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A BRIEF MEASURE  

OF SELF-REPORTED COGNITIVE ABILITIES:  

ARE MALES AND FEMALES DIFFERENT? 

 
HANIF AKHTAR 

ELTE EÖTVÖS LORÁND UNIVERSITY, BUDAPEST, HUNGARY 

UNIVERSITY OF MUHAMMADIYAH MALANG, MALANG, INDONESIA  

 

SILFIASARI 
UNIVERSITY OF MUHAMMADIYAH MALANG, MALANG, INDONESIA 

Recent advances in cognitive abilities theory provided by the Cattell-Horn-Carroll (CHC) model 
have made it essential to develop a new validated brief self-report measure of cognitive abilities. This 
paper outlines the development and initial validation of the Self-Report Cognitive Abilities Questionnaire 
(SRCAQ), a brief measure designed to assess cognitive functioning in the ability areas of fluid reasoning, 
short-term working memory, long term storage and retrieval, comprehension knowledge, processing 
speed, visual processing. Participants were 896 university students from Indonesia. The series of analyses 
using exploratory and confirmatory factor analysis confirmed the 6-factor structure of the SRCAQ. It 
had adequate factorial validity and demonstrated invariance across sex. This study also confirmed sex 
differences in self-reported cognitive abilities, with males tending to rate their fluid reasoning and visual 
processing higher than females. In the case of resources being limited, SRCAQ can be an alternative to 
estimate individuals’ cognitive abilities. Limitations and suggestions for future research to expand the 
current study are presented. 

Keywords: CHC theory; Self-report cognitive ability; Sex differences; Fluid reasoning; Visual processing. 

Correspondence concerning this article should be addressed to Hanif Akhtar, Institute of Psychology, ELTE Eötvös Lo-

ránd University, Izabella Utca 46, 1064 Budapest, Hungary. Email: akhtar.hanif@ppk.elte.hu 

For more than 40 years, several studies have focused on the issue of self-estimated or self-reported 

cognitive ability (intelligence). Self-estimated cognitive ability refers to a person’s belief in their own abili-

ties and plays a significant role in one’s success in different areas of life (Chamorro-Premuzic & Furnham, 

2006). This is based on the assumption that people are typically expected to be able to estimate their ability 

to a fair degree (Mirjalili et al., 2011). This topic is attractive for many reasons: to understand the individual’s 

self-awareness and performance (Schlösser et al., 2013) and to understand individual differences that result 

in inaccuracies in assessing one’s own cognitive ability (Paulhus et al., 1998). This topic has received nume-

rous significant reviews (Szymanowicz & Furnham, 2013; von Stumm, 2014) and continues to attract many 

publications (Heck et al., 2018; Kaufman, 2012; Neto, 2019). It should be noted that most studies, including 

meta-analyses, find weak to moderate correlations between self-reported and performance-based cognitive 

abilities, with validity coefficients rarely reaching r = .30 (DeNisi & Shaw, 1977; Furnham, 2001; Paulhus, 

et al., 1998). Moreover, Herreen and Zajac (2018) found that personality was a stronger predictor of self-

estimated cognitive abilities than actual cognitive performance, raising questions about the utility of this tool 

as a subjective measure of cognitive ability. Hence, the use of self-reported cognitive abilities cannot replace 

the measure of performance-based cognitive abilities and is not recommended in a competitive context.   
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The earliest studies on this topic looked at sex differences in cognitive ability estimation. Over the last 

four decades, scientists in differential psychology have reported relatively consistent sex differences in self-

estimated cognitive ability. Specifically, males estimate their cognitive ability higher than females (for a review, 

see Furnham, 2001). This result has been replicated cross-culturally, according to a recent study comparing 12 

nations from four continents (von Stumm et al., 2009). This research topic has received much attention and has 

been replicated in a lot of different countries, such as Austria (Stieger et al., 2010), Korea (Kang & Furnham, 

2016), Brazil (Neto, 2019), Spain (Pérez et al., 2010), and Russia (Furnham & Shagabutdinova, 2012). A meta-

analysis study was also conducted by Syzmanowicz and Furnham (2011) to examine the magnitude of sex 

differences in self-estimates of general, spatial, mathematical/logical, and verbal abilities. They found that in 

all but verbal ability, males estimated their ability significantly higher than females, with the mean effect size 

d for general intelligence being .37, for spatial .43, for mathematical .44, and for verbal .07.  

Regarding the sex difference in self-reported intelligence (cognitive ability), Furnham and Grover 

(2020) summarized results from over 40 studies in this field and showed the following results: first, males 

of all ages tend to rate their intelligence more highly than females. These findings are consistent across 

cultures but vary depending on the type of intelligence being measured. For example, males rated their spatial 

and mathematical intelligence higher but their emotional intelligence lower than females. Second, people 

believe these sex differences occur across generations in one’s family. Third, males estimate their intelligence 

to be higher than their original intelligence quotients (IQs), while females estimate their intelligence to be 

lower than their original IQs. Furnham (2001) suggested that people view intelligence as “male normative” 

because intelligence is more associated with mathematical, logical, and spatial abilities in which men are 

believed to be superior. Therefore, there is an assumption that men are smarter than women in society. 

