Does the Structure of the TTCT-F Hold Across Ethnicities and Gender? 

The TTCT-F has been generally thought to measure creative thinking in the same way across 

gender (Kim 2006; Torrance, 1977) and ethnic groups (Cramond, 1993; Torrance & Torrance, 

1972). Despite the importance of establishing the fairness of the TTCT-F across ethnicities in 

order to ensure equal representation in gifted identification (Kim et al., 2006; Lee et al., 2024), 

no single study exists which investigated whether the factor structure of the TTCT-F holds 

invariantly across over- and under-represented ethnicities. This might be due to limited access to 

sociodemographic data when scoring the TTCT-F, given that the testing company that scores the 

test does not collect private information, or probably due to the difficulty of collecting a 

sufficiently large number of TTCT-F responses from various ethnic groups.  
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On the other hand, prior studies were likely to report that the latent structure of the TTCT-

F was invariant across genders (Krumm et al., 2014, 2016; Wu et al., 2025) but not across grades 

or ages (Kim et al., 2006), suggesting that more careful interpretation may be needed when 

comparing the TTCT-F scores from different age groups. Even among the studies which revealed 

that the TTCT-F was fair in terms of gender (Kim et al., 2007; Krumm et al., 2014, 2016; Wu et 

al., 2025), two studies have identified that there were significant mean differences in Innovative 

or Adaptive factors and some of the scales (Fluency, Originality, or Elaboration) between boys 

and girls, where girls’ scores for these scales were consistently higher than boys (Krumm et al., 

2014; Wu et al., 2025). This might suggest that there is a gender discrepancy on the TTCT-F 

scales, indicating that the expression of creative thinking could vary by gender, particularly in 

younger populations. Combining insights from the studies on ethnicity and gender related to the 

TTCT-F structures, it is necessary to investigate the structures of the TTCT-F across under- and

over-represented ethnicities as well as genders.   
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CHAPTER 3 

METHODOLOGY 

 

3.1 Goals of Current Study 

This study examines the factor structure of the TTCT-F scales: Fluency, Originality, Elaboration, 

Abstractness of Titles (AT), and Resistance to Premature Closure (RPC), and then investigates 

measurement invariance across ethnicities (White/European American and Asian students 

together as those who are over-represented in U.S. gifted and talented programs; and 

Black/African American and Hispanic/Latinx students as those who are under-represented) and 

genders (boys, girls). Specifically, we explored (a) four theoretically plausible models, including 

three different two-factor models and a one-factor model through Confirmatory Factor Analysis 

(CFA), and (b) the measurement invariance across under- and over-represented ethnicities as 

well as genders (boys and girls) by conducting Multigroup CFA. 

In the present investigation, we addressed the following research questions: 

Research Question 1: Which model is the best-fit for the entire sample composed of U.S. 

elementary students among the three different two-factor models and one-factor model?

Research Question 2: Does the factor structure of the TTCT-F scales hold invariantly 

across under- and over-represented ethnicities as well as across boys and girls?  

3.2 Participants 

 This study was a part of a larger federally funded project which aimed to develop and validate 

cost-effective creativity assessments utilizing automated scoring methods. 379 elementary school 
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students from grades 3, 4, and 5 in the U.S. (Mage = 9.33, SD = 0.97) participated in this study. 

The sample was composed of 137 (36.1%) third grade, 130 (34.3%) fourth grade, and 112 

(29.6%) fifth grade students. Of the total sample, there were 178 (47.0%) male and 201 (53.0%) 

female students. With respect to race and ethnicity, 125 (33.0%) were Hispanic or Latinx; 112 

(29.6%) Black or African American; 68 (17.9%) Asian; 60 (15.8%) White or European 

American; 8 (2.1%) Multi-ethnic identities; and 3 (0.8%) American Indian or Alaska Native 

identity. Moreover, 131 (34.6%) were English Language Learners (ELLs), 49 (12.9%) receiving 

special education (SPED) services; and 60 (15.8%) identified as gifted and talented (GT). 

3.3 Focal Measure: TTCT-F 

The TTCT-F form A (Torrance, 1998/2017), which is composed of three activities, was 

administered in this study. The first activity, Picture Construction, required augmenting an 

abstract shape and titling the resulting drawing. The second activity, Picture Completion, 

consisted of ten incomplete figures and instructed participants to add additional detail in order to 

compose a drawing around those figures, and students also provided a title for their drawing. The 

third activity, Lines, required completing a drawing using the same pair of parallel lines as many 

times as possible as well as adding titles for each drawing (Torrance, 1966, 1974, 1990). 

Students were given 10 minutes per activity to both draw and title their drawings. Across these 

three activities, the TTCT-F quantifies creative thinking through five norm-referenced scores 

which are each explained below.  

