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There is a long-standing debate regarding the magnitude of gender differences in academic achievement. Using
data from a robust and nationally representative sample of 146,227 Italian-fifth-graders, we investigated whether
academic anxiety is related to gender differences in mathematics and reading achievement. Across six inde-
pendent samples, boys had higher performance in mathematics (ds = —0.13 to —0.21) and girls had higher
performance in reading (ds = 0.07 to 0.21) and higher test anxiety (ds = 0.30 to 0.37). Meta-analytic procedures
indicated these patterns were stable across samples. Path analyses within and across samples suggested about
one-third of the academic gender gaps can be accounted for by test anxiety. In particular, with control of test
anxiety girls’ advantage in reading achievement increased, while boys’ advantage in mathematics decreased.
Educational statement: The current study provides an extensive exploration of how test anxiety potentially in-
fluences gender differences in mathematics and reading achievement. Test anxiety appears to lower girls’ per-
formance on achievement tests and thus underestimating their advantages in reading and overestimating boys’
advantages in mathematics. One implication is that efforts to reduce test anxiety will enhance performance on
achievement tests, especially for test-anxious girls, and through this provide more accurate estimates of academic
competencies.

1. Introduction

Academic learning presents significant challenges for many students,
including a spectrum of emotions associated with successes, failures,
and test taking (Pekrun & Linnenbrink-Garcia, 2014). These affective
components appear to influence students’ achievement-related out-
comes (Camacho-Morles et al., 2021; Caviola et al., 2022; Cheng &
McCarthy, 2018 and Loderer et al., 2020). Generally, positive emotions
like enjoyment of learning are associated with achievement gains and
negative emotions such as boredom with relatively poor achievement
(Goetz & Hall, 2013; Pekrun & Linnenbrink-Garcia, 2014). For many
students, achievement testing can trigger considerable anxiety (Robson

et al., 2023; Seipp, 1991; von der Embse et al., 2018), especially in
difficult areas such as mathematics (Barroso et al., 2021; Caviola et al.,
2022). Much of this research has focused on high school and college
students (Efklides & Volet, 2005; Linnenbrink, 2006; Linnenbrink-Gar-
cia & Pekrun, 2011; Schutz & Pekrun, 2007), although recent studies
have focused on younger students’ achievement-related emotions. Even
so, for these students less is known about how achievement-related
emotions influence academic outcomes than for older students (Hill
et al., 2016; Ganley & McGraw, 2016; Sorvo et al., 2017; Szczygiet &
Pieronkiewicz, 2022; Wu et al., 2012).

To address this gap, the relation between test anxiety and mathe-
matics and reading achievement was assessed across six independent
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cross-sectional waves of nationally representative samples of fifth-grade
Italian children (n = 146,227). The primary goal was to attempt to
replicate gender differences in test anxiety and, secondly, to determine
whether any such differences might be related to the magnitude of boys’
advantage in mathematics and girls in reading attainment. The avail-
ability of six large, independent samples offered a unique opportunity to
examine the replicability of these gender differences and use meta-
analytic techniques to provide a more reliable estimate of these effects.

1.1. Test anxiety and academic achievement

Test anxiety manifests as distress and apprehension associated with
taking tests and exams, including concerns about failing and the po-
tential negative consequences that may follow (Zeidner, 1998). It is
often conceptualized as a situation-specific personality trait (trait test
anxiety; Spielberger et al., 1976), though it can also manifest as a
temporary emotional reaction before or during a specific exam (state
test anxiety). Test anxiety often increases across grades as academic
demands grow (Huberty, 2012; Putwain, Gallard, et al., 2021), but does
not always compromise academic performance. At lower levels, anxiety
and accompanying physiological changes can enhance performance by
sharpening focus and facilitating memory retrieval, as highlighted by
the Yerkes-Dodson Law (Jeanneteau & Coutellier, 2022; Yerkes &
Dodson, 1908). However, excessive anxiety can undermine memory
(Lupien et al., 2007) and can divert attentional focus from the academic
task to irrelevant thoughts (e.g., concerns about failure) and undermine
motivation to learn (Derakshan & Eysenck, 2009; Eysenck et al., 2007;
Eysenck & Calvo, 1992). While test anxiety is distinct from other aca-
demic anxieties, such as mathematical anxiety (Caviola et al., 2022), it
shares a multidimensional structure composed of cognitive, emotional,
and physiological components (Lowe, 2014; Putwain, Gallard, et al.,
2021, Putwain, Stockinger, et al., 2021, Putwain, von der Embse, et al.,
2021). A widely adopted framework distinguishes between “worry” and
“emotionality” (Liebert & Morris, 1967). The former refers to
performance-related concerns and fear of failure, often involving
negative self-evaluation, whereas the latter encompasses physiological
arousal and emotional tension in evaluative contexts.