Although previous research reported relatively consistent sex differences in self-estimation of general 

intelligence, the difference between males and females in specific abilities is still unclear due to variation in the 

theoretical model of cognitive ability used. Most studies were conducted based on Gardner’s (1993) multiple 

intelligence (MI) theory (Furnham, 2009; Furnham & Shagabutdinova, 2012; Furnham & Thomas, 2004; Kang 

& Furnham, 2016; Visser et al., 2008). According to the MI theory, intelligence is not an autonomous or solitary 

object. MI theory argues that every normal individual should develop, to some extent, some forms of intelli-

gence (Gardner, 1993). Gardner (1999) recently defined intelligence as having eight forms: logical/ mathema-

tical, verbal/linguistic, visual/spatial, bodily/kinesthetic, musical, intrapersonal, interpersonal, and natural intel-

ligence. Individuals have different capacities and are not comparably identical in these abilities. This model of 

intelligence has been widely recognized in educational practice (Barrington, 2007). However, it has also been 

criticized due to a lack of empirical evidence and psychometrically valid measures (Waterhouse, 2010).  

The Cattell-Horn-Carroll (CHC) model, in contrast to MI theory, offers researchers a cognitive abi-

lity model that is psychometrically validated (McGrew, 2009; Newton & McGrew, 2010; Schneider & 

McGrew, 2018). As a result, using this theoretical model to examine the accuracy of self-reported cognitive 

abilities might be beneficial. The last model of CHC theory includes 18 broad cognitive abilities subsumed 

by narrower abilities (Schneider & McGrew, 2018). Contemporary intelligence testing is often interpreted 

within the framework of CHC theory, and it has a huge impact on test interpretation (Kaufman, 2009). Under 

the CHC theory, the primary focus of interpretation is now widely recommended to be on normative strengths 

and weaknesses of scores reflecting broad and narrow abilities (Schneider & McGrew, 2012). The CHC 

model was used to classify subtests from all major intelligence test batteries in the late 1990s (Alfonso et al., 

2005). Contemporary psychometric research has converged on the CHC model of cognitive abilities as the 

consensus working taxonomy of human cognitive abilities. Consequently, the current test developed to 

measure cognitive ability subscribes either explicitly or implicitly to CHC theory, including the self-reported 
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cognitive ability. Contemporary cognitive ability tests (e.g., Woodcock-Johnson IV, Schrank & Wendling, 

2018) measured at least seven broad abilities: fluid reasoning (Gf), short-term working memory (Gwm), long 

term storage and retrieval (Glr), comprehension knowledge (Gc), processing speed (Gs), visual processing 

(Gv), and auditory processing (Ga). 

Currently, research in the measurement of self-reported cognitive ability based on the CHC theory 

framework has been conducted by several researchers. For example, Jacobs and Roodenburg (2014) develo-

ped a Self-Report Measure of Cognitive Abilities (SRMCA) to indicate the level of cognitive functioning in 

three CHC broad ability areas: Gf, Gc, and Gv. The SRMCA has been re-examined and revealed adequate 

reliability for each subscale of SRMCA (α > .7) and convergent validity for the Gc domain but not for Gf or 

Gv (Herreen & Zajac, 2018). The other measures based on CHC theory were developed with more abilities 

involved (e.g., Fiorello et al., 2009; Waschbusch et al., 2000). Fiorello et al. (2009) developed a 37-item que-

stionnaire measuring eight broad abilities of the CHC theory, while Waschbusch et al. (2000) developed a 50-

item questionnaire measuring five broad abilities. However, both measures are not self-reported but others-

reported. In addition, none of the existing studies investigated the measurement invariance across.  

Two aspects of previous studies on this topic are worthy of attention and act as a motivation for the 

current study. First, currently, there is no brief measure that captures comprehensive self-reported cognitive 

abilities based on CHC theory. Existing measures, such as SRMCA (Jacobs & Roodenburg, 2014), only 

measure three broad abilities, while other measures (e.g., Fiorello et al., 2009; Waschbusch et al., 2000) are not 

self-report measures. A brief measure is essential for research since it allows for measuring multiple variables 

in a relatively short testing session and enables researchers to test more hypotheses (Gosling et al., 2003). Fur-

thermore, many studies have compared the scores of self-reported cognitive abilities between males and fema-

les, but no study has proved sex invariance of the measure. It should be noted that no group comparisons are 

meaningful if the measure does not function equivalently across groups (Van De Schoot et al., 2015). Thus, 

before making any sex comparisons, researchers must investigate the sex invariance of the measure. 

Second, most studies of self-reported cognitive abilities were conducted in Western countries, and 

only a small number of studies were conducted in Asia. Markus and Kitayama (1991) have suggested that 

people in Asia have different concepts of self-evaluation strategies and cognitive ability. Previous studies 

conducted in Japan and China have shown low-level self-estimates on all the types of intelligence rated, sup-

porting the idea that how people estimate their level of ability is influenced by culture (Furnham & Fukumoto, 

2008; Zhang & Gong, 2001). Currently, there is no study regarding sex differences in self-reported cognitive 

ability conducted in Indonesia. For years, Indonesia has been a male-dominated society, which may have 

influenced how Indonesian people perceive sex differences in cognitive abilities. Thus, replication of the study 

of sex differences in self-reported cognitive abilities in the Indonesian context is needed. 

 

 

CURRENT STUDY 

 

Given these considerations and previous studies on this topic, the goal of the current study is two-

fold. First, the current study aims to develop a Self-Report Cognitive Abilities Questionnaire (SRCAQ) for 

Indonesians based on the CHC theory framework. The initial 18 items were created to measure six broad 

abilities in the CHC theory framework (Gf, Gwm, Glr, Gv, Gc, and Gs). Those broad abilities were selected 

due to their central role in human cognition and are widely measured by contemporary cognitive ability tests. 

We used exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) to select the items, inve-

stigate and confirm the factor structure of the SRCAQ, evaluate its validity and reliability, and investigate 

the sex invariance of the questionnaire. Second, the current study aims to investigate sex differences in self-
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reported cognitive abilities based on the CHC theory framework. We hypothesize that our study would re-

plicate previous studies on sex differences in self-reported cognitive ability. Namely, we hypothesize that 

males rate their cognitive ability higher than females, especially in fluid reasoning and visual processing. 