Fluency   

Because all participants received the same amount of time on each task, Fluency was 

operationalized as the quantity of ideas posited during that time. If participants conveyed an idea 

through drawing using the provided figures in activity 2 and 3, they received 1 point for each 
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drawing. However, duplicates, unrecognizable, and abstract doodles were not counted toward 

fluency, resulting in 0 points. In the TTCT-F scoring procedure, fluency is scored first before the 

other dimensions, and drawings are only scored for the other dimensions if they counted toward 

the fluency score. Fluency was scored on activity 2 and 3 but not on activity 1 because there was 

only one item in this activity and therefore multiple ideas are not possible.  

Originality 

Originality indicates the number of unusual ideas, focusing on how the provided figures 

are used in each response. Originality was scored based on the zero-originality list for each 

activity which functioned as criteria for judging originality of the idea. The responses listed in 

the zero-originality list received 0 points, and those not listed were scored 1. Additionally, bonus 

points were granted when their drawing contained two or more figures across the items. 

Originality was scored for all the activities, but bonus originality scores were granted just for 

activity 2 and 3.  

Resistance to Premature Closure (RPC) 

RPC measured the ability to delay closing the parallel lines in activity 2, implying how 

open-minded or curious they were. 0 points were awarded if the incomplete figure in each item 

was entirely closed or used as the response itself. 2 points were granted if the figure was never 

closed or closed incidentally to convey an idea. If the level of closure was somewhat between 

entirely closed and opened, they received 1 point following the scoring guidelines. RPC was only 

scored for activity 2. 

Elaboration 

Elaboration represents how many details were added to the basic idea expressed in the 

drawing. Additional ideas were counted by the number of shadings, decorations, etc. and 
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elaboration was scored on an interval scale ranging from 0 to 6 depending on how many details 

the responses had. All three activities were scored for Elaboration.  

Abstractness of the Titles (AT) 

AT is defined as making a title which goes beyond the obvious description of the idea in 

the drawing (Torrance et al., 1992). This represents finding and communicating the essential 

story in the drawing. AT was scored for activity 1 and 2 on a scale ranging from 0 to 3, 

according to the level of abstractness and imaginativeness. 

3.4 Data Collection Procedures  

TTCT-F Form A (Torrance, 1998) was given in groups (less than 20 children in each group) 

following the administration guidelines. The groups were formed depending on the timing of 

parental consent. Before conducting the study, we also obtained the participants’ verbal assent.

There were a few exceptions where some participants took the TTCT-F on another day, 

depending on what their school schedule required. Students received a toy gift as compensation 

for their participation. The data was collected during normal school hours from six different 

branches of the same public-school network located in the Southcentral region of the United 

States. The TTCT response booklets were sent to Scholastic Testing Service to obtain scores 

from a certified TTCT-F rater. Concerning the rater reliability for the TTCT-F, the Pearson 

correlation coefficients (r) for scoring Fluency fell between 0.96 and 0.99, and for scoring 

Originality, RPC, and Elaboration, they ranged from 0.90 to 0.99 on average, suggesting a high 

level of reliability (Torrance, 1966/2017).    

3.5 Data Analysis Overview 

Bivariate correlations between the TTCT scores were assessed to investigate how and to what 

extent they were related. Then, CFA was conducted for the entire sample to test which model 
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was the best-fit among the theoretically plausible two-factor models as well as a one-factor 

model of the TTCT-F scores. Then, multigroup CFA was conducted to compare the factor 

structure of the TTCT-F across ethnicities (under- and over-represented in U.S. gifted and 

talented programs) and gender (boys and girls) with the best-fitting model.  
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CHAPTER 4 

RESULTS AND ANALYSIS 

 

4.1 Bivariate Correlations Among TTCT Scales  

Correlations were calculated to analyze the relations among the TTCT-F scales.  Bivariate 

correlations are reported in Table 1. Notably, Fluency and Originality were highly correlated (r =

.77, p < .01), indicating that those participants who generated a large number of ideas also 

produced more original ideas (sometimes referred to as a fluency confound; Forthmann et al., 

2020; Hocevar, 1979). Fluency showed a moderate positive correlation with RPC (r = .58, p < 

.01), and a small correlation with Elaboration (r = .28, p < .01). Interestingly, Fluency showed 

the least positive association with AT (r = .10, p < .05). Originality was moderately correlated 

with RPC (r = .57, p < .01) and Elaboration (r = .37, p < .01), while showing a weaker positive 

correlation with AT (r = .10, p < .05). Elaboration was moderately associated with AT (r = .48, p 

< .01) and RPC (r = .32, p < .01). AT showed a small positive correlation with RPC (r = .28, p < 

.01). What stood out in the correlation table was that AT showed a relatively weaker correlation 

with the other scores except Elaboration. Also, Elaboration showed the strongest positive 

association with AT while being less strongly correlated with the other scores. This pattern 

demonstrates a close relationship between Fluency and Originality, just as AT and Elaboration 

are tightly intertwined. With these findings in mind, we carried out CFA. 
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4.2 Fitting CFA Models to All Student Data  

Model Configuration 

Four theoretically plausible and empirically supported two-factor models and the one-factor 

model were fit to the data from all participants. The compared models were: (a) Model 1- One-

factor model; (b) Model 2- Innovative (Fluency, Originality, RPC) and Adaptive (Elaboration, 

RPC, AT); (c) Model 3- Innovative (Fluency, Originality, RPC) and Adaptive (Elaboration, AT);

and (d) Model 4- Innovative (Fluency, Originality) and Adaptive (RPC, Elaboration, AT) (See 

Fig. 1). 