Pekrun’s (2006) control-value theory (CVT) provides a taxonomy of
academic emotions and describes how control and value appraisals can
act as antecedents of these emotions (Bosshard & Gomez, 2024). Control
appraisals include students’ achievement-related competence beliefs,
expectancies, and attributions, and value appraisals to the perceived
importance of a school activity or outcome. Within this framework,
achievement emotions are categorized across valence (positive vs.
negative), level of physiological arousal (activating vs. deactivating),
and focus (e.g., learning tasks) (Pekrun, 2006). Thus, anxiety is an un-
pleasant, outcome-oriented, and activating emotion and often manifests
as test anxiety (e.g., Putwain, Gallard, et al., 2021; Putwain, Stockinger,
et al., 2021; Putwain, von der Embse, et al., 2021). Generally speaking,
anxious students have lower self-perceptions of their academic abilities
compared to their less-anxious peers (Ahmed et al., 2012; Donolato
et al., 2020; Nie et al., 2011; Putwain et al., 2010) and experience more
difficulty in complex subjects, such as mathematics (Foley et al., 2017;
Galla & Wood, 2012; Putwain, 2008; von der Embse & Witmer, 2014).
This frequently undermines academic motivation (Cizek & Burg, 2006;
Malanchini et al., 2017) in ways that can increase risk of school dropout
(Cassady et al., 2022) with repercussions in their later working life
(Choe et al., 2019; Hasty et al., 2021; Ramirez et al., 2018).

1.2. Meta-analytic findings for anxiety, educational outcomes, and
gender differences

Several studies have identified a link between anxiety and compro-
mised educational outcomes, alongside less positive academic attitudes
and an increased risk for depression. Mandler and Sarason (1952) pro-
vided the earliest evaluation of test anxiety, but it did not gain
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prominence until Hembree’s (1988) pivotal meta-analysis. They
concluded that test anxiety, along with other forms of anxiety, consis-
tently correlates with worse educational outcomes, reduced self-esteem,
self-confidence, and generally lower academic motivation. Moreover,
their results indicated that girls tend to experience higher anxiety than
boys, with this disparity growing across grades. While this meta-analysis
provided valuable insights into the association between test anxiety and
gender differences in performance, it is important to exercise caution
due to the primarily correlational nature of these studies (Geary et al.,
2019). Although fewer in number, longitudinal studies suggest a recip-
rocal relation between test outcomes and anxiety can develop over time
(Pekrun et al., 2017a, 2017b; Pekrun et al., 2023a, 2023b; Putwain &
Wood, 2023), whereby academic struggles increase anxiety and the
anxiety in turn reduces engagement with schooling that leads to further
academic issues.

In any case, subsequent research has largely corroborated Hembree’s
(1988) original conclusions (see also Seipp, 1991). For example, von der
Embse et al.” (2018) recent review and meta-analysis confirmed a
negative relationship between test anxiety and many educational out-
comes, including performance on standardized tests and university
entrance exams. The correlations ranged from moderate to large (rs =
—0.16 to —0.40). The meta-analysis also confirmed that girls consis-
tently report higher test anxiety than boys across all grade levels (r =
0.21). More recently, Robson et al.” (2023) comprehensive analysis of
primary school children again showed a negative correlation between
test anxiety and academic achievement for both mathematics (r =
—0.21) and literacy (r = —0.20). The study also confirmed that girls
exhibit higher test anxiety than boys (Cohen’s d = 0.21 but d = 0.08 with
adjustment for publication bias), with related studies showing this
pattern to be robust across educational contexts and developmental
stages (Talbot, 2016; Wigfield et al., 2015). These consistent gender
differences in test-related emotional experiences may help explain
broader patterns of academic performance.

1.3. Gender differences in mathematics and reading literacy

Gender differences in academic achievement have been well docu-
mented across a variety of domains, particularly in mathematics and
reading. Girls consistently outperform boys in reading, whereas boys
often have an advantage in mathematics. These performance differences
are observed internationally and may be related, in part, to girls’ higher
test anxiety, particularly in mathematics (Cassidy & Johnson, 2002;
Deieso & Fraser, 2018). As an example, stable and substantial differ-
ences favoring girls in the USA have been consistently observed in
reading, and particularly in writing (Reilly et al., 2019; see also Halpern
& LaMay, 2000; Hedges & Nowell, 1995; Lynn & Mikk, 2009; Reilly
2012; Reilly et al., 2016; Stanley et al., 1992). Similarly, analyses of USA
NAEP data by Reilly et al. (2015) indicate that while boys slightly
outnumber girls at the advanced level in mathematics in fourth and
eighth grades, this disparity is larger, especially for reading and math-
ematics as academic strengths, in older students (Stoet & Geary, 2018,
2020).

Despite being a highly developed nation, Italy has significant gender
disparities, particularly in women’s and men’s economic participation
and opportunities. According to the World Economic Forum (2023),
Italy ranks 79th out of 146 countries in the Global Gender Gap Index,
assessing gender equality across economic, political, educational do-
mains. In other words, Italy is highly developed economically but lags
other highly developed nations in gender equality and generally shows
larger gender differences in achievement. Giofre et al. (2020) analyzed a
large cohort of over 13 million primary students, assessed by the
INVALSI (Istituto Nazionale per la VALutazione del Sistema di Istruzione
[National Institute for the Assessment of the Instruction System]), in
mathematics and reading. They found boys consistently outperformed
girls in mathematics, with the gap widening from second to eighth
grade. Conversely, girls consistently outperformed boys in reading
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across all grade levels, and their advantage also increased across grades.