 

 

STUDY 1 

DEVELOPMENT OF A BRIEF MEASURE OF THE SELF-REPORT COGNITIVE ABILITIES QUESTIONNAIRE 

 

Method 

 

Participants 

 

A total of 718 participants (345 males and 373 females) participated in this study. Recruitment 

occurred at the Faculty of Psychology, University of Muhammadiyah Malang, Indonesia; thus, all partici-

pants were undergraduate and master’s students. Age ranged from 18 to 29 years (M = 19.4, SD = 1.13). The 

majority of participants were from Java (68.9%). Participants were recruited through the instructor’s infor-

mation in the class. The participants were given brief information related to the goal of the research. Fifty 

randomly selected participants would get a monetary reward of 50,000 Indonesian Rupiah each (3.5 United 

States Dollars). The participants completed the demographic questions and the 18 items of SRCAQ only if 

they were willing to participate in the research. The dataset was then randomly split into two parts: dataset 

A for EFA and dataset B for CFA. Therefore, each dataset contains 359 participants. This procedure was 

conducted to mitigate the problem of false-positive confirmation (Fokkema & Greiff, 2017). 

 

 

Measure 

 

All participants completed the 18-item SRCAQ. Items designed to measure Gf, Gwm, Glr, Gv, Gc, 

and Gs were created based on relevant CHC theory literature (Schneider & McGrew, 2012, 2018), existing 

self-report measures (e.g., Fiorello et al., 2009; Jacobs & Roodenburg, 2014; Waschbusch et al., 2000), and 

relevant subtests from popular cognitive abilities tests (e.g., Woodcock-Johnson IV, Schrank & Wendling, 

2018). An expert in cognitive psychology reviewed a pool of 18 items for clarity, conciseness, and relevancy. 

For each item of the SRCAQ, participants rated how difficult or easy it was to perform specific cognitive 

tasks (for example, remember many things at once) compared to most people their age. Response options 

were as follows: 1 (very difficult); 2 (difficult); 3 (medium); 4 (easy); and 5 (very easy). The SRCAQ was 

pilot tested to ensure that the instructions, items, and response format were clear. 

 

 

Data Analysis 

 

Data were analyzed via exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). The 

analyses were run using the packages “psych,” “lavaan,” and “semTools” from the software R (Jorgensen et al., 

2022; R Core Team, 2013; Revelle, 2022; Rosseel, 2012). The number of factors retained was based on parallel 

analysis and a theoretical basis. Parallel analyses are done on resampled data. The principal axis factoring ex-

traction method combined with Promax rotation was used since permitting the factors to correlate was logically 

justified. To be retained, an item should exhibit a factor loading greater than .40 on the target factor or the factor 
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loading on the target factor should be at least .15 greater than those on the other factors (Worthington & Whitta-

ker, 2006). Cronbach’s α was used to determine the subscales’ reliability, with values higher than .70 being 

acceptable (Nunnally & Bernstein, 1994). In addition, we estimated the Spearman-Brown coefficient (rsb) since 

it was recommended as the most appropriate reliability statistic for a 2-item scale (Eisinga et al., 2013). 

The retained items were analyzed using CFA on a different dataset (dataset B). CFA was performed 

to check the overall model fit, convergent validity, discriminant validity, and construct reliability to confirm 

that the model accurately reflected the study constructs. The following fit indicators were calculated: χ2/df, 

Tucker-Lewis index (TLI), comparative fit index (CFI), and the root-mean-square error of approximation 

(RMSEA). For a good model fit, χ2/df should not exceed 3 (Kline, 2005), the TLI and CFI should exceed 

.95, and the RMSEA should not exceed .06 (Bagozzi & Yi, 1988; Hu & Bentler, 1999). Convergent and 

discriminant validity were evaluated by using criteria suggested by Fornell and Larcker (1981). Convergent 

validity was assessed by determining that the average variance extracted (AVE) for each construct was grea-

ter than the variance caused by measurement error for that construct (i.e., it should exceed .50). Discriminant 

validity can be assessed by comparing the AVE, maximum shared squared variance (MSV), and average 

shared squared variance (ASV). Discriminant validity is achieved when AVE exceeds MSV or ASV (Hair 

et al., 2018). Composite reliability values were used to determine reliability. Acceptable composite reliability 

is typically defined as .6 or above (Bagozzi & Yi, 1988). We used weighted least squares means and variance 

adjusted (WLSMV) estimation in our analyses as literature (e.g., Beauducel & Herzberg, 2006) suggested 

that this estimator is more appropriate for ordinal data. 

A multigroup CFA was conducted on a total sample to investigate four levels of measurement inva-

riance across sex: configural invariance, metric invariance, scalar invariance, and strict invariance. First, in 

configural invariance, all model parameters are freely estimated across sex. Second, in metric or weak inva-

riance, the factor loadings are constrained to invariance across sex. Third, in scalar or strong invariance, the 

intercepts are set to be invariant in addition to the factor loadings. Scalar invariance makes comparing latent 

means across groups meaningful. Fourth, in strict invariance, the item residuals are constrained to be equal 

across groups. Once measurement invariance was met, a test of latent mean differences was conducted. 

 

 

Results 

 

Exploratory Factor Analysis (EFA) 

 

The skewness and kurtosis of all items are between ‒1.00 and 1.00, indicating univariate normality. 

