
Frontiers in Education 01 frontiersin.org

Psychometric evaluation of the 
abbreviated math anxiety scale in 
Russian university students
Sergey Malykh *, Anna Pavlova , Artem Malykh , 
Timofey Adamovich , Alexey Tikhoniyk , Victoria Ismatullina , 
Pavel Kolyasnikov  and Tatiana Tikhomirova 

Russian Academy of Education, Moscow, Russia

Math anxiety can hinder learning and deter students from pursuing STEM fields. 
The Abbreviated Math Anxiety Scale (AMAS) is a short measure of math anxiety, 
but its use among Russian university students has not been previously evaluated. 
We assessed the psychometric properties of the AMAS in a sample of 6,337 Russian 
first-year university students (mean age 18.6 ± 0.96; 64.4% female). Confirmatory 
factor analysis indicated that a bifactor model—with a general Math Anxiety factor 
and two specific factors (Learning Math Anxiety and Math Evaluation Anxiety)—
fit the data best (CFI = 0.995, RMSEA = 0.048). The AMAS demonstrated good 
internal consistency (Cronbach’s α = 0.82–0.86; McDonald’s ω = 0.83–0.86) and 
convergent validity via moderate correlations with trait anxiety (r = 0.35–0.44, 
p < 0.001). Measurement invariance across gender and academic profile (STEM vs. 
non-STEM majors) was supported, suggesting that the scale functions equivalently 
across these groups. Overall, the Russian version of the AMAS exhibits strong 
psychometric properties in this population and can be confidently used to assess 
math anxiety among Russian university students.
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1 Introduction

Math anxiety is characterized by an intensive feeling of fear, apprehension and tension 
during math-related activities, such as basic arithmetic calculations or solving differential 
equations (Richardson and Suinn, 1972). It is accompanied by a negative math self-concept 
(Kaskens et al., 2020), negative attitudes towards math (Hembree, 1990; Casanova et al., 2021), 
low math interest (Du et al., 2021), low math value (Wang et al., 2014), and math avoidance, 
resulting in reduced math competence and restricted career opportunities (Ashcraft, 2002). 
Although it often overlaps with general and test anxiety, math anxiety is considered a domain-
specific construct tied to math contexts (e.g., calculations, exams). A number of studies have 
reported a negative link between math anxiety and math performance (see Zhang et al., 2019; 
Barroso et al., 2021 for a meta-analysis), which is likely bidirectional (Carey et al., 2015). On 
the one hand, individuals with initially low math abilities tend to exhibit higher math anxiety 
(Maloney et al., 2012; Ferguson et al., 2015). On the other hand, high math anxiety has a 
detrimental effect on math performance by disrupting cognitive processing and working 
memory (Ashcraft, 2002; Carey et al., 2015; Lau et al., 2024; Ramirez et al., 2018; Dowker et al., 
2016; Foley et al., 2017).

Although the majority of studies on math anxiety concern schoolchildren, some studies 
have focused on college and university students (Betz, 1978; Bjälkebring, 2019; Cumhur and 
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Tezer, 2019; Rossi et al., 2023; Zanabazar et al., 2023; Khasawneh et al., 
2021). Like schoolchildren, students with high math anxiety show 
lower math achievement (Betz, 1978) and are prone to seek help from 
their peers to pass math courses (Bjälkebring, 2019).

The abbreviated math anxiety scale (AMAS), developed from the 
mathematics anxiety rating scale (MARS) by Hopko et al. (2003), is 
one of the most widespread tools for measuring math anxiety. The 
AMAS has been validated for a variety of cultural contexts and age 
groups, showing good fit with the data, as well as both gender and 
cultural invariance (Primi et al., 2020; Cohen and Limbers, 2022). The 
AMAS—a 9-item questionnaire with two subscales: Learning Math 
Anxiety (LMA) and Math Evaluation Anxiety (MEA). Items are rated 
on a 0–4 scale, and the tool has shown strong reliability, a robust 
two-factor or bifactor structure, and measurement invariance across 
gender and cultures. Recent studies also support its reliability among 
Russian schoolchildren (Marakshina et al., 2023, 2024).

Several studies have compared math anxiety prevalence across 
different cultures (Linna et al., 2024; Yuan et al., 2023).

Prevalence varies by measurement, but research consistently finds 
higher math anxiety in females and lower levels in STEM students. 
These group differences highlight the need for valid and unbiased 
assessment tools across gender and academic profiles. To our 
knowledge, no study has investigated the psychometric properties of 
the AMAS in a population of Russian students. This study addresses 
that gap by evaluating: Factor structure (via confirmatory factor 
analysis), Reliability of total and subscale scores, Construct validity 
(correlation with trait anxiety), and Measurement invariance across 
gender and academic profile (STEM vs. non-STEM).