1.4. Aims and hypotheses

In the current study, we examined gender differences in test anxiety
in the context of high-stakes assessments and examined whether it is
related to the gender gaps in mathematics and reading. Given the
correlational nature of our data, the aim was not to infer causality but
rather to provide a more accurate estimation of the associations between
test anxiety levels and performance in both mathematics and reading on
the INVALSI assessments. We hypothesized that girls would perform
better in reading and have higher test anxiety, while boys would
perform better in mathematics. The novel contribution here is the
assessment of whether academic gender differences are reduced (in
mathematics) or amplified (in reading) after controlling for test anxiety.
To this end, we analyzed data from six large, representative samples of
Italian fifth graders. We used multilevel path analyses, which allowed us
to control for the stratification of the sample, while at the same time
obtaining reliable estimations of the relation between gender differences
in test anxiety and gender differences in reading and mathematics.
Finally, meta-analyses across results from the independent samples were
used to generate more reliable estimates. To the best of our knowledge,
this statistical approach, which allows us to control several important
confounding variables, has not been used previously.

2. Methods
2.1. Participants

A sample of 147,482 5th graders who were assessed by the INVALSI
between the academic years 2011/2012 and 2016/2017, inclusive.
These data only include students in classes that were monitored by
members of the INVALSI committee, which ensures higher data reli-
ability and reduces cheating. Given the study’s focus on gender differ-
ences, we included only students who reported their sex as either male
or female. A total of 72 students (0.05 %) were excluded for not meeting
this condition. Additionally, we excluded 1,183 students who did not
have complete scores for math, reading, or anxiety. Specifically, 2 % of
students from the 2011/2012 academic year were excluded due to
missing data, while for all other academic years, less than 1 % of par-
ticipants were excluded for this reason. As shown in Table 1 the final
sample included 146,227 students (73,670 males; 72,557 females), with
a minimum of 19,383 students in each assessment year. Students were
sampled from between 971 and 1642 schools located in 85 to 103 Italian
provinces. The median number of students per school varied between 18
and 19 for each year of data collection.

2.2. Materials

The INVALSI are standardized national tests administered at several
key stages of the Italian education system to evaluate student compe-
tencies in reading, mathematics, and English. It takes place annually in
April or May and is administered under controlled conditions in the
classroom. Assessments are tailored to each grade level, aligning with
national curricular requirements. In Italy, the majority of schools are
public, and the Ministry of Education sets national guidelines, educa-
tional goals, and standards for these institutions. Fifth-grade students
complete their final year of elementary school before transitioning to
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middle school (primary education level). Their curriculum covers core
subjects like Italian, mathematics, science, history, geography, English,
and physical education, with an emphasis on digital literacy. Classes
typically range from 15 to 25 students, and assessments include written
tests, oral exams, group projects, and teacher evaluations.

For fifth graders, the exam is paper-based, and completed during
school hours, with each subject examined separately. The mathematics
and reading tests each last 75 min. Teachers supervise the process but do
not help, and external inspectors may be present to ensure procedural
compliance. While individual student performance does not directly
impact academic progression, schools are evaluated based on their
overall results, often leading to considerable concern among teachers.
Consequently, although the test is not officially classified as high-stakes,
it assumes high-stakes characteristics. Each response is coded as either
correct (1) or incorrect (0). For both mathematics and reading, the items
are created based on IRTs. Information and test examples are provided
below (more information and sample tests are available on the INVALSI
Area Prove).

2.2.1. Mathematics

The INVALSI mathematics test, modeled after the PISA assessment,
consists of a single booklet with 30 to 40 multiple-choice and open-
ended questions. These assess arithmetic and problem-solving, geome-
try, measurement, and data interpretation, with items presented in
random order.

Arithmetic and Problem-solving. Tasks involve basic operations, frac-
tions, and word problems requiring logical reasoning. For example,
“Giulia has 450 stickers. She gives 175 to her friend and receives 230
more from another friend. How many stickers does Giulia have now?”.
Other items assess pattern recognition and proportional reasoning, e.g.,
“Look at the sequence: 2, 4, 8, 16... What is the next number in this
pattern?”. Geometry. Items test knowledge of perimeters, symmetries,
and shape properties. For instance, “A rectangular garden measures 8
meters in length and 6 meters in width. What is the perimeter of the
garden?”. Measurement and data interpretation. Tasks involve unit con-
versions, interpreting graphs using tools like goniometers, and under-
standing fundamental statistical concepts. For example, “A classroom
has 20 students. If 40% of the students bring their lunch from home, how
many students buy their lunch at school?”

2.2.2. Reading

The INVALSI evaluates the essential literacy skills of Reading
Comprehension and Grammar. The test consists of 30 to 40 questions,
including a mix of multiple-choice, true/false, and open-ended formats.
The overall goal is to evaluate students’ proficiency in Italian, ensuring
they are well-prepared for future academic challenges. Unlike the
mathematics assessment, which is more integrated, reading compre-
hension and grammar are assessed in separate sections and cover
distinct content areas.

2.2.2.1. Reading comprehension. This assesses students’ ability to
interpret different kinds of texts, such as narrative or informative, by
understanding the main ideas, inferring meanings from context, and
recognizing the structure and organization of the text. Questions might
involve identifying the theme of a passage or the implications of specific
words and phrases within the context.