The average score for each item is 3.52. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 

index was .891, and Bartlett’s test of sphericity was significant (p < .001), suggesting that the sample was 

suitable for factor analysis. Parallel analysis was conducted, indicating a 4-factor solution. This result was 

counter-intuitive since the measure was designed to assess six latent constructs. We then ran the 4-factor and 

6-factor models and used the fit statistic to determine the optimal number of factors to retain. Fit statistics of 

the 4-factor solution were TLI = .91; RMSEA [90% CI] = .54 [.042, .065], while fit statistics of the 6-factor 

solution was TLI = .96; RMSEA [90% CI] = .35 [.016, .050]. The model fit of the 6-factor solution has a 

lower RMSEA than the 4-factor solution (ΔRMSEA ≥  .015), so the 6-factor solution was then determined 

to represent the data best (Finch, 2020). The initial analysis of the 4-factor and 6-factor solutions to the 18-

item SRCAQ is shown in Table C1 (Appendix C). As shown, there was an overlap between Gwm-Glr, Gf-

Gv, and Gc-Gs items. 
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In the next stage, Items 3, 5, 7, 12, 15, and 18 were removed due to failure loads greater than 0.40 

on the expected dimension. The EFA was rerun on the remaining 12 items for a final time, with six ex-

tracted factors explaining 55.85% of the variance. The correlations between the factors were moderate to 

high, ranging from r = .33 to r = .69 (Mean r = .51), indicating that the decision to use an oblique rotation 

was justified. The results of the final exploratory factor analysis are presented in Table 1. As shown in 

Table 1, items that were supposed to measure the same factor loaded on the same factor. All six scales 

failed to reach the accepted reliability α of .70. Cronbach’s α for item groups for Gf, Gwm, Glr, Gv, Gc, 

and Gs α = .69, α = .65, α = .63, α = .66, α = .68, and α = .66, respectively. Spearman-Brown coefficient 

for item groups for Gf, Gwm, Glr, Gv, Gc, and Gs rsb = .69, rsb = .65, rsb = .63, rsb = .68, rsb = .68, and rsb 

= .66, respectively. It should be noted that the low reliability is due to the fact that the scales are very 

small (only two items for each scale). 

 

TABLE 1 

Loading factor derived from 12-item SRCAQ 

 

Items 

Factor 

1 2 3 4 5 6 

Come up with a solution to novel problems 

(SRCA1) 
0.11 0.07 0.62 0.03 0.01 ‒0.05 

Find the underlying principle of a problem 

(SRCA2) 
‒0.13 ‒0.13 0.91 ‒0.06 0.01 0.06 

Remember many things at once (SRCA4) 0.01 0.43 0.10 ‒0.02 0.06 0.11 

Remember the information despite many distrac-

tions (SRCA6) 
‒0.11 1.03 ‒0.13 ‒0.05 ‒0.02 ‒0.01 

Remember lots of details about an event in the old 

photo (SRCA8) 
0.50 0.14 0.00 0.06 ‒0.02 ‒0.03 

Remember the names of my childhood friends 

(SRCA9) 
1.01 ‒0.19 ‒0.08 ‒0.13 0.02 0.04 

Determine if the furniture will fit in a room just by 

imagining it (SRCA10) 
0.18 0.05 0.11 0.49 ‒0.03 ‒0.03 

Imagine the shape of an object when it is transla-

ted, rotated, or reflected (SRCA11) 
‒0.15 ‒0.08 ‒0.09 0.97 0.05 0.05 

Express a broad vocabulary (SRCA13) 0.04 ‒0.03 ‒0.06 0.05 0.53 0.19 

Demonstrate the breadth of my general knowledge 

(SRCA14) 
‒0.02 0.02 0.06 0.01 0.88 ‒0.16 

Read something quickly (SRCA16) 0.00 0.00 0.02 0.06 ‒0.13 0.77 

Write fast (SRCA17) 0.03 0.03 0.03 ‒0.06 0.20 0.55 

 

 

Confirmatory Factor Analysis (CFA) 

 

CFA was conducted to compare which model of the three models proposed: the 6-factor model, the 

single-factor model, and the hierarchical factor model (see Appendix A, Figure A1) fit better with the data. 

We tested a single-factor model because the correlation between factors was moderate to high. In addition, 

a hierarchical factor (second-order) model was also tested since the measure heavily relied on the CHC mo-

del, which assumes that g underlies all broad factors. The summary of fit indicators of the models is presented 
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in Table 2. The 6-factor model provided the best fit to the data, with the highest values of CFI and TLI and 

the lowest value of RMSEA, and SRMR, in comparison to a single-factor and second-order model. Since the 

comparison of three CFA models showed that the 6-factor model was the best fit, the following analyses 

were conducted on the 6-factor model. 

 

TABLE 2 

Model fit of three CFA models for the SRCAQ (N = 359) 

 

Model df χ2 CFI TLI RMSEA [90% CI] SRMR 

Single-factor model 54 231.96 .715 .652 .096 [.083; .109] .087 

Six-factor model 39 47.69 .986 .976 .025 [.000; .047] .030 

Second-order model 48 90.48 .932 .907 .050 [.034; .065] .049 

Note: CFA = confirmatory factor analysis; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root-mean-

square error of approximation; CI = confidence interval; SRMR = standardized root-mean-squared residual. All χ2 tests  
were statistically significant at p < .01, all columns contain robust test statistics. 

 

 

Table 3 shows all six measures’ composite reliability, AVE, MSV, and ASV. The composite relia-

bility ranges from .63 to .79, which is acceptable at .60 (Fornell & Larcker, 1981). The AVE ranges from .46 

to .66. One factor (Glr) is below the recommended level of .50. According to Fornell and Larcker, if the AVE 

is less than .5, but the composite reliability is greater than .6, the construct’s convergent validity is still 

adequate. Because the composite reliability of the six constructs is substantially above the required threshold, 

the internal reliability of the measurement items is adequate.  

