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Abstract

Background STEM education has experienced significant growth due to its pivotal role in innovation and economic
development. While cognitive factors like prior knowledge are known predictors of STEM success, non-cognitive
factors, including attitudes and demographics, also play vital roles. However, there is a notable scarcity of research
focusing on the "S" in STEM—science—compared to extensive studies in fields like mathematics. This study aims

to address this gap by exploring gender differences in science test performance and related attitudes, providing
insights into this under-researched aspect of STEM education.

Results The effective sample comprised 1839 Estonian 12th-grade students who took a computer-assisted sci-

ence test. The test consisted of tasks combining chemistry, physics, biology, and geography, and a post-test survey
was also administered. Across the total sample, the results showed that test performance positively correlated

with test-taking duration, effort, and test importance. Test performance was negatively correlated with perceived test
difficulty. Interestingly, while general science anxiety was not associated with test performance, subject-specific anxi-
ety, especially chemistry anxiety had a negative association with test performance. While there were no gender dif-
ferences in test performance, female students scored consistently higher on all science anxiety measures, compared
to male students. Furthermore, female students assessed the science test to be more difficult, and they also took
more time to complete the test. The correlations in gender subsamples mirrored those observed in the total sample.

Conclusions The association between science test performance and test-related variables is nuanced: students
might not necessarily have a “general” STEM anxiety but it may be associated with a specific subject. Moreover,

the findings imply that although there are no gender differences in test performance, girls have a greater anxiety
when it comes to natural sciences subjects. These findings indicate the need for investigating the origin of such anxie-
ties, which do not seem to stem from aptitude.

Keywords Science education, Science anxiety, Test performance, Secondary education, Chemistry, Physics, Biology,
Geography, Gender differences, Gender gap in STEM
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intricate in its own way. In students’ STEM performance
at school, both cognitive and non-cognitive factors con-
tribute. Cognitive factors, including prior knowledge,
spatial skills, abstract thinking, and logical reasoning
have been identified as significant predictors of success
in STEM fields (Andersen, 2014; Berkowitz & Stern,
2018). Among non-cognitive factors, attitudes towards
STEM subjects and fields have also been shown to play
a significant role (Potvin & Hasni, 2014; Potvin et al,
2020). Additionally, demographic factors, such as socio-
economic status (Rozgonjuk et al., 2023), and individual
characteristics, such as gender (Wang et al., 2023), can
significantly influence both academic performance and
development of STEM attitudes.

Although research exists on the interplay between aca-
demic achievement and attitudes in STEM—and gen-
der differences in the domain—specific aspects, such as
the association between science test performance and
motivational variables like anxiety, still warrant further
investigation. Furthermore, science can be decomposed
into more specific subjects, including physics, chemis-
try, biology, and geography. In the present work, we aim
to investigate the association between science achieve-
ment, test-related attitudes as well as general and subject-
specific science anxiety, and gender differences in these
links.

Literature review

Historically, gender differences in STEM fields, particu-
larly in science, have been a focal point of educational and
psychological research (Li et al., 2020). The so-called gen-
der-equality paradox refers to a phenomenon observed
in many societies where, despite significant efforts to
achieve gender equality across various fields, a notable
discrepancy persists in the representation of men and
women in certain professions, particularly those related
to STEM (Stoet & Geary, 2018; Tandrayen-Ragoobur &
Gokulsing, 2022). Not only do gender disparities exist in
participation and representation in these fields, but stud-
ies have also indicated differences in performance, atti-
tudes, and experiences (Voyer & Voyer, 2014). In Estonia,
the proportion of female STEM graduates is generally
higher than in other OECD countries; however, the pay
gap between men and women remains one of the largest
among the surveyed countries (OECD, 2024). Further-
more, some evidence suggests an association between
a larger pay gap and a higher proportion of women in
STEM-related fields, possibly reflecting a higher pay gap
in STEM jobs (Treialt, 2021). Of relevance, the average
age of Estonian teachers (including in science) is one of
the highest among OECD countries (OECD, 2019b, p.
84), and it is a major factor in teaching motivation (Taht
et al,, 2023).
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Several factors have been proposed to contribute to
the development of the gender gap in STEM, including
social and cultural influences and stereotypes (Cheryan
et al, 2017; Master et al.,, 2021; Verdugo-Castro et al,,
2022), differences in career interests and priorities (So
et al, 2022), socio-economic status (Early et al., 2020;
Rozgonjuk et al., 2023), differences in personality traits
(Anni et al., 2023; Hofmann et al., 2023; McKinney et al.,
2021), and societal expectations regarding gender roles
(Hégglund & Leuze, 2021; Schmitt et al., 2008).