2.2.2.2. Grammar. This assesses students’ understanding of syntactic

Table 1

Boys, girls, and total participants at each year of data collection.
Academic year 11/12 12/13 13/14 14/15 15/16 16/17 Total
Boys 14,618 11,949 12,425 9,854 12,558 12,266 73,670
Girls 14,714 11,931 12,240 9,529 11,967 12,176 72,557
Total 29,332 23,880 24,665 19,383 24,525 24,442 146,227
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structures and the correct application of language mechanics, with
example questions often requiring the selection of grammatically correct
sentences or correcting errors in a given text. It is worth noting that in
Italy grammar is generally taught in every school, and is a national
requirement.

2.2.3. Test anxiety

Test anxiety is often assessed through trait-like self-report ques-
tionnaires. Conversely, when individuals report test-related emotions
tied to specific moments before, during, or after an exam, these emotions
are considered state test anxiety. The questionnaire is composed of four
items focused on state anxiety related to academic testing. Responses
were on a 4-point Likert scale, ranging from 1 (“totally disagree”) to 4
(“totally agree”): “Before taking the test, I felt worried”; “I was so ner-
vous that I couldn’t find the answers”; “During the test, I had the
impression I was having difficulty”; and, “I felt calm while taking the
test” (reversed coded). Higher score indicates greater anxiety. Reli-
ability was measured using Cronbach’s alpha, and ranged from 0.71 to
0.78.

2.3. Statistical analysis

All analyses were conducted using R, version 4.3.1 (R Core Team,
2023). Performance on mathematics, reading, and test anxiety scores
were standardized (M = 0, SD = 1). Pearson’s correlations were calcu-
lated for each year of data collection.

To summarize the findings across the six years of data collection, we
adopted a meta-analytical approach. Initially, we calculated the stan-
dardized difference in anxiety between boys and girls (Cohen’s d), as
well as the correlations between anxiety and mathematics and reading
performance for each year. We then conducted three different random-
effects meta-analytic models: one for sex differences in anxiety to sum-
marize the six Cohen’s ds, one to summarize the six correlations between
anxiety and mathematics, and one to summarize the six correlations
between anxiety and reading. Each year was thus treated as an inde-
pendent study within a classic meta-analysis framework, allowing us to
summarize the results of each data collection year into the three main
effects of interest. For the meta-analysis of the correlation coefficients,
all correlations (r) were converted into Fisher z values, and we provide
the average Fisher r-to-z transformed correlation values. Mu (1) values,
the meta-analytic standardized difference between boys and girls, is
provided for gender differences in test anxiety. Tau (t) values, which are
the estimated standard deviation of true effects across studies, were also
reported for each meta-analysis.

We then followed a series of steps for the path analysis that estimated
whether test anxiety mediated gender differences in mathematics and
reading performance. For each year, we conducted two multilevel path
analytic models, treating schools as random factors. The first model only
accounted for the effect of gender on the two outcome varia-
bles—mathematics and reading—while the effect of test anxiety was set
to zero. In the second model, gender predicted both achievement mea-
sures and anxiety levels, and test anxiety was allowed to freely mediate
the effect of gender on performance.

We were also interested in estimating how gender differences in
mathematics and reading performance change when test anxiety is
(model 2) or is not considered (model 1). However, the raw differences
between the betas from models 1 and 2 can only be manually calculated,
as this difference does not have an associated error term. We imple-
mented a bootstrap procedure to estimate standard errors. Specifically,
each model was bootstrapped 1,000 times for each year. During each
replication, the difference between the first and the second model was
calculated. For each year, the mean difference of the bootstrap distri-
bution was then used as the point estimate, and its standard deviation
was taken as the associated standard error. Finally, the effects calculated
for each cohort were meta-analyzed using random effects models to
provide a generalized estimate of each f and their associated standard

Learning and Individual Differences 122 (2025) 102726

errors derived from the path analysis.
3. Results

Table 2 shows the minimum and maximum correlations (across
years) for the key variables. Girls reported higher levels of test anxiety
and had an advantage in reading, whereas boys had an advantage in
mathematics. Test anxiety was negatively correlated with mathematics
and reading performance.

3.1. Gender differences in test anxiety

Girls consistently reported higher test anxiety, with effect sizes
(Cohens d) ranging from 0.30 to 0.37 (Fig. 1). The meta-analytic stan-
dardized difference derived from the random-effects model was i =
0.33, 95%CI [0.31; 0.35], z = 0.02.

3.2. Correlations between test anxiety and mathematics and reading
performance

The correlations between test anxiety and mathematics ranged from
—0.27 to —0.15 (Fig. 2, panel A). The average Fisher r-to-z transformed
correlation derived from the random-effects model was —0.21, 95%CI
[—0.24; —0.18], T = 0.04. The correlations between anxiety and reading
ranged from —0.21 to —0.12 (Fig. 2, panel B). The average Fisher r-to-z
transformed correlation from the random-effects model was —0.18, 95%
CI [-0.21; —0.15], t = 0.04.

