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This study is the first to assess the internal consistency and factor validity of the Abbreviated Math Anxiety Scale (AMAS) in a sample of Russian adolescents as well as gender differences and gender invariance. The study included 4,218 adolescents in grades 7–9 (M = 14.23, SD = 0.92). Internal consistency, measured with Cronbach’s alpha, was high. Analysis of the factor structure revealed the best correspondence of the second-order factor model, which included two scales (learning math anxiety and math evaluation anxiety) and the general scale of math anxiety. There were greater gender differences in the all three scales. Analysis of gender invariance demonstrated that the mathematics anxiety construct was uniform in boys and girls. These findings confirm the reliable psychometric properties and validity of the AMAS, enabling its use in adolescents.
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1 Introduction

Mathematics anxiety (MA) can be defined as a feeling of tension, apprehension, or fear that interferes with math performance. It manifests as negative emotions when completing operations with numbers and other mathematical material (Richardson and Suinn, 1972). People with mathematics anxiety have difficulties solving arithmetic and other mathematical problems and memorizing numbers because during these activities, they experience fear or anxiety. This state can occur both in mathematics lessons and in everyday life (for example, when counting change). MA demonstrates negative associations with mathematical achievement (Dowker et al., 2016; Zhang et al., 2019). The direction of the relationship between MA and math performance has been debated, leading to several explanations (Meece et al., 1990; Ma and Xu, 2004; Ashcraft and Krause, 2007). According to the Cognitive Impairment Model (Maloney et al., 2010, 2011, 2012; Ferguson et al., 2015), or “Deficit Theories” (Carey et al., 2016), initially low level of numerical and spatial abilities or mathematical achievement leads to development of MA. However, one study does not support this hypothesis (Field et al., 2019). Another possible explanation is the debilitating anxiety model (Carey et al., 2016). This is supported by evidence that measures to reduce MA led to increased scores on subsequent math tests (Faust, 1996; Schmader et al., 2008; Park et al., 2014). Finally, the “Reciprocal Effect” hypothesis was proposed (Carey et al., 2016). According to this hypothesis, the development of basic abilities such as reasoning, number understanding and poor academic performance cause the MA, and MA may contribute to decreased academic performance. Reciprocal relationships between MA and mathematical achievement have been found in various studies (Pekrun, 2006; Ashcraft and Krause, 2007; Luo et al., 2014; Gunderson et al., 2018; Schillinger et al., 2018).

Research shows that math anxiety often correlates with general anxiety (Hembree, 1990). Moderate correlations are found by other researchers (Ma, 1999; Wang et al., 2014; Malanchini et al., 2017). The contribution of genetic differences in general anxiety to genetic differences in MA has been reported (Wang et al., 2014). Simply put, an anxious person also worries about math. However, these are different phenomena; people who are not inclined to be nervous about other things can show mathematics anxiety. In support of this fact, it has been reported that different measures of MA are more strongly correlated with each other, rather than the constructs of general and math anxiety (Ashcraft and Ridley, 2005).

In addition, some researchers believe that it is necessary to discuss subject anxiety in general or science anxiety (Mallow, 2006; Megreya et al., 2021). That is, the anxiety that manifests in different people related to different disciplines (e.g., languages or physics). However, this is only one theory. Alternatively, MA may be primarily associated with the testing context, referred to as test anxiety (Fournier et al., 2017). These states can be distinguished.

The prevalence of MA varies in different studies. Some authors have reported that one in ten individuals suffers from MA, while others have reported that almost 70% of people experience such difficulties (Richardson and Suinn, 1972; Betz, 1978; Ashcraft and Moore, 2009; Johnston-Wilder et al., 2014). Difference in estimates is related to how to divide the population for assessment (for example, which age groups), how strict an assessment criterion to use. This is due to the fact that MA is a continuous measure and agreement is required on which point should be considered the starting point for MA. In addition, differences in prevalence may be due to differences in the constructs that are measured, such as trait and state math anxiety (Orbach et al., 2020).