 CFA was carried out for the entire sample using Mplus 8.8 software to test which model 

was the best-fit among the four different factor models of the TTCT scales. As the skewness and 

kurtosis values for these scales were all within the range of normal distribution (See Table 2), 

maximum likelihood estimation was utilized for producing fit indices and model parameters. The 

variance of the Innovative and Adaptive factors was set to 1 for model identification and 

standardization. To determine the best-fitting model for the whole sample, the χ2 test and fit 

indices were used. The fit indexes used for the CFA were the comparative fit index (CFI), the 

Tucker-Lewis Index (TLI), root mean square error of approximation (RMSEA), and standardized 

root mean square residual (SRMR). The cutoff criteria for indicating a good model-data fit were 

a value of .90 or above for CFI and TLI, .08 as an upper boundary for RMSEA, and .10 or less 

for SRMR (Cordon & Finney, 2008; Vandenberg & Lance, 2000). The holistic approach was 

adopted by combining fit indices, measurement invariance testing, and theoretical justifications, 

instead of solely depending on the cutoff criteria (Chen, 2007). 

Modification indices were used to check if additional parameters were needed in the 

model in order to substantially improve model-data-fit. These modification indices suggested the 
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need to correlate some item error variances in Models 2, 3, and 4: the error covariances between 

Fluency and AT as well as between Originality and Elaboration. Adding the path of residual 

covariance between Fluency and AT was also justified by the well-established finding about a 

trade-off between idea quantity and quality in the field of creativity research (Forthmann et al., 

2018), given that producing many drawings might have negatively influenced creating reflective 

titles in the limited time. The residuals of Originality and Elaboration were also allowed to 

covary in each of the models, which we believed made theoretical sense given the way that the 

scoring procedures for Elaboration may also have identified aspects of drawings that made them 

more Original.  

Comparison of Model Fit 

To determine which model obtained the best-fit, the χ2 test and other fit indices were 

compared. The Chi-square values and fit indices for the models are provided in Table 4. Model 1 

(One-factor) demonstrated a significant Chi-square value, χ2 (5) = 107.20, p < .001, CFI and TLI 

values less than .90, and RMSEA value greater than .08, suggesting a poor-fit. The fit indices 

indicated that Model 2 consisting of Innovative (Fluency, Originality, and RPC) and Adaptive 

(RPC, Elaboration, and AT) with the residual covariances was the best-fitting model among the 

four. The Chi-square value of Model 2 was not significant, χ2(1) = .04, p > .05, and the fit indices 

were very good, as shown by the fact that the CFI and TLI were above .95, and RMSEA and 

SRMR were less than .05. In Model 2, the residual covariances of Fluency and AT as well as 

Originality and Elaboration were added. Although Model 3 with the residual covariances showed 

a significant Chi-Square value of 6.02 (df = 2, p < .01), it was necessary to pair with other fit 

indices given that Chi-Square value is sensitive to large sample size (Meade et al., 2008). 

Overall, the fit indices for Model 3 (CFI = .99, TLI = .97, RMSEA = .07, SRMR = .02) indicated 
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an acceptable fit. Model 4 showed a poor fit even with the residual covariances added, as shown 

by a significantly greater Chi-square value, χ2(2) = 58.50, p < .001, with the CFI and TLI below 

acceptable ranges and the RMSEA far above .08.  

To determine whether Model 2 was more optimal than Model 3 since they both achieved 

acceptable fit, a Chi-square difference test was carried out to compare the model fit of Model 2 

and 3. As a result, Model 2 showed a significantly better fit than Model 3, Δχ2(1) = 5.98, p < .05.

Model 2 also demonstrated better CFI (>.99), TLI (>.99), and RMSEA (<.001), indicating a 

superior fit in comparison to Model 3. Besides, considering that the previous meta-CFA studies 

identified Models 2 and 4 as the competitive models, rather than Model 3 (Acar et al., 2023; 

Said-Metwaly et al., 2018), the fit Model 3 may be less likely to replicate in other datasets. 

Taking this evidence together, Model 2 was identified as optimal in our analysis.  

Interpreting Model Coefficients  

The standardized path coefficients in the CFA model were examined to compare the 

strength of the relations between the latent constructs and the indicator variables (see Figure 2). 