3.3. Multilevel path analysis

The results from the multilevel path analyses are entirely reported
online in Table SO1. These results are also meta-analytically summarized
and illustrated in Fig. 3 and Fig. 4. All parameters are unstandardized
beta coefficients (). Given that standardized z-scores were used for the
quantitative variables, these can be interpreted as standardized co-
efficients. Coefficients for gender differences can be interpreted as
standardized mean differences (Cohen’s ds).

The first set of models (i.e., without the mediation of test anxiety)
indicated that girls had consistently lower performance in mathematics,
with beta coefficients ranging from —0.21 to —0.13, and higher per-
formance in reading, with coefficients from 0.06 to 0.19 (Table S01).
However, the second set of models (i.e., with the mediation of test
anxiety) revealed that girls’ disadvantage in mathematics was less pro-
nounced, with coefficients between —0.14 and —0.08, and their reading
advantage more pronounced, ranging from 0.13 to 0.25 (Table S01).

Both mathematics and reading were negatively related to test anxiety
levels, especially in girls, with coefficients from —0.30 to —0.36 (Table
S01). Notably, the indirect effects calculated in the second set of models
suggested that girls’ performance in both subjects was partially and
negatively affected by test anxiety compared to that of boys, with betas
ranging from —0.05 to —0.08 (Table S01). To sum up, all models
consistently revealed similar patterns: girls exhibited higher levels of
test anxiety, which in turn was negatively related to their performance
in both mathematics and reading performance. There were also notable
differences in performance between boys and girls, with boys achieving

Table 2
Range of cross-year correlations (min and max).

Test Anxiety Sex Mathematics
Test Anxiety -
Sex [0.15; 0.18] -
Mathematics [-0.15; —0.26] [-0.06; —0.10] -
Reading [-0.12; —0.21] [0.03; 0.10] [0.45; 0.68]

Note. Girls were coded 1 and boys 0. Thus, positive correlations mean higher
scores for girls. Point-biserial correlations were computed for gender.
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Academic year Beta [95% CI]
2011/2012 —=m—  0.37[0.34, 0.39]
2012/2013 —— 0.34[0.31, 0.37]
2013/2014 —— 0.31[0.28, 0.33]
2014/2015 —_ 0.30[0.28, 0.33]
2015/2016 i 0.33[0.30, 0.35]
2016/2017 —— 0.31[0.29, 0.34]
RE Model R 0.33 [0.31, 0.35]
T T T 1
0 0.1 0.2 0.3 0.4

Gender difference in anxiety

Fig. 1. Standardized gender differences in test anxiety and associated meta-analytic estimates.
Note. Positive values indicate higher test anxiety in girls. The size of the square represents the study weight: studies (yearly samples in our case) with smaller standard
errors and somewhat larger sample sizes are given more weight in the calculation of the pooled effect size in the meta-analytic random effect model.

A

Academic year Beta [95% €]
2011/2012 - -0.15 [-0.16, -0.14]
2012/2013 . -0.27 [-0.28, -0.25]
201372014 5 -0.22 [-0.24, -0.21]
2014/2015 —— -0.23 [-0.25, -0.22]
2015/2016 - -0.18 [-0.19, -0.17]
201672017 i -0.21 [-0.23, -0.20]
RE Model —— -0.21 [-0.24, -0.18]
I 1 1 I
-0.4 -0.3 -0.2 -0.1 0

Math-anxiety correlation (z)

Academic year Beta [95% CI]
2011/2012 B 3 -0.12 [-0.13, -0.11]
2012/2013 - -0.21 [-0.23, -0.20]
2013/2014 - -0.20 [-0.22, -0.19]
2014/2015 -t -0.20 [-0.22, -0.19]
2015/2016 i -0.16 [-0.17, -0.15]
2016/2017 . -0.20 [-0.22, -0.19]
RE Model e — -0.18 [-0.21, -0.15]
\ T \ T
-0.4 -0.3 -0.2 -0.1 0

Read-anxiety correlation (z)

Fig. 2. Meta-analytic correlation between test anxiety and mathematics (panel A) and reading (panel B).

Note. The negative betas indicate higher test anxiety is associated with lower achievement scores. The size of the square represents the study weight: studies (yearly
samples in our case) with smaller standard errors and somewhat larger sample sizes are given more weight in the calculation of the pooled effect size in the meta-
analytic random effect model.

higher scores in mathematics and lower scores in reading. Importantly, the other variables for each academic year, we summarized the results
these gender disparities in mathematics decreased, while those in comparing models with and without control of test anxiety using a meta-
reading increased, when the effect of test anxiety was considered. analytic procedure. We also assessed changes in the magnitude of the

gender differences in mathematics and reading performance, with con-
trol of test anxiety (Table S02).

The initial set of meta-analytic models confirmed that boys out-
performed girls on the mathematics test, 5 = —0.17, 95%CI [—0.20;

3.4. Meta-analytical synthesis

After estimating the standardized association between gender and
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Math Reading
Al .

