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Abstract
Article info: Background: This study examined the factorial invariance of the PAL-2
Received: 16.05.2026 mathematics test among male and female elementary school students in
Revised: 31.05.2026 Tehran. As an instrument for assessing specific mathematical skills and
Accepted: 19.06.2026 related cognitive processes, PAL-2 is important for identifying learning

processes underlying mathematical performance. Establishing factorial
invariance across gender groups is essential to ensure fairness and unbiased
interpretation of the results.
Method: The research method was descriptive analytical, employing multi
group confirmatory factor analysis (MG-CFA). The statistical population
consisted of elementary students, and a sample of 404 participants (210 girls
and 194 boys) was selected through multistage cluster sampling. Data was
analyzed using AMOS version 26, and factorial invariance was tested at four
levels: configural, metric, scalar, and strict.
Results: Findings indicated that the two-factor model of the test (specific
Keywords: mathematical skills and cognitive mathematical skills) demonstrated a good
Factorial invariance, Multi | fjt across both groups. The results of the multi-group analysis supported
group confirmatory factor configural, metric, and scalar invariance, indicating that the same factorial
analysis (MG-CFA), PAL-2 . . . .
test, Psychometrics struct}lre, factor loadlr}gs,l and -1tem intercepts were equivalent across boys
and girls. However, strict invariance was not confirmed, suggesting that the
equality of residual variances across gender groups did not hold.
Conclusion: Based on these results, the PAL-2 mathematics test can be
considered a valid tool for comparing the conceptual structure of abilities
across gender groups. However, because strict invariance was not supported,
direct comparisons of observed scores should be interpreted with caution. By
highlighting the importance of factorial invariance testing, this study
contributes to the standardization of assessment tools and the promotion of
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Factorial Invariance of the PAL-2 Mathematics Assessment ...

Extended Abstract

Introduction

The assessment of students’ learning processes and cognitive abilities represents a cornerstone
of contemporary educational psychometrics. Such evaluations are instrumental in identifying the
nuanced cognitive profiles of learners, facilitating targeted interventions that foster academic
trajectory and success. Within this framework, the Process Assessment of the Learner (PAL-2) has
emerged as a sophisticated test designed to capture the complexity of cognitive and educational
functioning. The PAL-2 includes separate domains related to reading, writing, and mathematics
(Pals & Houghton, 2004); however, the present study focuses specifically on the mathematics
assessment component of the instrument. However, the transition of such high stakes assessment
tools across diverse demographic and cultural contexts necessitates rigorous empirical validation.
A critical psychometric prerequisite in this regard is Factorial Invariance. This principle posits
that the underlying factor structure must remain stable across different sub populations, such as
those defined by gender, socio economic status, or linguistic background. Without establishing
measurement invariance, any observed differences in scores might reflect systematic
measurement bias rather than true variations in the latent ability, thereby compromising the
fairness and interpretability of the assessment results (Vandenberg & Lance, 2000).

Despite the widespread application of the PAL-2 in various international settings, there is a
continuous need to scrutinize its structural stability within specific educational ecosystems.
Accordingly, the present study investigates the factorial invariance of the PAL-2 Mathematics
Assessment across gender among elementary school students in Tehran. By employing Advanced
Structural Equation Modeling (SEM) techniques, this research aims to ensure that the
mathematics assessment, specific mathematics skills and mathematics-related cognitive skills,
functions equivalently for all students, providing a robust foundation for evidence-based decision
making in educational diagnostics and psychometric practice.

Methods

The present study employed a descriptive analytical research design using multi group
confirmatory factor analysis. The statistical population consisted of male and female elementary
school students in Tehran. A total of 404 students, including 210 girls and 194 boys, were selected
through multistage cluster sampling. The study used the PAL-2 mathematics assessment, derived
from the Process Assessment of the Learner, Second Edition (PAL-2). In the present study, only
the mathematics-related component of the PAL-2 was examined, including indicators related to
specific mathematics skills and mathematics-related cognitive abilities. Therefore, the analyses
and interpretations are limited to the mathematics assessment component rather than the full
PAL-2 battery. Data was analyzed using AMOS software, version 26. To examine the psychometric
properties of the instrument, factorial invariance was tested across four levels: configural, metric,
scalar, and strict invariance. Additionally, the reliability of PAL-2 test was calculated using
Cronbach's alpha coefficient. Given that some PAL-2 subtests are performance-based or include a
small number of indicators, Cronbach’s alpha was interpreted cautiously.