Innovative and Adaptive factors showed a moderately strong latent correlation (r = .41, p < .01), 

indicating a positive relationship while still being separable. Concerning the Innovative factor,

Fluency loaded onto the factor with the highest coefficient (β = .89, p < .01), Originality the 

second highest (β = .87, p < .01), and RPC the lowest (β = .57, p < .01). Interestingly, RPC 

relatively weakly cross-loaded onto the Adaptive factor (β = .20, p < .01) in this study, while 

RPC tended to load onto the Adaptive factor higher than onto Innovative in prior studies 

(Krumm et al., 2014; Said-Metwaly et al., 2018). Adaptive was strongly loaded onto by 

Elaboration (β = .75, p < .01), and AT (β = .64, p < .01), suggesting that these indicators 

represent the Adaptive factor.  
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The residual correlations were as follows: Fluency with AT (r = ‒.36, p <. 001), 

Originality with Elaboration (r = .29, p < .01). These factor coefficients indicated that there may 

be a negative association between Fluency and AT and a positive association between 

Originality and Elaboration after accounting for the shared variance explained by the two latent 

factors.  

Reliability Coefficients of the Innovative-Adaptive Model 

McDonald’s ω (McDonald, 1970, 1999) and Coefficient Η (Hancock & Mueller, 2001) 

were computed for the two latent factors (Innovative and Adaptive) to assess the internal 

reliability of the best-fitting Innovative-Adaptive model (Model 2). Cronbach’s α has been the 

default estimate of internal consistency in psychology literature for many decades (Hogan et al., 

2000). However, the α coefficient assumes tau-equivalence, which means that the standardized 

factor loadings for all items are equal and therefore is inappropriate in cases when the item 

loadings differ (Crutzen & Peters, 2017; Yang & Green, 2011). In addition, the best-fitting two-

factor model did not meet the assumptions of Cronbach’s α, specifically no cross loadings across 

factors and uncorrelated errors (McNeish, 2018), which led us to use alternative methods. 

Accordingly, ω and Η coefficients, which do not have such strict assumptions were employed to 

obtain more accurate estimates of internal reliability. McDonald’s Omega Total and Coefficient 

Η were calculated using McNeish (2018)’s reliability excel sheet. The reliability coefficients for

the Innovative factor were notably higher (ω = 0.84; Η = 0 .87) than those observed for the 

Adaptive factor (ω = 0.61; Η = 0.66). Internal consistency was acceptable for the Innovative 

factor with both reliability coefficients exceeding 0.70, while the Adaptive factor barely passed 

or failed to meet the threshold criteria (Cohen & Swerdlik, 2018). These findings align with prior
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work which reported the lower reliability estimates for the Adaptive factor compared to 

the Innovative factor (Acar, 2023; Acar et al., 2024).         

4.3 Multi-Group CFA Models for Measurement Invariance  

Based on the best fit model (Model 2) we identified, Multigroup CFA was conducted to compare 

the factor structure of the TTCT-F across ethnicities (under-represented, over-represented in U.S. 

gifted and talented programs) and genders (boys, girls). 

Under- and Over-represented Ethnicities 

Because the sample size within each ethnicity (i.e., African-American/Black, Asian, 

Hispanic, European-American/White, American Indian, and Multi-Ethnic) was not large enough 

to accommodate a full comparison of the measurement parameters across each individual group, 

they were combined in theoretically and practically-informed ways to accomplish this analysis. 

Specifically, the Hispanic and African-American/Black students were combined into the group 

Under-represented, because of their under-representation in U.S. gifted and talented programs. 

White and Asian students were also combined into the group Over-represented, because of their 

over-representation in U.S. gifted and talented programs (Erwin & Worrell, 2012; Lee et al., 

2024; Peters et al., 2019; Yoon & Gentry, 2009).  

In order to assess the measurement invariance of the Innovative-Adaptive model, we 

started by fitting a configurally invariant multigroup CFA model, in which the same two-factor 

configuration was present across the groups but no other parameters were constrained to be 

equal. Then, the loadings in that multigroup model were constrained to be equal, resulting in a 

metric invariance model. Third, the item intercepts were constrained to be equal across the 

groups, resulting in a scalar invariance model. Comparison of fit indices across these models 
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allowed for inferences about the invariance of the Innovative-Adaptive model across over- and 

under-represented groups (Cordon & Finney, 2008; Rodriguez & Shaffer, 2020) 

The multigroup CFA showed that measurement invariance was established at configural, 

metric, and scalar levels across over- and under-represented ethnic groups (see Table 5), which 

implies that the Innovative-Adaptive model functioned in a similar way across the different

ethnicity groups. In step 1, configural invariance was tested by fitting without any equality 

constraints. This model demonstrated a non-significant Chi-square value, χ2(2) = 1.00, p > .05, 

CFI and TLI values greater than .90, and RMSEA value almost near zero, indicating an excellent 

fit. The good fit suggested that the overall factor configuration held across groups. In step 2, 

metric invariance was assessed by placing equality constraints on the factor loadings. Metric 

invariance was supported, as indicated by the fit indices in Table 5. Though there was a 

noticeable increase in RMSEA from the configural model (ΔRMSEA = .052), RMSEA was still 

acceptable (RMSEA = .052). Thus, the metric model did not practically worsen the fit statistics 

than the configural model, suggesting that Innovative and Adaptive factors were indicated 

similarly by the scales across the under- and over-represented ethnic groups. In step 3, scalar 

invariance was tested by constraining the intercepts to be equal across these groups. Also, scalar 

invariance was established as represented by the fit indices in Table 5. There were only slight 

changes in CFI, TLI, RMSEA, and SRMR from the metric to scalar model, suggesting that 

adding the constraints to the intercepts did not significantly worsen the model fit. This means 

that group mean differences in the scales are consistent with group mean differences in latent 