Academic year Beta [95% CI] Academic year Beta [95% CI]
2011/2012 il -0.13[-0.14,-0.11] 2011/2012 —— 0.19[0.17,0.22]
g 2012/2013 —— -0.20[-0.22,-0.17] 2012/2013 ——— 0.15[0.13,0.18]
ks 2013/2014 —.— -0.16[-0.18,-0.13) 2013/2014 —l— 0.16[0.14,0.18]
-"é 20142015 +—— -0.21[-0.23,-0.18] 2014/2015 —— 0.06 [0.04, 0.09]
‘g‘ 20152016 —-— -0.17 [-0.19,-0.15] 20152016 — 0.14[0.12,0.16]
.;:’ 2016/2017 —-— 0.19[-0.21,-0.16] 2016/2017 —— 0.10[0.07, 0.12]
RE Model g -0.17 [-0.20,-0.15) RE Model —————— 0.13[0.10,0.17]
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Fig. 3. Meta-analytic gender effects on math and reading performance without (above) and with (below) the mediating effect of anxiety.
Note. The size of the square represents the study weight: studies (yearly samples in our case) with smaller standard errors and somewhat larger sample sizes are given
more weight in the calculation of the pooled effect size in the meta-analytic random effect model.

A]

Gender

Reading

Gender

Anxiety

Reading

Fig. 4. Relations between gender and performance without (Panel A) and with
(Panel B) control of test anxiety. The figures report the path models with meta-
analytic estimates and confidence intervals.

Note. Positive paths indicate higher scores for girls. Results of the individual
path models are reported online (Table S01).

—0.15], 7 = 0.03 (Fig. 3, panel A), and girls outperformed boys on the
reading test, § = 0.13, 95%CI [0.10; 0.17], = = 0.05 (Fig. 3, panel B).
After controlling for gender differences in test anxiety (second set of
models), boys’ advantage in mathematics decreased, f = —0.11, 95%CI

[-0.13; —0.09], = = 0.02 (Fig. 3, panel C), and girls’ advantage in
reading increased, = 0.20, 95%CI [0.16; 0.23], 7 = 0.04 (Fig. 3, panel
D). The meta-analytic results confirmed girls’ higher test anxiety levels,
S = 0.32, 95%CI [0.31; 0.34], and revealed it is associated with lower
performance in mathematics, # = —0.20, 95%CI [—0.23; —0.16], and
reading, # = —0.20, 95%CI [—0.22; —0.17]. The path models with the
meta-analytic estimates and their confidence intervals are represented
in Fig. 4.

Comparisons of the path analytic models without (Fig. 4, panel A)
and with (Fig. 4, panel B) control of test anxiety show changes in the
magnitude of the achievement gaps. Incorporating test anxiety
decreased boys’ advantage in mathematics by 0.07 points, A = 0.07
[0.06; 0.08], and increased girls’ advantage in reading by 0.06 points,
Ap = —0.06 [—0.07; —0.06]. Disparities between gender differences in
the two models are summarized in an online table (Table S02). Overall,
gender differences in mathematics and reading performance remained
significant, indicating that test anxiety was a partial mediator.

3.5. Additional analyses

In the INVALSI the mathematics assessment is organized into
different content categories: Arithmetic and Problem-solving, Geometry,
and Measurement and Data Interpretation. These categories are assessed
collectively, providing an overall measure of mathematical literacy
without isolating individual content areas. In many cases, there is sub-
stantial overlap between content areas. In contrast, the reading assess-
ment evaluates distinct dimensions of reading literacy. A clear
distinction is made between reading comprehension and grammar
which are assessed through separate test sections. Given this distinction,
we further examined these dimensions. The results, presented in the
supplementary online materials (Figs. S04-S05), indicate that girls
outperform boys in both reading comprehension (@ = 0.12) and
grammar (Z = 0.14), with a statistically significant, albeit modest,
advantage in grammar.

Although this study was not explicitly designed to examine differ-
ences in variance, we decided to explore this aspect as well. The results
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show that boys tend to exhibit greater variability in their scores,
meaning they have a higher variance ratio compared to girls. Specif-
ically, in mathematics, the variance ratio is 1.06, indicating that boys
have approximately 6 % more variance than girls. Similar findings,
though smaller in magnitude, were observed for reading (both reading
comprehension and grammar), with an average variance ratio of 1.03
(see Figs. S06-S07 in the Supplementary Online Materials).

4. Discussion

Our findings, replicated across six large samples of fifth graders,
confirmed gender differences in test anxiety, and in mathematics and
reading performance (e.g., Robson et al., 2023; von der Embse et al.,
2018). The magnitude of boys’ advantage in mathematics (d = 0.17) was
somewhat smaller than the recent PISA results (15- to 16-year-olds) for
Italy (d = 0.21), but this could be due to the age difference for students
in the current study and the PISA assessments. The reading gap (d =
0.13) was also smaller than the PISA results (d = 0.19), but again
potentially due to age differences. Indeed, Giofre et al. (2022) found that
gender differences in both mathematics and reading were larger in
eighth graders (close to the age of PISA assessments) than fifth graders.
Critically, our path models suggested that about a third of the gender
differences in mathematics and reading test performance were statisti-
cally explained by test anxiety, although a causal relation cannot be
inferred from these results.