An important aspect of MA is the age of onset. The authors report the occurrence of math anxiety in children at the age corresponding to attending kindergarten (Lu et al., 2021). Math anxiety starts even before elementary school, but most studies have shown that it increases in severity by high school (Dowker et al., 2016). Psychophysiological studies have shown that as early as the age of 7–9 years, while learning mathematics, brain areas associated with the occurrence of MA can be activated in children (Young et al., 2012). However, gender differences in the level of MA appear later. Most studies suggest that there are no gender differences in MA in primary school children (Dowker et al., 2012; Wu et al., 2012; Harari et al., 2013). It is argued that gender differences in math anxiety appear only in adolescents. Some researchers associate differences in MA with gender stereotypes that arise in the family or society. Gender stereotypes claim that women are worse at math than men (Hembree, 1990; Beilock et al., 2007; Goetz et al., 2013). At the same time, it is important to note that men and women in countries where education is equally available to both genders demonstrate few differences in mathematics achievement (Spelke, 2005). The relationship between MA and academic achievement is mediated by different variables for males and females. In males, MA can be caused by test anxiety and basic math scores (Miller and Bichsel, 2004; Devine et al., 2012). The contribution of visuospatial memory to the structure of these relationships is tested, since the influence of MA to visuospatial memory is possible (Ganley and Vasilyeva, 2014). In addition, math anxiety may increase on average in a population with age. A possible mechanism may be the complexity of mathematical material in the classroom or the growing role of gender stereotypes and their influence on problem solving (in girls). In other words, girls, influenced by gender stereotypes, may rate their math abilities lower and may be more worried about math. Additionally, distinguishing among adolescents according to MA severity is important. In addition, math anxiety may increase with age, like other types of anxiety, which may cause an increase in anxiety disorders in adolescents (Kiessler et al., 2005). Overall, there are high demands on the measuring instrument used in adolescents.

To date, several questionnaires have been developed to identify MA. The first Mathematics Anxiety Rating Scale (MARS) was developed by Frank Richardson and Richard Suinn in 1972 as “a measure of anxiety associated with the single area of the manipulation of numbers and the use of mathematical concepts” (Richardson and Suinn, 1972, p.551). The scale consisted of 98 questions. Several variants of the MARS have been developed, including the revised MARS (MARS-R) (Plake and Parker, 1982). The MARS-R is a version of the MARS (Richardson and Suinn, 1972) consisting of 24 items about situations related to mathematics; subjects rate each item on a 5-point scale to indicate the degree of excitement, fear and nervousness. The Abbreviated Math Anxiety Scale (AMAS) was developed from the MARS-R (Hopko et al., 2003). The Abbreviated Math Anxiety Scale (AMAS) is a 9-item self-report questionnaire that measures math anxiety. The AMAS has excellent internal reliability (0.90) (Hopko et al., 2003). Each item consists of a description of an event, such as “Watching the teacher work on an algebraic equation on the blackboard,” and participants rate the anxiety induced by this event on a scale from 1 (low) to 5 (high). A high score on this questionnaire may indicate the presence of MA. The scale is intended for use in both adults and adolescents aged 11–16. The factor structure of the scale differs among different populations. The two-factor structure has predominantly demonstrated consistency. Initially, the AMAS had a two-factor structure: learning math anxiety (LMA) and math evaluation anxiety (MEA). However, a bifactorial structure has also been described, including the two factors and a common factor that encompasses them (Cohen and Limbers, 2022). Additionally, in some studies, structures involving two factors, where one of the questions applies to both, have shown high factor validity (Cipora et al., 2015, 2017; Schillinger et al., 2018; Martín-Puga et al., 2022). The AMAS was developed for school children and university students in different countries: the USA, Italy, Spain, Germany, Poland, and Serbia (Hopko et al., 2003; Cipora et al., 2015, 2017; Schillinger et al., 2018; Primi et al., 2020; Milovanović and Branovački, 2021; Cohen and Limbers, 2022; Martín-Puga et al., 2022). For an overview of known AMAS adaptations, see recent study of Martín-Puga and colleagues (Martín-Puga et al., 2022). However, the use of the AMAS has not been evaluated in Russia. Moreover, its use in adolescents to diagnose MA remains unclear. This requires an assessment of the psychometric properties of the AMAS in a sample of Russian adolescents. This can allow us to identify the presence of academic stress associated with MA in adolescents. Thus, the aims of this study were to (1) evaluate the factorial validity of the AMAS, (2) assess the reliability of the scale in a sample of Russian adolescents, (3) estimate the external validity of the AMAS, and (4) determine measurement invariance and gender differences.