Innovative and Adaptive factors. As scalar invariance was achieved, comparing mean differences 

of the TTCT scales between the under- and overrepresented ethnicities would be considered 

valid.    
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Gender 

Multigroup CFA across gender was carried out following the same procedures as with 

ethnicity above. However, in the case of Gender, the configurally invariant model failed to 

converge. We attempted many changes to estimation settings in Mplus, including constraining 

the residual variance-covariance matrix to be positive, removing outliers from the data, and 

increasing the number of model iterations, but none of these strategies were able to make the 

configurally invariant model converge. This failure to converge suggests that the latent structure 

of the TTCT-F implied by the Innovative-Adaptive model did not hold across both boys and girls 

in this dataset, and therefore the multigroup model was not able to be fit. In order to more fully 

examine this finding, we first closely investigated the differences in the inter-correlations among 

the TTCT scales across genders below and then conducted Exploratory Factor Analysis (EFA) 

for boys and girls separately.  

4.4 Delving into Bivariate Correlation Across Gender   

To further investigate how the scores were similarly or differently correlated in boys and girls, a 

Fisher’s Z-test was used to examine if there were significant differences between the correlation 

coefficients across those groups. Table 3 presents bivariate correlations across genders. Notably, 

the correlation between Fluency and Originality was significantly larger in girls (r = .86, p < 

.001) than in boys (r = .68, p < .001): z = ‒4.45, p < .001. These findings suggest that producing 

more ideas very consistently led to greater originality for girls, while boys did not consistently 

show increased originality despite generating many ideas.  

On the other hand, Fluency and AT showed a significantly weaker positive correlation in 

girls (r < .01, p = .997) than in boys (r = .23, p < .001), z = 2.24, p < .05, indicating that there 

was a relatively weak but positive association between these variables for boys, while no 
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relationship was found for girls. These correlations suggest that girls may be capable of 

generating abstract and imaginative titles without being influenced by the number of ideas, 

whereas boys may tend to create more abstract titles when they have more ideas. As seen by 

Table 2, boys also demonstrated a descriptively stronger relationship between AT and 

Originality, Elaboration, and RPC when compared to girls, but these differences were not 

statistically significant.  

4.5 EFA by Gender   

To identify the latent structure of the TTCT-F scales for boys and girls, a separate EFA was 

conducted for each gender group. The correlation matrices were analyzed with the estimation 

method of Maximum Likelihood (ML) and Promax rotation, based on the assumption of 

continuous data (Fabrigar et al., 1999) and potentially correlated latent factors (Costello & 

Osborne, 2005). The skewness and kurtosis values of the TTCT-F scales were within the range 

of normal distribution for both boys and girls (skewness and kurtosis between ‒1 and +1), 

supporting the use of the ML estimation. The use of Promax rotation was further justified by the 

presence of the positive correlation between the Innovative and Adaptive factors (r = .41, p 

< .001) in the best-fitting model (Model 2) for the entire sample. As suggested by EFA research 

practice (Thompson & Daniel, 1996), multiple criteria approaches were used in our analysis.

Accordingly, we carried out parallel analysis in R version 4.3.0 using the psych package 

(Revelle, 2020), whose eigen values were extracted from the EFA run in Mplus 8.8. 

For boys, the eigenvalues were 2.85 for the 1st factor and 0.97 for the 2nd factor, 

indicating only 1 factor exceeded Kaiser’s criterion (eigen value > 1.0), and the observed 

eigenvalue for only 1 factor exceeded the 95th percentile of eigenvalues derived from the parallel 

samples but not 2 factors in parallel analysis. However, the two-factor model showed the better 
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fit than the one-factor model (Δχ2 = 38.52, p < .001), and an excellent absolute fit [χ2 (1) = 0.17,

p = .68, RMSEA < .001]. These conflicting results may arise as parallel analysis tends to 

underestimate factors when their correlations are high and the first factor is large (Hayton et al., 

2004; Turner, 1998), and therefore we retained the two-factor solution. For girls, the eigen values 

were 2.50 for the 1st factor, and 1.33 for the 2nd factor, which are both above Kaiser’s criterion

(eigen value > 1.0). Parallel analysis results also indicated that the original eigenvalues of the 1st 

factor and the 2nd factor exceeded the 95th percentile of eigenvalues derived from the parallel 

samples (see Figure 4). The two-factor model—with Fluency, Originality, and RPC loading 

more strongly on the Innovative factor, and Elaboration and AT on the Adaptive factor (See 

Table 6)— was significantly better than the one factor model for girls (Δχ2 = 70.83, p < .001), 

and suggested an excellent absolute fit [χ2 (1) = .98, p = .32, RMSEA < .001]. Overall, all the 

EFA analysis results for girls supported the two-factor structure. 