4.1. Comparison with previous meta-analyses of sex differences in anxiety
and achievement

In line with previous meta-analytic studies, our research confirms a
negative correlation between test anxiety and mathematics and reading
achievement (e.g., Caviola et al., 2022; Robson et al., 2023; von der
Embse et al., 2018). Our findings are in close agreement with those of
Robson et al.’s (2023) recent meta-analysis, that is, a negative correla-
tion between test anxiety and outcomes in mathematics (r = —0.21 here
and in Robson et al.) and reading (r = —0.18 here and — 0.20 in Robson
et al.). However, their estimates had much broader confidence intervals
than found in the current study which was likely due to the inclusion of
many studies with small samples. Our study overcomes this limitation
with considerably larger sample sizes—overall almost 3 times larger
than the total across the 85 samples included in Robson et al. In other
words, our results are likely more robust than those of Robson et al.
(2023) but restricted to older elementary students. Indeed, by inte-
grating our data with their findings, we obtained even more robust
meta-analytic effects, characterized by narrower confidence intervals
(see Supplementary Materials).

Our meta-analytic path models show gender differences in academic
performance might be related, in part, to the gender differences in test
anxiety. In particular, our findings suggest that girls’ higher test anxiety
might overestimate boys’ advantage in mathematics and underestimate
girls’ advantage in reading by disrupting performance during test tak-
ing. However, it is not clear if test anxiety is a cause or a consequence of
variation in academic achievement. Prior studies suggest that struggles
with math might have stronger effects on girls’ than boys’ mathematics
anxiety (Geary et al., 2023), but this does not explain the effect we found
for reading. One possibility is that girls tend to exhibit higher levels of
self-criticism and impose greater academic pressures on themselves
(Duchesne & Larose, 2018), a tendency often linked to a fear of evalu-
ation (Ang & Huan, 2006). However, given that the pattern of gender
differences in mathematics, reading, and anxiety for Italian students on
the PISA are larger than those found for students in most other OECD
countries, it is not clear if our findings will generalize to other contexts.

In any case, at least for Italian students it is important to recognize
that test anxiety accounted for about one-third of the differences be-
tween boys and girls in mathematics and reading test performance. This
means that nearly two-thirds of the academic gender differences are
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unrelated to anxiety, indicating that other factors are at play. Notably,
resilience (Donolato et al., 2020) and motivation (Pekrun & Marsh,
2022) may also exert considerable influences on academic outcomes.
Recent research also suggests that resilience and self-concept signifi-
cantly impact both mathematics and reading performance, even when
controlling for intelligence (Donolato et al., 2019, 2020). It is thus
important to investigate the interaction between pre-existing motiva-
tional aspects, achievement, and subsequent anxiety—that con-
versely—may not be uniformly influenced by gender. Other factors need
to be considered as well, including spatial abilities and boys’ advantage
in mathematics (Geary et al., 2023) and language abilities and girls’
advantage in reading and grammar (Reilly et al., 2019).

4.2. Differences in reading and mathematics

Italian girls’ advantage in reading is consistent with a substantial
body of literature demonstrating that gender differences in reading and
related competencies are robust and significant (Reilly et al., 2019;
Voyer et al., 2014). While our study did not include writing skills, we
showed significant advantages for girls in both reading comprehension
and grammar, in keeping with prior studies (see also Kovacevic et al.,
2007), with the differences being slightly larger in grammar. This
finding is particularly noteworthy, as it pertains to fifth-grade students,
and the existing literature suggests that such differences may become
more pronounced as students’ progress through their academic careers
(Giofre et al., 2020; Reilly et al., 2019).

Our findings for mathematics were also consistent with previous
studies. Although gender differences in mathematics achievement are
generally small on average (Else-Quest et al., 2010; Hutchison et al.,
2019; Hyde et al., 2008), our results confirmed the gap in mathematics
for Italian students (Giofre et al., 2020; Stoet & Geary, 2018). Extensive
cross-national assessments such as PISA have shown that boys tend to
slightly outperform girls in mathematics, with this gap being particu-
larly pronounced among high-achieving students and in some specific
countries (Stoet & Geary, 2013). Moreover, recent analyses of intra-
individual academic strengths (i.e., best academic subject) suggest that
boys are more likely to exhibit relative strengths in mathematics and
science, whereas girls tend to excel in reading (Balducci et al., 2024).
This pattern, surprisingly, is more pronounced in countries with greater
gender equality (Balducci et al., 2024). In any case, the point is these
gaps at the mean, albeit small, could have broader effects (e.g., on later
occupational choices) through larger gaps in academic strengths
(Dekhtyar et al., 2018; Humphreys et al., 1993; Stoet & Geary, 2018).

Broader effects could also emerge through the variance ratio,
whereby boys’ achievement was more variable, as a group, in both
mathematics and reading, but more so in mathematics than reading.
This overall result is in line with other studies (Reilly et al., 2015; Reilly
et al., 2019) but might underestimate gender differences in variability
due to our relatively young sample. Hedges and Nowell’s (1995) anal-
ysis of mostly older samples revealed larger variance ratios for both
reading comprehension (VR = 1.03 to 1.16) and mathematics (VR =
1.05 to 1.25) than we found.