 

TABLE 3 

Analysis of measurement accuracy 

 

Factor Indicator λ Z CR AVE MSV ASV 

Factor 

Gf Gwm Glr Gv Gc Gs 

Gf 
SRCA1 .68 10.79* 

.66 .50 .46 .28 .71      
SRCA2 .73 12.21* 

Gwm 
SRCA4 .81 12.47* 

.71 .55 .27 .22 .45 .74     
SRCA6 .67 9.02* 

Glr 
SRCA8 .74 11.93* 

.63 .46 .36 .24 .39 .52 .68    
SRCA9 .61 10.83* 

Gv 
SRCA10 .79 15.61* 

.79 .66 .36 .22 .56 .35 .60 .81   
SRCA11 .83 14.52* 

Gc 
SRCA13 .70 11.91* 

.66 .50 .48 .32 .68 .52 .47 .41 .71  
SRCA14 .71 11.11* 

Gs 
SRCA16 .82 12.28* 

.69 .53 .48 .27 .53 .50 .45 .39 .69 .73 
SRCA17 .63 9.35* 

Note. λ = factor loading; CR = composite reliability; AVE = average variance extracted; MSV = maximum shared squared variance; 
ASV = average shared squared variance; square root of AVE = diagonal values in bold; off-diagonal value = correlation coefficients 

for each factor.  

* p < .001 
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Discriminant validity was evaluated by comparing the AVE for each construct with MSV and ASV. 

The results of our analyses suggest that the indices of discriminant validity indicate good validity for all six 

factors (all AVE markedly higher than MSV and ASV). Overall, discriminant validity could be acceptable 

for this measuring model. 

 

 

Invariance Analysis 

 

A multigroup CFA was performed to investigate total samples’ measurement invariance across sex. 

The invariance test examined four levels of measurement invariance: configural, metric, scalar, and strict. 

The configural invariance model (M1) is the first to be evaluated for these tests. We used Hu and Bentler’s 

criteria of model fit indices to evaluate the configural model for each group: a CFI > .95, a TLI > .95, and an 

RMSEA < .06 (Hu & Bentler, 1999). Once the configural invariance model is accepted, the metric invariance 

model (M2) can be tested. This is investigated by constraining the factor loadings of items equally between 

the groups. If M2 does not differ from M1, metric invariance is inferred. Following this, the scalar invariance 

(M3) can be investigated. This is tested by applying the same factor loadings and intercept values to all 

groups. If M3 does not differ from M2, scalar invariance is inferred. Strict invariance (M4) is examined by 

constraining the factor loadings, intercepts, and residual variances to be equal across groups. If M4 does not 

differ from M3, strict invariance is inferred.  

The configural model (M1) had adequate fit indices, χ2 = 85.65, df = 78, p = .26; CFI = .994; RMSEA 

[90% CI] = .017 [.000, .035], indicating the same factor structure in males and females. We assessed model 

fit differences and evaluated the following differences to indicate a lack of measurement invariance: ΔCFI ≥ 

.01; ΔRMSEA ≥  .015; ΔSRMR ≥  .010 (ΔCFI, ΔRMSEA, and ΔSRMR were interpreted in absolute values; 

Chen, 2007). The fit indices (e.g., chi-square, CFI, RMSEA, SRMR) of each model remained nearly unchan-

ged in comparison to the fit indices of another model. Considering all of the results, the three models (M2 

through M4) showed no significant reductions in model fits, indicating that the 6-factor structure reaches 

strict invariance between males and females (see Appendix B, Table B1). As a result, the 6-factor structure 

of the SRCAQ was shown to be sex invariant. 

 

 

Latent Mean Comparisons 

 

A comparison of latent mean differences across the male and female groups was conducted through 

multigroup CFA in the total sample. Latent mean values were set to zero in the female group and freely 

estimated for the male group. Because the latent means of the female group were fixed to zero, the latent 

means of the male group represented the mean differences between the two groups. The latent mean estimates 

were displayed in Table B2 (Appendix B), indicating mean values of Gf, Gv, and Gc in the male group were 

significantly different from zero (p < .05) but not in Gwm, Glr, and Gs. Males rated themselves as having 

higher Gf, Gv, and Gc than females. Cohen’s (1988) d effect size index was used to transform the latent 

mean differences into a more familiar measure, following the procedure suggested by Hancock (2001). To 

determine if the variance values of the two factors are equivalent across sex, the variance values were fixed 

to be equal across the two groups. The model was then tested and compared from scalar invariance. The 

model had adequate fit indices, χ2 = 125.88, df = 96, p = .022; CFI = .978; RMSEA [90% CI] = .029 [.012, 

.043]; SRMR = .037. The difference between the CFI, RMSEA, and SRMR of the models examining the 

invariance of factor variances and scalar invariance was less than .01, thus indicating that factor variances 
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were invariant across groups. As a result, the d values were calculated using the common standard deviations. 

The computed d values are shown in Table B2 (Appendix B). 

 

 

STUDY 2 

SEX DIFFERENCES IN SELF-REPORTED COGNITIVE ABILITIES 

 

Method 

 

Participants 

 

A total of 178 participants (87 males, 91 females) participated in this study. Age ranged from 18 to 

26 years (M = 19.4, SD = 1.37). Most participants were from Java (63.4%). Data collection was conducted 

in the Faculty of Psychology, University of Muhammadiyah Malang, and all participants were students in 

the “Scale Development” course. Participants took part in this study voluntarily as part of their learning 

activity in the course. Participants were given brief information about the study’s goal and completed the 12 

items of the SRCAQ. 

 

 

Measure 

 

All participants completed the 12-item SRCAQ. The description, development, and initial validation 

of this measure were mentioned in Study 1. 