2 Method


2.1 Sample

Initially, 4,218 participants completed the questionnaire. We excluded data from participants younger than 12 and those with missing data on their gender. Thus, the final sample consisted of 4,088 adolescents. The age ranged from 12 to 16 years (mean = 14.23; median = 14.0, standard deviation = 0.92). There were 1906 (47%) males and 2,182 (53%) females. The grades ranged from 7 to 9. A total of 655 adolescents were in 7th grade, 1,752 were in 8th grade, and 1,681 were in 9th grade.



2.2 Instruments

The Abbreviated Math Anxiety Scale, AMAS (9-item). The AMAS was adapted from Hopko et al. (2003). Translation, back translation and adaptation of the scale were carried out by the Laboratory of Cognitive and Interdisciplinary Research, Sirius Educational Center. It consists of 9 items, with 5 items on the learning math anxiety subscale and 4 items on the math evaluation anxiety subscale. Respondents are instructed to rate each statement in terms of how much anxiety they feel in each of the situations described. Answers are provided on a Likert scale from 1 (low anxiety) to 5 (high anxiety).

State–Trait Anxiety Inventory: trait anxiety subscale, STAI-T (Spielberger et al., 1970). This subscale is one of the subscales of the State–Trait Anxiety Inventory (STAI) developed by Spilberger. The STAI-T assesses relatively stable aspects of anxiety propensity, including general states of calmness, confidence, and security. Participants report how they usually feel. Ratings range from “almost never” to “almost always.” Translation, back translation and adaptation of the scale were carried out by the Laboratory of Cognitive and Interdisciplinary Research, Sirius Educational Center The Cronbach’s alpha coefficient for STAI-T subscale was 0.765.

Perceived Difficulty of Math (subscale of a questionnaire used in “Gender stereotypes and incremental beliefs about STEM”) (Ismatullina et al., 2022). This subscale is used to identify difficulties associated with the study of mathematics reported by adolescents. This scale includes 4 items (“I usually do well in math” (reverse-coded), “Math is harder for me than for many of my classmates,” “Studying math gives me anxiety,” and “Math is harder for me than other subjects”). Participants rate all items on the same 4-point Likert scale (with 2 negative and 2 positive ratings). Cronbach’s alpha (0.8) of the scale indicated good internal consistency.



2.3 Procedure

The data were collected during online testing conducted in the classroom at school. Parental consent for adolescents to participate in testing was obtained. The study was approved by the Ethics Committee of the Psychological Institute of the Russian Academy of Education.



2.4 Statistical analysis

Data analysis was performed using R 4.2.1 version (descriptive statistics, confirmatory factor analysis, evaluation of internal consistency, evaluation of gender differences, correlation analysis) and JASP (structural equation modeling for measurement invariance). Confirmatory factor analysis (CFA) was used to examine the factor structure of the AMAS. The fit of the model to the empirical data was tested using a number of criteria. Good model fit was defined by a standardized root mean square (SRMR) of <0.08, Tucker–Lewis index (TLI) values close to 1, comparative fit index (CFI) >0.95, and root mean square error of approximation (RMSEA) <0.08 (Hu and Bentler, 1999; Byrne, 2001; Kline, 2005; Brown, 2006). For the CFA, the WLSMV estimator was used. Cronbach’s alpha was used to assess internal consistency. Alpha values above 0.7 were used to indicate good internal consistency (Nunnally, 1978). Spearman’s correlation analysis was applied. An independent-sample t-test was performed to evaluate differences between the genders. The configural and metric invariance using the “auto” estimator in the SEM function in JASP was evaluated. Fit indices such as ΔCFI and ΔRMSEA were assessed. Configural invariance was assessed by CFI and RMSEA. ΔCFI <0.010 and ΔRMSEA <0.015 indicated metric invariance (Cheung and Rensvold, 2002; Chen, 2007).




3 Results


3.1 Descriptive statistics

During the analysis, descriptive statistics were calculated. The results are presented in Table 1. LMA was less pronounced than MEA. Overall, the AMAS scores exhibited positive skew. Pearson’s correlation coefficient of the relationship between LMA and MEA scores was 0.50.