Based on prior work, we expected strong reliability, a good-fitting 
bifactor model, and invariance across groups.

2 Method

2.1 Participants

The study involved 6,337 first-year university students (35.6% male, 
64.4% female) aged 18–24 years (M = 18.58, SD = 0.96), recruited from 
26 public universities across 19 regions of Russia, during scheduled 
online assessment sessions. Academic majors were categorized into 
STEM (science, technology, engineering, mathematics), and non-STEM 
(including humanities, social sciences, and life sciences), to facilitate 
comparisons by academic profile. Approximately 26% of the sample 
were enrolled in STEM majors, while the remaining 74% pursued 
non-STEM disciplines. Participation was voluntary, and responses were 
collected anonymously to minimize any response bias. Informed 
consent was obtained electronically. Ethical approval was granted by 
the Ethics Committee of the Psychological Institute of the Russian 
Academy of Education. The questionnaires were administered in a 
scheduled online session at the university under standardized 
conditions with staff supervision. Respondents with incomplete 
demographic or questionnaire data were excluded from analysis.

2.2 Measures

The Abbreviated Math Anxiety Scale was adapted from Hopko 
et al. (2003). The AMAS consists of 9 items, with 5 items comprising 

the learning math anxiety subscale (LMA) and 4 items comprising the 
math evaluation anxiety subscale (MEA). Translation and back-
translation procedures ensured semantic equivalence. Each item 
presents a math-related situation, and the respondent is asked to assess 
the intensity of anxiety in that scenario on a 5-point Likert scale 
ranging from 0 (low anxiety) to 4 (high anxiety).

To evaluate convergent validity, participants also completed the 
Trait subscale of the State–Trait Anxiety Inventory (STAI-T; 
Spielberger et  al., 1983), a 20-item measure of general anxiety 
propensity rated on a 4-point Likert scale. This instrument has 
demonstrated acceptable internal consistency (Cronbach’s α ≈ 0.76).

2.3 Statistical analysis

All analyses were conducted in R (v4.3.1) using psychometric 
packages. Descriptive statistics were computed for AMAS scores, 
followed by confirmatory factor analysis (CFA) to evaluate four 
competing models: one-factor, two-factor (correlated LMA and 
MEA), second-order (LMA and MEA as first-order factors under a 
higher-order factor), and bifactor (general factor plus orthogonal 
LMA and MEA). Given the ordinal nature of item responses, large 
sample size and potentially skewed distribution, estimation was 
performed using the robust weighted least squares estimator 
(WLSMV). Model fit was assessed using established cutoffs for CFI 
and TLI (≥ 0.95), and RMSEA and SRMR (≤ 0.08). Model 
comparisons were based on these indices and, when appropriate, 
chi-square difference tests.

Internal consistency was assessed via Cronbach’s alpha and 
McDonald’s omega coefficients for the total scale and subscales, with 
values between 0.70 and 0.90 considered satisfactory. Item-total 
correlations were examined to assess item discrimination. Convergent 
validity was evaluated by calculating Pearson correlations between 
AMAS scores and the STAI-T trait anxiety score, with a moderate 
positive association hypothesized. Statistical significance was 
evaluated at α = 0.05 (two-tailed).

Measurement invariance across gender and academic profile was 
tested using multi-group CFA. Three nested models were specified for 
each grouping variable: configural (unconstrained), metric (equal 
factor loadings), and scalar (equal loadings and intercepts). Invariance 
was assessed based on changes in fit indices, with ΔCFI ≤ 0.01 and 
ΔRMSEA ≤ 0.015 indicating invariance, consistent with 
recommendations by Cheung and Rensvold (2002) and Chen (2007). 
Given the large sample size, chi-square differences were interpreted 
with caution, and model fit indices were prioritized.

3 Results

Table 1 presents descriptive statistics of the total AMAS scale as 
well as the LMA and MEA subscales. The distributions for all the 
scales are right skewed, especially the distribution of the LMA scores 
(see Figure 1). The Pearson correlation coefficient revealed a strong 
correlation between the LMA and MEA scores, with r = 0.61 
(p < 0.001).

Confirmatory factor analyses (CFA) supported a bifactor structure 
for the AMAS as the best representation of the data (see Table 2). The 
one-factor model demonstrated poor fit (CFI = 0.914, RMSEA = 0.162), 
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while both the two-factor and second-order models showed improved 
but still suboptimal fit (CFI = 0.977, RMSEA = 0.085). In contrast, the 
bifactor model achieved excellent fit indices (CFI = 0.995, 
RMSEA = 0.048) and was the only model with RMSEA < 0.05. 
Chi-square difference tests confirmed its superiority over all alternatives 
(p < 0.001), justifying its selection for further analyses.