4.3. The complex interplay between achievement and emotions

Our results can be integrated within the control-value theory of
achievement emotions proposed by Pekrun’s seminal works (Pekrun,
2000; Pekrun, 2006). This theory posits that achievement is guided, in
part, by subjective control over activities (e.g., persistent studying can
lead to success), by expectancy beliefs (e.g., how competent students
think they are), and by subjective value beliefs (e.g., what students think
is important or interesting). Therefore, academic performance, and/or a
specific academic competence, may develop over the school years
depending on how students engage in activities that: i) they can control,
ii) they find interesting, and iii) they feel competent in. Empirical sup-
port for the relevance of control-value theory in explaining gender
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differences in academic performance is well-documented, both in
mathematics (e.g., Guo et al., 2015) and reading (Durik et al., 2006;
McGeown et al., 2012). Different degrees of test anxiety might stem from
lower levels of perceived control and value beliefs in academic
achievement, particularly in mathematic where girls often report lower
levels of both perceived control and value (e.g., Pekrun & Stephens,
2010). Overall, the literature seems to indicate that students’ emotional
patterns can be explained by different degrees of competence beliefs and
subjective control-values towards achievement goals, and this is true in
both boys and girls.

In a recent study, Geary et al. (2023) uncovered distinct gender
patterns in academic development with the transition from middle to
secondary school. They observed that although mathematical achieve-
ment increased for girls and boys, attitudes towards math declined and
anxiety levels rose. Notably, boys with above-average performance in
mathematics exhibited resilience against these negative shifts in atti-
tudes and anxiety, and showed gains in utility beliefs. Conversely, high
achieving girls still reported higher anxiety and less positive attitudes
towards mathematics compared to their male counterparts, even when
they excelled in the subject. As noted earlier, across countries girls show
higher mathematics anxiety than boys, even with control of mathe-
matics achievement (Stoet et al., 2016). Our findings suggest that the
relation between gender differences in test anxiety and achievement is
not restricted to mathematics and might lower girls’ performance on
high-stakes tests across academic domains, although follow-up studies
are needed to confirm this and to determine if these patterns hold across
grade levels.

4.4. Caveat, limits and future directions

The anxiety measure implemented in this study was a short four-item
questionnaire designed to assess state-test anxiety levels, aligning with
Pekrun et al.’s (Pekrun et al., 2023a, 2023b) control-value theory.
Nonetheless, the reliance on secondary data limited our ability to
conduct a more comprehensive assessment of achievement-related
emotions that might include positive aspects such as self-esteem, self-
concept, resilience, or motivation. Research highlights the existence of
distinct forms of anxiety, with specific forms having larger impact on
specific subjects (i.e., Caviola et al., 2022), but our results are limited to
general test anxiety.

Similarly, our cross-sectional data focused solely on test anxiety in
fifth graders which might underestimate gender differences given that
anxiety levels associated with schooling typically increase with age (Hill
et al.,, 2016; Robson et al., 2023). Therefore, it is possible that the
relation between anxiety with academic achievement is more pro-
nounced in older students. Moreover, the cause-effect relation between
test anxiety (and other forms of academic anxiety) and achievement are
not fully understood (Geary et al., 2023; Ma & Xu, 2004). With increased
exposure to different subjects in school, including mathematics, anxiety
could become more differentiated. According to this account, anxiety in
young children might initially manifest as a broad, undifferentiated
emotional state. However, as they move through schooling and experi-
ence stressful events, such as exams, and more complex material (Embse
& von der Embse & Hasson, 2012; Putwain, 2008), anxiety could
become more common in some domains than others (Geary et al., 2023).
During this period, the student-teacher relationship also becomes criti-
cally linked to levels of anxiety (Semeraro et al., 2020). In other words,
our general test anxiety measure might underestimate the relation be-
tween specific forms of academic anxiety, such as math anxiety, and
achievement in the associated domain.

Echoing the calls from both Robson et al. (2023) and von der Embse
et al. (2018), our study highlights the need for longitudinal research to
unravel the dynamic interplay between test anxiety, gender, and aca-
demic performance over time. The insights from Seipp (1991) stress the
importance of considering various moderators and mediators that that
may help explain this complex relationship. There are only a few
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longitudinal studies investigating the impact of anxiety and other atti-
tudes on achievement (e.g., Putwain et al., 2018; Putwain & Wood,
2023). It is essential to undertake such studies to track the development
of distinct forms of anxiety (e.g., test anxiety, mathematics anxiety) and
their relation to academic achievement. These studies should incorpo-
rate a broad assessment of additional factors that may influence out-
comes, such as self-esteem, and evaluate the role of contextual elements
like the student-teacher relationship.

5. Conclusions

To conclude, we provided robust and reliable estimates of the rela-
tionship between test anxiety and both mathematics and reading per-
formance using large and representative samples of Italian children. Our
meta-analytic approach was particularly important because it allowed
us to demonstrate that the effect was robust across our samples and
when combined with other meta-analytic results overcame the impor-
tant limits of previous studies. Test anxiety seems to be an important
contributor to gender differences in both mathematics and reading test
performance, although as noted cause-effect relations cannot be estab-
lished due to the correlational nature of our data. Whatever the cause-
effect relations, about two-thirds of the effects are probably explained
by other factors underscoring the need for future research to explore the
additional variables that might be related to academic performance
disparities.
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