TABLE 1 Descriptive statistics for LMA, MEA, and AMAS total scores.
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3.2 Confirmatory factor analysis and internal consistency

Four models were verified: one-factor, two-factor, bifactor (with two factors and a general factor) and second-order factor model in which two specific factors were correlated with the general factor. The following goodness-of-fit indices of CFA models were observed: for one-factor model χ2 (113465.405) = 4129.798, p < 0.001, CFI = 0.964, TLI = 0.952, SRMR = 0.150, RMSEA = 0.193, 90% CI [0.188; 0.198]; for two-factor model χ2 (113465.405) = 1232.147, p < 0.001, CFI = 0.989, TLI = 0.985, SRMR = 0.078, RMSEA = 0.107, 90% CI [0.102; 0.112]; for bifactor model χ2 (113465.405) = 166.964, p < 0.001, CFI = 0.999, TLI = 0.997, SRMR = 0.029, RMSEA = 0.045, 90% CI [0.039; 0.051]; for second-order factor model χ2 (113465.405) = 110.848, p < 0.001, CFI = 0.999, TLI = 0.998, SRMR = 0.023, RMSEA = 0.040, 90% CI [0.033; 0.047]. As can be seen, the second-order factor model provided the best fit. Factor loadings of AMAS items are presented in Table 2.



TABLE 2 Standardized factor loadings of the second-order factor model.
[image: Table2]

Cronbach’s alpha was evaluated to assess internal consistency. Cronbach’s alpha was 0.89 for LMA, 0.84 for MEA, and 0.88 for the general scale.



3.3 Construct validity

Spearman’s correlation analyses were conducted for the relationships of the AMAS Total score with STAI-T scores and Perceived Difficulty of Math in the sample of 2,434 participants. Significant correlations were observed between AMAS Total and STAI-T scores (r = 0.38, p < 0.001), between LMA and STAI-T scores (r = 0.34, p < 0.001), between MEA and STAI-T scores (r = 0.32, p < 0.001), between AMAS Total and Perceived Difficulty of Math (r = 0.27, p < 0.001), between LMA and Perceived Difficulty of Math (r = 0.24, p < 0.001), between MEA and Perceived Difficulty of Math (r = 0.22, p < 0.001).



3.4 Gender differences and measurement invariance across genders

First, gender differences were analyzed. The results are presented in Table 3. Overall, girls reported higher math anxiety, which is consistent with previous studies. Second, measurement invariance was analyzed. Measurement invariance across genders was evaluated to assess the applicability of the AMAS in both male and female groups. Initially, the model parameters were estimated for each gender, i.e., configural invariance was tested. This model may be useful to understand whether our second-order factor model is applicable to the comparison of groups. Next, metric invariance was tested. It means that the factor loadings between groups are the same, i.e., the relationship between latent variable scores and items is similar between compared groups. This test answers the question of whether the difference in model fit between the two models is significant. In other words, the null hypothesis that the factor loadings are equal for both genders is tested. Model 1 (Table 4) demonstrates configural invariance with a good fit to the data (CFI = 0.999, RMSEA = 0.042). Model 2 was used to evaluate metric invariance and demonstrated a good fit to the data (ΔCFI = 0.001, ΔRMSEA = 0.004). However, p < 0.001 indicates that the null hypothesis should be rejected. Thus, our data demonstrate gender invariance in the Model 1 (configural invariance).



TABLE 3 Gender differences and descriptive statistics for LMA, MEA, and AMAS total scores.
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TABLE 4 Model fit indices for measurement invariance across gender groups.
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4 Discussion

In this study, the psychometric properties of the AMAS were tested in a large sample of Russian adolescents in grades 7–9. This is the first large-scale study on AMAS psychometric properties conducted in Russia.