 

 

Data Analysis 

 

The data for this study were analyzed using the multiple indicators and the multiple causes (MIMIC) 

model. A MIMIC model is an extension of CFA with covariates, usually demographic variables. By integra-

ting these covariates into CFA under the latent variable framework, the associations between the latent va-

riables and the demographic variables are simultaneously estimated with the factor loadings in the measure-

ment model. In this study, the demographic variable that is hypothesized to affect the latent factors (self-

reported cognitive abilities) is sex. First, the overall model was evaluated based on several fit statistics: χ2, 

CFI, TLI, and RMSEA. For a good model fit, χ2/df should not exceed 3 (Kline, 2005), the TLI and CFI should 

exceed .95, and the RMSEA should not exceed .06 (Bagozzi & Yi, 1988; Hu & Bentler, 1999). After the 

good model fit was achieved, we simultaneously tested the relationship between the latent factors of self-

reported cognitive abilities and sex. The standardized effect size (Cohen’s d) was calculated based on the 

procedure suggested by Hancock (2001). To compute standardize, we divide the unstandardized regression 

coefficient by the square root of the disturbance variance. Data analysis was performed using the “lavaan” 

package in R software (R Core Team, 2013; Rosseel, 2012). 

 

 

Results 

 

The WLSMV estimation converged to an acceptable solution for the MIMIC model. First, the ove-

rall model was evaluated based on the fit statistics described in Study 1. The MIMIC model, represented in 

Figure D1 (Appendix D), showed adequate fit indices, χ2 = 46.38, df = 45, p =.41; CFI =.995; TLI =.992; 
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RMSEA [90% CI] =.013 [.000, .052]). Then, we investigated the associations between sex and the six latent 

factors. Sex significantly affected the Gf and Gv dimensions, showing that males reported higher mean scores 

for Gf and Gv than females. The standardized effect sizes (Cohen’s d) were calculated based on the procedure 

suggested by Hancock (2001). To compute them, we divided the unstandardized regression coefficients by 

the square root of the disturbance variance. Table 4 depicts the associations between sex and the six latent 

factors in the MIMIC model. 

 

TABLE 4 

MIMIC model of self-repported cognitive abilities and sex 

 

Path Estimates 
Standard 

error 
z d p 

Sex →Gf 0.24 0.11 2.05 0.40 .04 

Sex →Gwm 0.01 0.14 0.08 0.01 .93 

Sex →Glr 0.18 0.15 1.26 0.22 .21 

Sex →Gv 0.32 0.13 2.34 0.41 .02 

Sex →Gc 0.13 0.11 1.13 0.21 .26 

Sex →Gs ‒0.20 0.14 ‒1.38 ‒0.25 .17 

Note. Females are coded as 0; thus, negative estimates indicate females have higher 
self-reported cognitive abilities than males. Gf = fluid reasoning; Gwm = short-

term working memory; Glr = long term storage and retrieval; Gv = visual proces-

sing; Gc = comprehension knowledge; Gs = processing speed. 

 

 

DISCUSSION 

 

The first goal of this study was to develop SRCAQ, a new brief questionnaire measuring the self-

reported cognitive abilities of Indonesians based on the CHC theory framework. To achieve this, we used 

EFA and CFA to select the items, investigate and confirm the factor structure of the SRCAQ, evaluate vali-

dity and reliability, and investigate the sex invariance of the questionnaire. EFA refined the SRCAQ from 18 

to 12 items based on well-established classical test theory psychometric principles. It was anticipated that a 

6-factor solution would describe the data, which was consistent with the theoretical basis proposed. The 

theorized 6-factor structure, however, did not emerge naturally. The initial analysis based on parallel analysis 

revealed a 4-factor solution with some overlap between items of Gf-Gv and Gc-Gs. The correlation between 

Gf and Gv is r = .58, while between Gc and Gs it is r = .69. This could be because Gf and Gv are typically 

highly correlated and deal with efficient and effective information processing (Chen et al., 2009), as do their 

corresponding SRCAQ items. At the same time, the high overlap between Gc and Gs items might be because 

the items of both abilities in this questionnaire are related to academic activities.  

Further CFA analysis confirms the six factors (Gf, Gwm, Glr, Gv, Gc, and Gs) of self-reported 

cognitive abilities. With different datasets from the EFA, the CFA results revealed a satisfactory goodness-

of-fit 6-factor model of SRCAQ with two items for each factor. By having only two items for each factor, 

this result is surprising since many researchers have recommended three to five items to represent each factor 

in factor analysis (MacCallum et al., 1999; Raubenheimer, 2004). However, this result is not uncommon 

since many studies (e.g., Islam, 2019; Muck et al., 2007; Nunes et al., 2018) found the same result in their 

analysis of the Ten-Item Personality Inventory (TIPI), a measure of Big Five personality traits with only two 

items each factor. Regarding sex invariance, we examined the configural invariance model, metric invariance 
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model, scalar invariance model, and strict invariance model, successively. Finally, we confirmed that the 6-

factor structure achieved strict sex invariance in Indonesian university students, which means that partici-

pants representing different sex interpret a given measure in a conceptually similar manner (Vandenberg & 

Lance, 2000). 

Compared to other existing self-report measures based on CHC theory (Fiorello et al., 2009; Jacobs 

& Roodenburg, 2014; Waschbusch et al., 2000), this questionnaire has several benefits. First, it successfully 

confirms the 6-factor structure as well as the measurement invariance across sex. None of the previous studies 

proved sex invariance of the measure, even though this measure is frequently used for sex comparisons. 

Second, this questionnaire is shorter, with only 12 items measuring six broad abilities. Some benefits of using 

short measures are that they require less time, eliminate item redundancy, and reduce participant boredom 

(Gosling et al., 2003). However, compared to other instruments, this questionnaire has lower alpha reliability. 