Academic self-efficacy and anxiety are two psychologi-
cal concepts that are often intertwined when it comes to
shaping the attitudes towards academic subjects (Burns
etal., 2021; McKinney et al,, 2021; Rozgonjuk et al., 2020).
Self-efficacy is the belief in one’s own abilities (Bandura,
1997), whereas academic anxiety refers to feelings of fear,
apprehension, or worry experienced in response to aca-
demic tasks, assessments, or performance expectations
(Tobias & Weissbrod, 1980). Research has shown that
self-efficacy correlates with better academic outcomes in
general (Warren et al., 2020), as well as more specifically
in science (Burns et al.,, 2021) and mathematics (Ozcan
& Eren Gumiis, 2019). Conversely, poorer academic per-
formance in respective domains has been shown to be
accompanied by higher anxiety in mathematics (Caviola
et al,, 2022; Guzman et al., 2023; Namkung et al., 2019)
and in science (Megreya et al., 2021).

According to the meta-analysis by Reilly et al. (2015),
male students tend to have a higher achievement in both
mathematics and science than female students in the U.S.
On the other hand, recent research, relying on interna-
tional studies, shows a more mixed picture: in general,
while boys outperform girls in mathematics, girls out-
performed boys in science in most of the participating
OECD countries in the PISA 2018 survey (OECD, 20194,
p. 142). These findings suggest that gender disparities in
STEM achievement are context-dependent, highlighting
the importance of considering cultural, educational, and
socio-economic factors when addressing gender gaps in
education.

In studies that do not find gender differences in aca-
demic outcomes, girls tend to score lower on math-
ematics self-efficacy (Zander et al., 2020) and higher
on mathematics anxiety measures (Vos et al., 2023). In
another study, Megreya et al. (2021) found that female
students had higher science anxiety. Relatedly, Cotner
et al. (2020) found that female Norwegian biology stu-
dents reported higher testing anxiety than male biol-
ogy students; interestingly, anxiety did not predict the
achievement of male students. Moreover, in a recent
systematic-narrative literature review, Balducci (2023)
has also investigated the association between the gender
gap in mathematics and science and country-level gender
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equality. Interestingly, while mathematics gender gap was
not linked to country-level gender equality, larger gen-
der differences in mathematics attitudes and anxiety are
reported in more gender-equal countries. When it comes
to science, Balducci (2023) found that girls display a
lower science self-concept than boys in the vast majority
of cases—even though, as mentioned above, boys did not
necessarily outperform girls in terms of ability.

These differences are not without consequences. For
instance, Sakellariou and Fang (2021) argue that early
development of self-efficacy in mathematics and science
is predictive of propensity to study STEM subjects. The
authors also showed that reducing the STEM gender
gap is effective in girls with above-average self-efficacy.
It could be argued, therefore, that by reducing STEM-
related anxiety (which would, conversely, likely result in
improving STEM self-efficacy), more girls could consider
a STEM career path. Reducing anxiety and improving
self-efficacy do not solely depend on one’s performance
but can also be achieved through targeted interventions
addressing anxiety sources, teaching methods, and learn-
ing-related activities (Zakariya, 2022).

Conceptual framework

In this study, we contextualize gender differences in sci-
ence, extrapolated to STEM education in general within
the framework of Social Cognitive Theory (SCT; Bus-
sey & Bandura, 1999). SCT posits that individual beliefs,
environmental influences, and behaviors dynamically
interact to shape academic outcomes. Building upon
this theory, we propose that gender disparities in STEM
fields result from a complex interplay of personal factors
(such as self-efficacy and anxiety), socio-cultural influ-
ences (including stereotypes and societal expectations),
and environmental factors (such as educational experi-
ences and opportunities). Transitioning to our specific
focus, we delve into investigating the variance in personal
factors, notably science anxiety. This choice is informed
by our understanding that individual attitudes and emo-
tions can significantly impact academic performance and
career choices within STEM disciplines.