Results

The findings of the multi group confirmatory factor analysis indicated that the PAL-2 mathematics
assessment demonstrated satisfactory factorial invariance across gender groups up to the scalar
level. Fit indices for successive models showed that the configural model provided a good fit to
the data (x%/df = 1.70, CFI = 0.97, RMSEA = 0.04). Constraining factor loadings to equality (metric
invariance) resulted in a model with acceptable fit (x?/df = 1.65, CFI = 0.97, RMSEA = 0.04; ACFI
< 0.01, ARMSEA <0.01). Similarly, adding equality constraints on indicator intercepts (scalar
invariance) did not significantly degrade model fit (x*/df = 0.96, CFI = 0.97, RMSEA = 0.04; ACFI <
0.01, ARMSEA <0.01). In the next step, equality constraints were imposed on residual variances
to test strict invariance. Although the strict invariance model retained an acceptable level of
absolute fit (x*/df = 2.26, CFI = 0.95, RMSEA = 0.05), the deterioration in fit relative to the scalar
model indicated that strict invariance was not supported (ACFI = -0.02, ARMSEA = 0.01). Nested
model comparisons further supported this pattern: Ax* (Adf = 12) = 13.23, p = 0.35 between the
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configural and metric models; Ax* (Adf = 15) = 14.45, p = 0.49 between the metric and scalar
models; and Ax? (Adf = 40) = 90.47, p < 0.01 between the scalar and strict models. Hence,
configural, metric, and scalar invariance were supported, whereas strict invariance was not
confirmed. These results indicate that the same two-factor structure, factor loadings, and
indicator intercepts were equivalent across boys and girls. Therefore, the PAL-2 Mathematics
Assessment measures the same mathematics-related latent constructs comparably across gender
groups, and the establishment of scalar invariance provides a psychometric basis for comparing
latent mean scores between boys and girls. However, because strict invariance was not supported,
direct comparisons of observed scores should be interpreted with caution, as residual variances
were not equivalent across gender groups.

In addition, the instrument demonstrated acceptable internal consistency across its multi-item
subscales. Cronbach'’s alpha coefficients were 0.93 for Facts Retrieval and Writing (FRL), 0.70 for
Verbal Computations (COVE), 0.90 for Place Value (PV), 0.64 for Spatial Working Memory (SWM),
and 0.76 for Rapid Automatic Naming (RAND). These values indicate very high reliability for FRL
and PV, acceptable reliability for COVE and RAND, and relatively lower reliability for SWM.
However, given the small number of indicators and the performance-based nature of some PAL-2
Mathematics Assessment subtests, Cronbach’s alpha coefficients should be interpreted cautiously,
particularly for SWM. Single-item subtests (COSA, COSP, FB, MSPS, QWM, RASW, FW) were
exempted from internal consistency evaluation.

Conclusion

The results indicated that the PAL-2 Mathematics Assessment demonstrates a stable and
unbiased two-factor structure across Iranian girls and boys. Configural, metric, and scalar
invariance were supported (McDonald, 1999; Floyd & Widaman, 1995), indicating equivalence in
factorial structure, factor loadings, and indicator intercepts across gender groups. These findings
suggest that the constructs of specific mathematics skills and mathematics-related cognitive skills
are measured comparably in boys and girls. However, strict invariance was not established (Marsh
etal.,, 2014), indicating that residual variances were not fully equivalent across groups. Therefore,
although the findings support measurement equivalence of the PAL-2 Mathematics Assessment
up to the scalar level, direct comparisons of observed scores should be interpreted cautiously, as
they may be influenced by unequal measurement error. Overall, the results are consistent with
national and international research (Berry, 2003; Khanipour et al., 2022) and support the use of
the PAL-2 Mathematics Assessment for cross-gender comparisons of latent constructs, while
recommending caution in interpreting direct mean-score differences.
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