It is almost impossible to get high alphas in instruments with only two items per factor unless the correlation 

between the items is very strong. However, a strong correlation between two items might be problematic 

because it indicates they are redundant. Researchers noted that calculating coefficient alpha on scales with a 

small number of items can be misleading (Kline, 2000). 

Regarding the second goal of this study, we found significant differences across sex in self-reported 

Gf, Gc, and Gv in Study 1, and sex differences in Gf and Gv were replicated in Study 2, though with a small 

effect size. This finding supports a previous study conducted in Korea (Kang & Furnham, 2016) that found 

males have higher self-reported Gf than females. This finding is also consistent with a meta-analysis study 

(Syzmanowicz & Furnham, 2011), which synthesized data from predominantly Western nations (US, UK, 

and Europe) and found that males estimated their spatial and mathematical/logical abilities higher than fe-

males. Storek and Furnham (2013), in their research, confirm that intelligence is more closely related to 

masculinity. This study supports the idea that the sex effect on self-reported cognitive abilities, especially in 

Gf and Gv, is universal. Male samples in our study tend to evaluate themselves as superior in reasoning and 

spatial ability, which is more associated with general cognitive ability. Although our samples are not repre-

sentative of the Indonesian population, they could partially imply that Indonesians still believe males outper-

form females in certain cognitive ability domains. It could explain why specific jobs that rely on reasoning 

and spatial ability (e.g., drivers, pilots, engineers) are dominated by males in Indonesia. Further study with a 

more representative sample is needed to confirm this finding. 

Interestingly this finding is also in line with the study of sex differences in objectively measured 

cognitive abilities, which was tested by the Kaufman Assessment Battery for Children-Second Edition 

(KABC-II; Reynolds et al., 2008). They found that males consistently showed a significant mean advantage 

on the Gv factor at all ages. In a previous study, the self-reported Gv measure was correlated significantly 

and at a modest level with the performance Gv measure (r = .25) (Jacobs & Roodenburg, 2014). Although 

the correlation between self-reported and performance-based measures of cognitive ability is low, they share 

the same pattern in terms of sex differences. This finding raises the potential for further investigation of the 

relationship between objectively measured and self-reported cognitive abilities regarding sex differences. In 

particular, it is interesting to investigate what factors moderate individuals’ evaluations of their abilities (e.g., 

personality, social desirability, and experiences with cognitive ability tests).  

There were various limitations in this study. The main limitation of this study is the lack of any 

external validity measure. External measures could address the degree to which they correspond to any 

known cognitive or noncognitive constructs. However, we could not administer any external validation 

measures due to the limited resources and existing measures in Indonesia. The generalizability of the results 

is potentially limited due to the characteristics of the participants in this study. Our samples, although 
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relatively evenly distributed in terms of sex, have a higher education level than the general population of 

Indonesians. Ability estimation may be affected by the homogeneity of the sample in terms of education. A 

previous study found some contradictory findings, especially in self-estimated general intelligence between 

college students and general samples. For example, Furnham and Shagabutdinova (2012), in their study on 

university students in Russia, revealed no sex difference in estimates of overall intelligence. Nevertheless, in 

their meta-analytical study, Syzmanowicz and Furnham (2011) found that males gave significantly higher 

self-estimates of general intelligence than did females (d = 0.37). University students may be more aware of 

their intelligence than the general population. However, these findings must be replicated before these spe-

culative interpretations can be considered. 

The other limitation of this study is the single administration of the measure to develop and validate 

the measure. Our study used two reliability coefficients: Cronbach’s α and the Spearman-Brown coefficient. 

However, calculating alpha on scales with a small number of items can be misleading (Kline, 2000). In this 

case, providing another reliability index, such as test-retest reliability, was more appropriate. In general, more 

items lead to better construct representation, and the way to make measures more reliable is by increasing 

the number of items (Emons et al., 2007). For further research agenda, since broad abilities in CHC theory 

consist of many narrow abilities, we suggest developing a measure with more items that optimize content 

validity by including items that represent the narrow abilities. 

Based on the results and limitations of our study, there are several suggestions for researchers as 

well as prospective users of this measure. To our knowledge, SRCAQ is the first measure of self-reported 

cognitive abilities available in Indonesia. SRCAQ could benefit from the advancement of self-reported co-

gnitive abilities research in Indonesia. However, this brief measure should be limited to research purposes 

only, especially when the resources are limited. It is not intended for use in evaluation or self-assessment. In 

addition, this study provided initial validation of the SRCAQ. Further validation is needed, such as by cor-

relating this measure with any existing objectively measured or self-reported measure of cognitive abilities.  

 

 

CONCLUSION 

 

In summary, a series of studies successfully confirmed the 6-factor structure of SRCAQ based on 

CHC theory. This measure has adequate factorial validity and demonstrates invariance across males and 

females. Thus, this brief questionnaire can be an alternative to estimate individuals’ cognitive abilities when 

the resources are limited. Our study also confirmed previous studies regarding sex differences in self-report 

cognitive abilities. It showed that males tended to rate their Gf and Gv higher than females. Future studies 

are needed to replicate and extend the current findings, as the study reported here was the first to investigate 

the validity of the SRCAQ. 
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APPENDIX A 

 

Confirmatory factor analysis (CFA) model comparison 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE A1 

Three CFA models for the Self-Report Cognitive Abilities Questionnaire (SRCAQ) 
 

 

 

 

                                                                  

                                                                  

              

A. Single factor model

B. Six factor model

 

                                                                  

              

C. Second order model
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APPENDIX B 

Sex invariance testing 
 

 
TABLE B1 

Sex invariance testing of the SRCAQ 
 

Model 

Model fit Model comparison 

χ2 (df) CFI 
RMSEA  

[90% CI] 
SRMR ΔCFI ΔRMSEA ΔSRMR 

Configural (M1) 85.65 (78) .994 .017 [.000, .035] .027    

Metric (M2) 96.85 (84) .990 .021 [.000, .037] .030 .004 .004 .003 

Scalar (M3) 105.80 (90) .988 .022 [.000, .038] .031 .002 .001 .001 

Strict (M4)  123.51 (102) .984 .024 [.000, .038] .035 .004 .002 .004 

Note. CFI = comparative fit index; RMSEA = root-mean-square error of approximation; CI = confidence interval; SRMR = standardized 
root-mean-square residual. 