First, we examined the factor validity of the AMAS. We tested four models previously described in studies of this scale: one-factor, two-factor, bifactor, and second-order factor models. The second-order factor model showed the best fit to the empirical data. Thus, the structure of the questionnaire is described by two scales: LMA and MEA. In this model the scales correlated with the general scale of mathematics anxiety. This factor structure has been described by a number of other studies in both children and adults (e.g., Sadiković et al., 2018; Cohen and Limbers, 2022). Given that the model not only demonstrated a good empirical fit to the data, but also was consistent with theoretical concepts of a two-factor structure, and that the correlated factor model was supported by other studies (Martín-Puga et al., 2022), it was selected as the best suitable. Thus, the results obtained from a sample of Russian adolescents are consistent with the results of studies conducted in other countries. In this case, items scores were distributed in the expected manner. The latent construct of learning anxiety, as measured by the LMA subscale, included Items 1, 3, 6, 7, and 9. The latent construct of test anxiety, described by the MEA subscale, consisted of Items 2, 4, 5, and 8.

The internal consistency of the AMAS was high, as assessed using Cronbach’s alpha coefficient. This result suggests that the AMAS can be applied in adolescents aged 13–16 years.

The construct validity of the AMAS was assessed using two scales. One of them was the STAI-T, a scale that is classically used in research to assess trait anxiety. Previous study of Cipora and colleagues has shown that trait and math anxiety are correlated (Cipora et al., 2015). This is consistent with our findings that the AMAS and STAI-T scores were correlated at r = 0.32–0.38. The correlation was weak but significant. Similar correlation magnitudes have been obtained in the study by Cipora and colleagues (Cipora et al., 2015). Another scale, Perceived Difficulty of Math, also showed weak (r = 0.22–0.27) but significant correlations with the AMAS scores. A possible explanation of weak correlation may be that the Perceived Difficulty of Math Scale includes not only the anxiety component but also other constructs (in particular, self-esteem). However, the correlations were expectedly positive and show a direct relationship between the constructs. In general, the obtained results support the construct validity of the AMAS on the basis of significant positive correlations between AMAS and STAI-T, AMAS and Perceived Difficulty of Math Scale.

An assessment of gender differences showed that girls had higher scores on all three scales. Significant differences were obtained on the all three scales of mathematics anxiety. Girls tended to be more anxious than boys in testing contexts and, in general, had more severe mathematics anxiety. This is consistent with previous studies on this topic (Szczygiel, 2020). On the other hand, girls demonstrated higher anxiety in learning situations, for example, at the lessons. In general, women and girls report higher anxiety (Xie et al., 2019). This also applies to trait anxiety and specific types of anxiety, such as object and test anxiety (Hembree, 1990; Ashcraft et al., 1998). Mathematics anxiety is also more pronounced in women. Moreover, extreme manifestations of anxiety associated with the development of anxiety disorders are also observed more often in women. Such differences are explained, on the one hand, by biological reasons (in particular, gender differences in the brain) (McLean and Anderson, 2009). On the other hand, social causes may also play a role. For example, the development of anxiety can be influenced by gender stereotypes (Tomasetto, 2019). Thus, stereotypes may be a possible explanation of negative perceptions in girls about their success in mathematics. In turn, these representations can trigger anxiety when solving mathematical problems. Math anxiety can predict future math achievement in females in comparison with males (Casanova et al., 2021). However, the construct of mathematics anxiety itself did not differ between boys and girls. This conclusion is supported by the demonstrated gender invariance. Our results indicate configural invariance across genders. This means that the model describing AMAS is suitable for both genders.

А possible limitation of this study may be the lack of assessments of test–retest reliability. Future research could develop norms for this scale. Another limitation is related to the deficit of measurements in Russian that may be used for external validation. Thus, the further direction of research may include development of other instruments for MA estimation. Among possible measurements for this aim state MA questionnaire (Orbach et al., 2020), express one-item scale (Núñez-Peña et al., 2014) or physiological assessment (Haase et al., 2019) may be designed.

To sum up, the psychometric properties of the AMAS suggest that it can be used to measure mathematics anxiety in Russian adolescents aged 13–16 years. This was confirmed by the high internal consistency and factor validity. In the present study, gender differences were observed, which are similar to those previously reported. Gender invariance was demonstrated, suggesting that the construct of mathematics anxiety in boys and girls is similar. In general, the results obtained are consistent with reports on AMAS scores in other countries. This expands our knowledge of the construct of mathematics anxiety in populations around the world and suggests opportunities to use the AMAS in cross-cultural studies. In general, these findings contribute to the improvement of mathematical education.
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