In the EFA, boys exhibited stronger factor correlation (r = .54, p < .001) than girls (r =

.31, p < .001), supporting greater interdependence between these latent traits for girls. Relatedly, 

RPC appeared to strongly load onto the Innovative factor (λ = .55) and weakly cross-load onto 

the Adaptive factor (λ = .30) in boys, whereas loading primarily onto the Innovative factor (λ =

.55) but negligible loading on the Adaptive factor (λ = .11) in girls. Taken together, these results 

suggest Innovative and Adaptive latent traits tend to be more distinct in girls than in boys.

Notably, a Heywood case (a negative residual variance of Fluency) was found in the girls’

model, suggesting the instability of the Innovative-Adaptive model while Fluency served as a 

singular distinguishing feature. These findings also align with the Multigroup CFA results, where 

the Innovative-Adaptive model did not hold across both genders.   
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

 

In this Discussion, we begin with Key Findings from the empirical investigation, before 

moving to Practical Implications for Gifted Identification, and then positing Future Directions in 

this line of work.  

5.1 Key Findings 

An Innovative-Adaptive Two-Factor Model Was the Best Fitting Model 

The Innovative-Adaptive two-factor model with a cross-loading for RPC (Model 2), was the best 

fitting to the overall sample of elementary student TTCT-F responses. Our findings with the 

overall sample are therefore entirely aligned with past empirical work that established the 

Innovative-Adaptive two-factor model of the TTCT scales (i.e., Kim et al., 2006), which 

revealed that the latent structure of creative thinking was most accurately represented by the two-

factor model with a cross loading for RPC. This model suggests that keeping open-minded and 

delaying judgment (i.e., RPC) might be a foundational psychological attribute for producing 

multiple original ideas quickly (i.e., Innovative factor) as well as adding details and giving 

imaginative but relevant titles to each drawing (i.e., Adaptive factor) in elementary students. 

Given that the Innovative-Adaptive two-factor model showed a considerably better fit compared 

to the one factor model, the TTCT-F might provide richer information about students’ creative 

strengths and areas needing improvement if the scores are interpreted based on these Innovative 

and Adaptive constructs, rather than a single overall score, as might be used in school-based 
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practice. For instance, an elementary student might be relatively proficient in quickly coming up 

with novel ideas (Innovative factor) yet need to work on refining those ideas with additional 

details and distinctive titles (Adaptive factor): nuance that would be lost if a single overall score 

were used. 

In contrast to previous studies, residual covariances between Fluency and AT as well as 

Originality and Elaboration were needed to make the model fit for the entire sample in this study. 

The negative residual correlation between Fluency and AT might imply that, after the variance 

for the latent Innovative and Adaptive factors is accounted for, these two scales might show a 

trade-off. Existing work on a trade-off between quantity and quality of ideas has been fruitful in 

creativity research (Forthmann et al., 2020; Gonthier & Besançon, 2024), and perhaps this line of 

inquiry could benefit from a closer look at the TTCT-F in the future, especially because quantity-

quality relations in creativity could be different in samples of children than they are in adults. In

addition, the positive residual correlation between Originality and Elaboration represents that the 

scoring procedures for Elaboration might also tap cognitive process involved in Originality. For 

instance, the students might need to add details to their drawings in order to effectively 

communicate an unusual or unconventional idea to the judges. This relation was not clearly 

explored or understood in earlier TTCT-F factor structure studies, making it interesting for future 

investigation.  

Notably, the reliability coefficients were higher in the Innovative factor (ω = 0.84; Η = 

0.87) than in the Adaptive factor (ω = 0.61; Η = 0.66). Although the Innovative factor showed 

acceptable internal consistency, the Adaptive factor appeared to be less reliable. These findings 

align with previous work that confirmed the acceptable reliability estimates for the Innovative 
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factor, but not for the Adaptive factor (Acar, 2023; Acar et al., 2024). Therefore, caution should 

be needed to interpret elementary students’ scores based on the Adaptive factor. 

The Two-Factor Model was Invariant Across Under- and Over-represented Ethnicities 

 The Innovative-Adaptive two-factor structure of creative thinking in the TTCT-F held 

invariantly across under- and over-represented ethnicities. These results show that the TTCT-F 

scales appear to be accurately characterized by the Innovative-Adaptive two-factor structure, and 

this latent structure is consistently represented across both under- and over-represented ethnic 

groups. More practically, it means that scores on the Innovative or Adaptive factors of the 

TTCT-F could be interpreted the same way—and therefore compared directly— across these 

ethnic groups. So, based on these results, utilizing the two latent mean scores of Innovative and 

Adaptive factors for gifted identification, or for understanding creative strengths and 

weaknesses, might not be biased against under-represented ethnicities such as Black/African 

American and Hispanic/Latinx students. This finding is in line with Torrance and his colleagues’

arguments (Cramond, 1994; Torrance, 1971) which emphasized the fairness of the TTCT-F 

across ethnicities in terms of equal representation in gifted and talented services. It also adds 

nuance to the equity benefits of the TTCT-F by highlighting the importance of using the 

Innovative-Adaptive two-factor scores in educational settings.   