Factor loadings from the bifactor model indicated that all items 
loaded strongly on the general math anxiety factor (see Table  3). 
Loadings for Learning Math Anxiety (LMA) items ranged from 0.73 
to 0.91, while Math Evaluation Anxiety (MEA) items ranged from 0.34 
to 0.66. Specific-factor loadings were negligible for LMA items (−0.06 
to 0.15), indicating near-complete overlap with the general factor. 
MEA items, however, retained moderate specific loadings (0.40 to 
0.66), suggesting a distinct evaluative component in addition to the 
general anxiety factor. In our sample, the negligible loadings on the 
learning-specific factor indicate that math learning anxiety is largely 
subsumed by the general math anxiety factor, whereas evaluation-
related anxiety retains distinctiveness.

The AMAS exhibited strong internal consistency (see Table 3), 
with Cronbach’s α values of 0.86 for the LMA subscale, 0.82 for MEA, 

and 0.86 for the total scale. McDonald’s ω coefficients were comparable 
(0.85–0.86), indicating minimal measurement error and confirming 
reliability across subscales. Corrected item-total correlations ranged 
from 0.48 to 0.70, supporting good item discrimination.

Construct validity was supported through moderate positive 
correlations with trait anxiety as measured by the STAI-T. The total 
AMAS score correlated at r = 0.44 (p < 0.001) with trait anxiety, while 
the LMA and MEA subscales correlated at r = 0.35 and r = 0.41, 
respectively (both p < 0.001). These associations align with theoretical 
expectations and prior research, indicating a meaningful but 
non-redundant relationship between math-specific and general 
anxiety constructs.

Multi-group CFA supported configural, metric, and scalar 
invariance of the AMAS across gender (see Table  3). The model 
demonstrated excellent fit in all invariance stages (CFI ≥ 0.985, 
RMSEA ≤ 0.042), with negligible changes in fit indices (ΔCFI ≤ 0.002, 
ΔRMSEA ≤ 0.002), and non-significant chi-square difference for 
scalar invariance (p = 0.49). These results indicate that the scale 
measures math anxiety equivalently in male and female students, 
allowing for meaningful group comparisons.

TABLE 1  Descriptive statistics for the LMA, MEA, and total AMAS scores.

Scale Number of items Mean (SD) Median Min/Max Skewness Kurtosis

AMAS 9 8.56 (6.47) 7 0/36 1.20 1.91

LMA 5 2.01(3.36) 0 0/20 2.48 7.02

MEA 4 5.67 (3.56) 5 0/16 0.42 −0.28

AMAS indicates the total AMAS score, LMA indicates the score on the learning math anxiety subscale, and MEA indicates the score on the math evaluation anxiety subscale.

FIGURE 1

AMAS score distribution.

TABLE 2  Comparison of CFA models for the AMAS (N = 6,337).

Model df χ2 CFI TLI SRMR RMSEA (90% CI)

One-factor 27 4513.2* 0.914 0.886 0.100 0.162 (0.158–0.166)

Two-factor 26 1209.0* 0.977 0.969 0.047 0.085 (0.081–0.089)

Bifactor 17 264.5* 0.995 0.990 0.019 0.048 (0.043–0.053)

Second-order 26 1209.0* 0.977 0.969 0.047 0.085 (0.081–0.089)

*p < 0.001 for all χ2 tests (comparison against a saturated model).
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Invariance testing (see Supplementary Table 1) across academic 
profiles (STEM vs. non-STEM) also supported configural and metric 
invariance. Although chi-square difference tests for metric and scalar 
steps were significant (p < 0.001), changes in fit indices were minimal 
(total ΔCFI = 0.005; ΔRMSEA = 0.003), suggesting approximate 
scalar invariance. This indicates that while minor item-level differences 
may exist, the AMAS generally functions equivalently across 
academic domains.

4 Discussion

This study examined the psychometric properties of the Russian 
adaptation of the Abbreviated Math Anxiety Scale (AMAS) among a 
large cohort of university students. The findings support the AMAS as 
a reliable and valid measure of math anxiety in this population, 
aligning well with international evidence and extending prior research 
to the Russian higher education context.

The bifactor model provided the best fit to the data, outperforming 
alternative structures (one-factor, two-factor, and second-order). This 
aligns with prior work across diverse populations (e.g., Sadiković 
et  al., 2018; Primi et  al., 2020; Cohen and Limbers, 2022), which 
likewise reports a strong general math-anxiety factor accompanied by 
learning- and evaluation-specific facets. In our university sample, 
loadings on the learning-specific factor were negligible, whereas 
evaluation-specific loadings were moderate—indicating that learning-
related anxiety is largely absorbed by the general factor, while 
evaluation-related anxiety retains distinctiveness. A plausible 
explanation is the performance-driven nature of higher education, in 
which evaluative settings pose a salient psychological challenge. 
Consistent with this interpretation, in our bifactor solution LMA 
items showed near-zero specific loadings (−0.06 to 0.15) but loaded 
strongly on the general factor (0.73–0.91), a pattern likely driven by 
item content that maps more closely to school-type study situations 
and by pronounced floor effects on LMA responses (≈90% “low/very 
low”). Although some authors caution that bifactor models can overfit 
for statistical reasons, in our case only the bifactor model met 
conventional fit thresholds, suggesting substantive rather than purely 
statistical superiority.

