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Abstract

The present study examined the factorial invariance and psychometric
properties of the Snijders—-Oomen Nonverbal Intelligence Test (SON-R 2.5-7)
among boys and girls aged 2.5 to 7 years. Establishing equivalence across
demographic groups, particularly gender, is essential for valid interpretation
and comparison of test scores. The target population included all children
aged 2.5 to 7 years residing in Tehran in 2005, and the final sample consisted
of 1,126 children (615 boys and 511 girls), selected through multistage
random sampling from kindergartens affiliated with the Tehran Welfare
Organization and the Ministry of Education .Data were analyzed using R

statistical software with advanced psychometric and multivariate techniques.
Exploratory factor analysis was first conducted to identify the underlying
structure of the test, and findings supported a two-factor model representing
performance and reasoning abilities. This structure was then evaluated
through confirmatory factor analysis, which showed acceptable goodness-of-
fit indices and confirmed the adequacy of the proposed model. To determine
whether the measurement model functioned equivalently across gender
groups, multigroup confirmatory factor analysis (MGCFA) was used.
Measurement invariance was assessed at successive levels, including
configural, metric, scalar, and strict invariance. The results demonstrated that
the SON-R 2.5-7 met the required criteria for invariance between boys and
girls, indicating that the test operates similarly across gender .Because

measurement invariance is a central source of evidence for construct validity,
these findings provide strong support for the construct validity of the
instrument. Overall, the SON-R 2.5-7 can be considered a valid, reliable, and
gender-unbiased tool for assessing and comparing nonverbal intelligence in
children aged 2.5 to 7 years in both research and clinical settings.
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Extended Abstract

Introduction

The assessment of intelligence in children is fundamental in developmental and clinical
psychology, with intelligence tests playing key roles in diagnosis, intervention, and educational
planning. However, traditional tests like Stanford-Binet and Wechsler have been criticized for
their heavy reliance on verbal skills and culture-specific content (Dixon et al., 2023), potentially
underestimating abilities of children from diverse cultural backgrounds, ethnic minorities, or
those with hearing and speech difficulties (Bouzaher et al., 2024; Cauwenberghe et al., 2025).
These limitations prompted development of nonverbal intelligence tests providing more
equitable cognitive assessments (Tellegen & Laros, 1993).

The Snijders-Oomen Nonverbal Intelligence Test (SON-R 2.5-7), designed in 1943 based on
work with deaf children in the Netherlands, is a prominent nonverbal assessment tool. Its unique
characteristics include no requirement for specific verbal abilities, adaptive administration, and
feedback provision during testing to facilitate learning (minaei, 2005). Research demonstrates
high correlations between SON-R 2.5-7 and established tests like Wechsler and Stanford-Binet
(Karino etal, 2011).

A fundamental psychometric issue receiving recent attention is measurement invariance
examination across demographic groups, particularly gender. Measurement invariance refers to
equivalence of an instrument’s measurement structure across groups and is essential for valid
score comparisons. Multi-group confirmatory factor analysis (MGCFA) is the gold standard for
examining measurement invariance (Hirschfeld & Brachel, 2014). Therefore, this study aims to
examine the factor structure, measurement invariance, and psychometric properties of the SON-
R 2.5-7 test among boys and girls aged 2.5 to 7 years.

Methods

The present study is applied in terms of purpose and secondary analysis in terms of data
collection method. The data used were extracted from the standardization study of the SON-R 2.5-
7 test conducted by minaei (2007) in Tehran. The research sample included 1126 children (615
boys and 511 girls) who were selected using multistage random sampling from kindergartens in
Tehran. The research instrument was the Snijders-Oomen Nonverbal Intelligence Test (SON-R
2.5-7), which includes 6 subtests: Mosaics, Categories, Puzzles, Analogies, Situations, and
Patterns. These subtests are classified into two general scales: the Performance Scale (including
Mosaics, Puzzles, and Patterns) and the Reasoning Scale (including Categories, Analogies, and
Situations).