The Two Factor Model was Not Invariant Across Genders  

Interestingly, our findings did not align with earlier empirical work which revealed that 

the two-factor structure of the TTCT-F across genders was invariant (Kim et al., 2006; Krumm et 

al., 2014; 2016). A significantly weaker correlation between Fluency and Originality in boys 

compared to girls implied that generating many ideas may not be as effective in ensuring high 

idea quality for boys as it does for girls. Put another way, it might be that the quantity of boys’
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ideas showed more of a trade-off with the originality of those ideas. This finding suggests that 

elementary students of different genders might use different cognitive or metacognitive strategies 

when engaging with creative thinking assessments. Considering that the detailed instructions for 

each activity spanned from 5 to 8 lines, which appear to be possibly too long and wordy for 

younger students, it might be hypothesized that boys may have been less attentive to the 

instructions and prioritized completing more items, therefore producing a more discernible trade-

off between quantity and quality of ideas. On the other hand, we might hypothesize that girls 

perhaps followed the directions more carefully and therefore were still able to produce original 

and interesting ideas while coming up with multiple ideas. These hypotheses align with existing 

sustained attention studies which have shown that boys tend to aim to be as fast as possible 

whereas girls tend to focus more on avoiding errors (Efrat & Orna, 2022; Venker et al., 2007).

In addition, a significantly larger correlation between Fluency and AT in boys than in girls was a 

new finding in studies of the TTCT. In particular, the zero correlation between these scales in

girls suggests that creating imaginative and meaningful titles is an entirely discrete capability 

from generating many ideas, at least when there is a time-constraint. However, a positive 

correlation between Fluency and AT in boys implies that boys might be more capable of making 

abstract titles when they also have more ideas. This could possibly be due to boys’ higher risk-

taking tendency compared to girls on average (Harris & Jenkins, 2023), which might explain 

why boys are more willing to share the abstract titles of their drawings, as they appear less 

concerned about facing criticism, whereas girls might be more reluctant on average and worried 

about negative outcomes. Taken together, the Innovative-Adaptive two-factor model does not 

appear to ensure the invariance of the TTCT-F factors across genders in elementary students.  
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The Innovative and Adaptive Factors were Closely Related in Boys but Separable in Girls 

Our EFA results (see Table 6) revealed that the Innovative and Adaptive latent traits tend 

to be more distinct in girls, implying that the quick generation of original ideas was a separable 

ability from deep and detailed thinking in girls, but these abilities were more interconnected with 

one another in boys. Relatedly, the factor cross-loadings of RPC on the Innovative and Adaptive 

factors differed by gender, suggesting RPC played a meaningful role in the Adaptive factor for 

boys but showed minimal cross-loading for girls. The tendency to remain open-minded and delay 

judgment (i.e., RPC) might be a key attribute that distinguishes the underlying mechanism of 

creative thinking in girls from those in boys. Moreover, given that EFA results for boys revealed 

the inconsistent factor structure solution, and the Heywood case of Fluency in the girls’ EFA, the 

two-factor model might not fully represent the latent structure of creative thinking reflecting 

these gender differences in elementary school populations. With a larger sample, it may be 

possible to uncover a gender-specific model through separate EFA.  

5.2 Practical Implications for Gifted Identification 

Although the TTCT-F has been generally believed to provide equal affordances to students of 

diverse ethnicities and genders (Cramond et al., 2005; Kim, 2006; Lee et al., 2024), the way in 

which this test should be utilized for proportional representation in gifted identification remains 

uncertain. Relatedly, our findings can give practical guidance for gifted administrators or school 

psychologists who implement the TTCT-F in order to assess the creative thinking of elementary 

school students from different ethnicities and genders for academic purposes. First, the 

Innovative-Adaptive two-factor scores seem to accurately represent the domain-general 

creativity of elementary students from diverse backgrounds, and therefore, it is recommended 

that we shift towards using two-factor scores for gifted identification, rather than sticking with 
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the single overall score that has been the typical practice. Torrance’s suggestion was to not 

entirely rely on a singular score on the TTCT, as it might fail to capture essential educational 

information (Torrance, 1966, 1974). Thus, gifted administrators should consider focusing on 

how to use the two-factor scores in more informed ways. For instance, a student who 

demonstrates high potential in producing multiple original ideas (i.e., high on Innovative) but 

who is relatively weaker on the elaboration of ideas and creation of imaginative titles (i.e. 

relatively low on Adaptive), or vice versa, might still be considered for gifted identification. 

Furthermore, the Innovative-Adaptive two-factor scores could deliver detailed information to 

support gifted students’ individualized learning for developing creative ideas in school settings.

Even after the gifted identification process is completed, gifted educators might interpret these 

scores in a way that could provide information about students’ creative strengths and areas 

needing improvement (Cramond, 1994; Torrance, 1974).  