 

 
TABLE B2 

Results of latent mean difference analysis 
 

Factor Latent mean difference SD Cohen’s d p 

Gf 0.18 .35 0.30 0.01 

Gwm 0.05 .62 0.06 0.50 

Glr 0.03 .61 0.03 0.72 

Gv 0.15 .50 0.21 0.02 

Gc 0.14 .38 0.23 0.01 

Gs ‒0.05 .47 ‒0.07 0.45 

Note. Gf = fluid reasoning; Gwm = short-term working memory; Glr = long term storage and 

retrieval; Gv = visual processing; Gc = comprehension knowledge; Gs = processing speed. 
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APPENDIX C 

Exploratory factor analysis 
 

 
TABLE C1 

Exploratory factor analysis results of 4- and 6-factor solutions 
 

Items 

4-factor solution 6-factor solution 

1 2 3 4 1 2 3 4 5 6 

Come up with a solution to novel prob-

lems (SRCA1) 
0.21 ‒0.11 0.60 0.10 ‒0.09 0.82 0.01 ‒0.03 ‒0.11 0.18 

Find the underlying principle of a prob-
lem (SRCA2) 

0.28 ‒0.08 0.57 ‒0.17 ‒0.04 0.84 ‒0.01 ‒0.07 ‒0.03 ‒0.09 

Solve complex problems with just a 

few hints (SRCA3) 
0.53 ‒0.15 0.33 ‒0.02 0.47 0.35 ‒0.15 0.05 0.01 ‒0.09 

Remember many things at once 

(SRCA4) 
0.65 ‒0.03 0.01 0.13 0.83 ‒0.04 ‒0.07 0.01 0.01 ‒0.07 

Recall the information I just received 
(SRCA5) 

0.45 0.16 0.01 0.07 0.33 0.10 0.12 ‒0.10 0.16 0.06 

Remember the information despite 

many distractions (SRCA6) 
0.55 0.06 0.02 0.14 0.61 ‒0.06 ‒0.03 0.06 0.13 0.01 

Remember the information I obtained a 

year ago (SRCA7) 
0.54 0.03 ‒0.15 0.29 0.69 ‒0.09 0.12 ‒0.10 ‒0.10 0.08 

Remember lots of details about an 

event in the old photo (SRCA8) 
0.15 ‒0.08 0.02 0.66 0.09 ‒0.02 ‒0.01 0.01 0.00 0.65 

Remember the names of my childhood 

friends (SRCA9) 
0.11 ‒0.06 0.02 0.54 ‒0.09 0.01 ‒0.06 ‒0.11 0.12 0.77 

Determine if the furniture will fit in a 

room just by imagining it (SRCA10) 
‒0.07 0.01 0.48 0.37 0.06 0.13 ‒0.03 0.40 ‒0.02 0.25 

Imagine the shape of an object when it 
is translated, rotated, or reflected 

(SRCA11) 

‒0.18 0.21 0.47 0.17 ‒0.08 ‒0.12 0.02 1.05 0.07 ‒0.14 

Remember the road I have been on 
(SRCA12) 

‒0.09 0.32 0.01 0.33 0.08 ‒0.05 0.47 0.09 ‒0.20 0.12 

Express a broad vocabulary (SRCA13) 0.05 0.82 ‒0.16 0.01 ‒0.09 ‒0.07 0.87 ‒0.08 0.18 ‒0.10 

Demonstrate the breadth of my general 
knowledge (SRCA14) 

0.17 0.52 0.10 ‒0.04 0.07 0.14 0.47 0.03 0.15 ‒0.11 

Understand verbal or written instruc-

tions (SRCA15) 
0.11 0.40 0.17 0.05 ‒0.03 0.15 0.32 0.05 0.19 0.06 

Read something quickly (SRCA16) 0.32 0.31 0.03 ‒0.10 0.00 ‒0.07 ‒0.02 0.06 0.63 0.07 

Write fast (SRCA17) 0.43 0.41 ‒0.03 ‒0.15 0.00 ‒0.10 0.04 ‒0.03 0.82 0.07 

Calculate simple math calculations 

quickly (SRCA18) 
0.26 0.10 0.12 ‒0.06 0.10 0.13 0.00 0.02 0.20 ‒0.02 

Note. In bold = highest loading factor; SRCA1-SRCA3 is intended to measure fluid reasoning (Gf); SRCA4-SRCA6 is intended to 
measure short-term working memory (Gwm); SRCA7-SRCA9 is intended to measure long term storage and retrieval (Glr); SRCA10-

SRCA12 is intended to measure visual processing (Gv); SRCA13-SRCA15 is intended to measure comprehension knowledge (Gc); 

SRCA16-SRCA18 is intended to measure processing speed (Gs). Fit statistics of 4-factor solution, TLI = .91, RMSEA [90% CI] = .54 
[.042, .065]; fit statistics of 6-factor solution, TLI = .96, RMSEA [90% CI] = .35 [.016, .050] 
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APPENDIX D 

 

MIMIC model 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE D1 

MIMIC model depicting the association between  

the six factors of self-reported cognitive abilities and sex 
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