Data analysis was performed using R statistical software. The data were randomly divided into
two subsamples. Exploratory factor analysis (EFA) was performed on the first subsample using
the psych package with maximum likelihood method and Promax rotation. Before conducting
exploratory factor analysis, data adequacy was examined through the KMO index and Bartlett’s
test of sphericity. The number of factors was determined based on scree plot, parallel analysis,
and minimum average partial (MAP) method. Then, confirmatory factor analysis (CFA) was
performed on the second subsample using the lavaan package, and model fit was evaluated based
on CFI, TLI, RMSEA, and SRMR indices. To examine measurement invariance between girls and
boys, multi-group confirmatory factor analysis (MGCFA) was conducted at four levels: configural,
metric, scalar, and strict. Model comparisons were based on changes in CFI and RMSEA indices.
Additionally, the reliability of extracted factors was calculated using omega coefficient.

Results

The results of Bartlett’s test of sphericity [x*(15) = 22785.75, P = 0.001] and KMO index (0.93)
indicated that the data were suitable for factor analysis. Exploratory factor analysis confirmed
the existence of a two-factor structure. The first factor (Performance Scale) with an eigenvalue of
2.64 explained 44% of the total variance, and the second factor (Reasoning Scale) with an
eigenvalue of 1.86 explained 31% of the total variance. Overall, this factor structure explained
75% of the total variance. The factor pattern matrix showed that the Mosaics (0.80), Patterns
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(0.78), and Puzzles (0.61) subtests loaded on the first factor, and the Analogies (0.55), Situations
(0.82), and Categories (0.55) subtests loaded on the second factor.

Confirmatory factor analysis confirmed good fit of the two-factor model [x* = 29.101, df = 8, CFI
= 0.993, TLI = 0.986, RMSEA = 0.068, SRMR = 0.013]. The results of multi-group confirmatory
factor analysis showed that the configural model [x? = 45.01, df= 16, CFI=0.99, TLI = 0.99, RMSEA
= 0.06], metric model [X2 =51.97, df = 20, CFI = 0.99, TLI = 0.99, RMSEA = 0.05], partial scalar
model [x? = 54.79, df = 23, CFI = 0.99, TLI = 0.99, RMSEA = 0.05], and partial strict model [x* =
60.19, df = 39, CF1 = 0.99, TLI = 0.99, RMSEA = 0.04] had adequate fit. Given that changes in CFI
and RMSEA indices between successive models did not exceed recommended thresholds (ACFI <
0.01 and ARMSEA < 0.015), measurement invariance of the test between girls and boys was
confirmed.

Reliability results showed that omega coefficient for the Performance Scale was 0.92 for the
total sample, 0.92 for boys, and 0.92 for girls, and for the Reasoning Scale was 0.87 for the total
sample, 0.86 for boys, and 0.87 for girls, indicating acceptable reliability (Flora, 2020).

Conclusion

The findings of the study showed that the two-factor structure of the test had adequate fit in the
examined sample. This finding is consistent with previous research (Tellegen & Laros, 1993;
minaei, 2007). The confirmation of measurement invariance of the test between girls and boys
indicates that the measurement structure of the test is equivalent across the two gender groups,
and test scores can be validly compared between groups (Cheung & Rensvold, 2002; Chen, 2007).
Karino et al. (2012) also reported that most test items are free from gender bias. The findings of
the present study complement these results at the level of latent constructs and provide stronger
evidence regarding the unbiasedness of the test. Reliability results also showed that the extracted
factors have acceptable internal consistency. Overall, the findings provide valid evidence
supporting the psychometric adequacy of the SON-R 2.5-7 test and demonstrate that this testis a
valid and unbiased instrument for assessing intelligence in children aged 2.5 to 7 years in the
[ranian population and can be used in clinical, educational, and research settings.
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