Another practical implication is that the application of the Innovative-Adaptive two-

factor scores appears to facilitate the proportional representation of the ethnicities that are under-

represented in U.S. gifted and talented programs, through invariant psychometric properties. 

Given that the simple addition of the TTCT-F in the identification process did not guarantee 

equal representation of ethnicities in recent work (i.e., Lee et al., 2024), using the two-factor 

scores might give more access to gifted and talented services for Black/African American and 

Hispanic/Latinx students. However, before applying the Innovative-Adaptive two-factor model 

for gifted identification, it is important to carefully examine and consider how creative thinking 

is exhibited differently by elementary students of different genders. Therefore, gifted 

administrators and educators should be aware of this and be flexible in their interpretation of the 

TTCT-F results when evaluating boys and girls together. This study did not show measurement 
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invariance of the Innovative-Adaptive factors across genders, and specifically the model was not 

able to be fit to girls’ responses. This finding calls into question whether the Innovative-Adaptive 

scoring model can be validly applied to girls’ responses to the TTCT-F and suggests a need for 

future work specifically with girls’ data, in order to improve their measurement.  

5.3 Limitations and Future Directions 

Recruiting more diverse samples is one important mission in the field of educational psychology 

research in order to better understand the underlying mechanisms which manifest across different 

cultures and contexts (Matthews & López, 2020). Future work can extend our study, which 

relied on demographic details provided by schools, to include increasingly disaggregated 

categories of ethnicities (e.g., different subgroups within the Asian category, such as Chinese, 

Koreans, and Indians), socioeconomic status, and disability status, which were not part of our 

analysis because the demographic details provided by the schools, and the sample size, were not 

sufficient for this purpose. Future research could replicate the current CFA and multigroup CFAs 

across a broader range of these demographic subgroups. Furthermore, the intersectionality of the 

demographic variables (e.g., Hispanic girls, Black males) was unable to be examined in this 

study, as the limited sample size did not allow for a multigroup CFA among the specific 

intersecting groups. The results might have been different, had we been able to consider the 

disaggregated categories of race/ethnicities or the intersectionality of the ethnicities and genders.

Another potential limitation is that the Checklist of Creative Strengths scale was not 

included in this study, because this scale is based on the 13 criterion-referenced measures and 

uses different scoring methods (Kim et al., 2006). Qualitative studies (e.g., case studies, content 

analysis of TTCT responses) could also be conducted in the future to explore how creative 
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thinking is expressed differently across the Checklist of Creative Strengths scale among the 

different groups. 

Although our study revealed gender differences in the strength of the associations among 

the TTCT-F scales (e.g., larger positive correlation between Fluency and Originality in girls than 

in boys), we were not able to fully investigate the underlying psychological reasons behind these 

differences. Given that the TTCT-F Form A scores were obtained as a part of the larger federally 

funded project, we were incapable of conducting the follow-up studies that could closely 

examine intra-individual creative processes while engaging in the TTCT-F test. Previous 

interview studies with children clearly have been helpful in revealing the psychological 

processes behind their idea generation (e.g., Berthiaume et al., 2024), and therefore conducting 

interviews with these children might yield a deeper understanding of how students of different 

genders use cognitive and metacognitive strategies in a different way. Lastly, given that only the 

TTCT-F form A was employed in this study, the results might have been different if the form B 

had been used. To broaden our findings, replicating studies with the TTCT-F form B is essential, 

in order to determine whether our findings would hold across different TTCT stimuli.  

5.4 Conclusion 

In our TTCT-F dataset, which was obtained from 379 U.S. elementary students of diverse 

cultural backgrounds, the Innovative-Adaptive two-factor model did appear to be the best latent 

structure to explain the TTCT-F scales. Although this model did hold invariantly across over-

and under-represented ethnicities, it did not hold across genders. Our findings run counter to past 

empirical work where the two-factor model functioned similarly across boys and girls (Kim et 

al., 2016; Krumm et al., 2014, 2016). Differences in the way that creative thinking might 
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manifest across elementary students of different gender therefore requires additional research in 

order to be better understood. 
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Figure 1  

Theoretically Plausible Factor Models that were Fit  

         

                        Model 1                                                            Model 2                                 

 

                      Model 3                                                            Model 4 

Note. CT = Creative Thinking factor; Innov = Innovative factor; Adapt = Adaptive factor; F = Fluency; 

O = Originality; RPC = Resistance to Premature Closure; E = Elaboration; AT = Abstractness of Titles. 



 

61 

 

Figure 2  

The Best-fitting Model for the Entire Elementary Student Sample, with Standardized Coefficients   

 

Note. Innov = Innovative factor; Adapt = Adaptive factor; F = Fluency; O = Originality; RPC = 

Resistance to Premature Closure; E = Elaboration; AT = Abstractness of Titles. 
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Figure 3  

Parallel Analysis Results for Boys 
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Figure 4 

Parallel Analysis Results for Girls 
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