Notably, whereas Marakshina et al. (2023) found a second-order 
solution in Russian adolescents, our university sample exhibited a 
clearer bifactor structure. One parsimonious reading is developmental: 

by late adolescence/early adulthood, math anxiety behaves largely as 
a unidimensional construct, with evaluation experiences providing 
the primary differentiated trigger. Practically, AMAS scores in this 
context are best interpreted as reflecting a dominant general construct, 
with facet-level specificity most meaningful for evaluation and to 
be used cautiously for learning.

Measurement invariance across gender and academic profile was 
also supported at the configural, metric, and scalar levels. This 
indicates that the AMAS measures the underlying construct 
equivalently across male and female students and across STEM and 
non-STEM disciplines. While chi-square differences in profile-based 
comparisons were significant, minimal changes in CFI and RMSEA 
suggest that any non-invariance was negligible. These results align 
with prior findings of gender invariance (e.g., Marakshina et  al., 
2023) and extend the literature by demonstrating invariance across 
academic fields, which is rarely tested. Therefore, group differences 
observed in math anxiety scores likely reflect substantive differences 
rather than measurement bias, validating the AMAS for 
comparative research.

The scale demonstrated high internal consistency, with alpha and 
omega coefficients exceeding typical benchmarks and aligning with 
previous studies (Hopko et al., 2003; Primi et al., 2020). Item-total 
correlations confirmed that each item contributed meaningfully to the 
construct. Convergent validity was supported by moderate 
correlations between AMAS and trait anxiety scores, consistent with 
theoretical expectations and prior empirical work. This association 
affirms the conceptual link between math-specific anxiety and broader 
anxiety dispositions, while the moderate magnitude of the correlation 
confirms that math anxiety remains a distinct domain-specific 
phenomenon. These findings underscore the necessity of using 
tailored instruments like the AMAS rather than relying solely on 
general anxiety measures. Although the AMAS is a brief questionnaire 
and performed robustly in this study, it may not encompass all 
dimensions of math anxiety. In our sample, for instance, the learning-
related anxiety items did not contribute much beyond the general 
anxiety factor, indicating a potential limitation in capturing that 
sub-dimension separately.

Nonetheless, several limitations merit consideration. The sample 
consisted exclusively of first-year students, limiting generalizability to 
more advanced or postgraduate populations. Future studies should 
examine whether the psychometric structure of the AMAS remains 
stable across educational stages. Additionally, while trait anxiety 

TABLE 3  Standardized factor loadings for the bifactor model of the AMAS.

Item (subscale) Specific factor loading General factor loading

1. Using tables in math textbook (LMA) 0.11 0.73

3. Watching teacher solve an equation (LMA) 0.15 0.84

6. Listening to a math lecture (LMA) −0.06 0.91

7. Listening to a peer explain a formula (LMA) −0.06 0.85

9. Starting a new chapter in a math book (LMA) 0.15 0.84

2. Thinking about an upcoming math test (MEA) 0.61 0.60

4. Taking an exam in a math course (MEA) 0.63 0.34

8. Being given an unexpected math quiz (MEA) 0.66 0.54

5. Having a difficult math homework assignment (MEA) 0.40 0.63

LMA, Learning Math Anxiety subscale; MEA, Math Evaluation Anxiety subscale. Loadings are standardized. All loadings are significant at p < 0.001.
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served as a useful convergent measure, future research could enhance 
construct validity evidence by including academic performance 
metrics or intervention outcomes.

5 Conclusion

In a large sample of Russian first-year students (N = 6,337), the 
Russian AMAS showed strong overall psychometric performance, with 
a dominant general factor and acceptable invariance across gender and 
academic profile (approximate scalar invariance). Prevalence estimates 
indicated that most students report low-to-moderate math anxiety, 
while a small subgroup (≈5%) exhibits high math anxiety. Practically, 
these results support the AMAS as a screening tool to identify students 
who may benefit from targeted support, particularly around evaluative 
contexts. Conceptually, the weak uniqueness of the learning-anxiety 
component suggests that, at the university level, math anxiety is largely 
unidimensional with evaluation-related experiences providing the 
main differentiated contribution. Future work should refine LMA item 
content for higher-education settings, incorporate additional validity 
evidence (e.g., academic outcomes), and examine institution-level 
factors not captured here.
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