In addition, although initially derived from the math-
ematics domain, the insights from Baloglu and Kocak
(2006) can be plausibly extended to science. They sug-
gest that achievement-related attitudes and motivational
factors—in the context of the present study, science
anxiety—can be influenced by situational, dispositional,
and environmental factors. Situational elements pertain
directly to the domain in question (i.e., testing in the pre-
sent study). In contrast, dispositional and environmental
factors revolve around the inclination to cultivate stable
attitudes and behaviors towards subjects and the exter-
nal contexts associated with the domain, respectively.
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Hence, science anxiety could be affected by previous
testing experiences (situational), general tendencies to
experience anxiety (dispositional), and societal expec-
tations and stereotypes regarding science performance
(environmental).

The framework by Baloglu and Kocak (2006) is relevant
to our study in linking science anxiety to situational test-
related variables to provide empirical evidence on these
associations. Investigating other factors (i.e., disposi-
tional and environmental) is not within the scope of the
present study. It is important to note that although the
science anxiety inventory items refer to anxiety experi-
enced towards science beyond testing situations, we que-
ried about these attitudes after the test was taken. Hence,
it is possible that, on one hand, anxiety could impact test
performance; on the other hand, test-related variables
like test difficulty, test duration, and test appeal could
influence self-reported science anxiety, which might, in
turn, impact attitudes towards science.

Aims and hypotheses
While science represents a component of STEM, empha-
sis on examining achievements in science in relation
to anxiety, and the gender differences in that link, have
garnered less attention than areas like mathematics. The
main aim of the present study is to explore the asso-
ciations between and gender differences in science test
performance, test-taking time, science anxiety, and test-
related attitudes. It could be argued that students who
have lower science anxiety are more motivated to per-
form well on a test (i.e., they find the test important to
them), and are also willing to exert more effort (Glynn
et al.,, 2009). This, in turn, could lead to better perfor-
mance. There is evidence in literature supporting this
logic in test-taking research. Lower test anxiety is related
to higher motivation and better academic performance,
and students with higher test anxiety have an increased
potential to engage in academic self-handicapping behav-
ior. In addition, one may argue that higher motivation to
perform well can also lead students to spend more time
and apply greater diligence to their test-taking. In other
words, more time spent on test-taking should correlate
with higher motivation, and this could lead to better out-
comes. However, based on literature, one may also antici-
pate that girls report higher science-related anxiety in
comparison to boys—despite similar academic outcomes.
Given this reasoning, the following hypotheses are posed:
H1: Science anxiety measures are negatively correlated
with science test performance. High levels of anxiety,
particularly when specific to a subject like science, can
hinder a student’s ability to access and utilize accumu-
lated knowledge (Mallow, 2006). Research has consist-
ently shown that high anxiety levels can interfere with
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learning and impair test performance (Caviola et al,
2022). In addition, the link between academic perfor-
mance and anxiety is relatively well-established in other
STEM domains, like mathematics (Caviola et al., 2022;
Guzman et al,, 2023; Namkung et al., 2019), but relatively
less researched in the science domain.

H2: Motivational variables (test importance, effort) are
positively correlated with test performance. Test-taking
motivation and effort are closely connected. Students
with higher motivation levels are more likely to exert
effort in preparing for and taking the test, in turn leading
to improved results (Alhadabi & Karpinski, 2020). The
significance of motivation is evident in situations where
a student possesses the requisite knowledge but may
underperform due to a lack of motivation or perceived
relevance of the test to their future goals (Dokme et al.,
2022).

H3: Test-taking duration is positively correlated with
test importance and effort, as well as test performance.
While one might intuitively assume that faster comple-
tion times reflect higher levels of proficiency, empirical
evidence suggests that rapid guessing (i.e., shorter test-
taking time) correlates negatively with test scores (Rios
et al., 2022). On the other hand, more time taken to solve
assignments is generally linked to better results also in
mathematics and science (Silm et al., 2020).

H4. There are no gender differences in science test per-
formance but girls score higher on science anxiety meas-
ures. This hypothesis is inspired by findings from STEM
research, particularly in mathematics, where there are
generally no gender differences in academic perfor-
mance, but girls report higher levels of STEM-related
anxiety (Foley et al., 2017; Guzman et al., 2023).

H5. The correlation between test performance and anxi-
ety is stronger in girls than in boys. In other words, anxi-
ety plays a larger role in performance in girls. Previously,
it has been shown that the link between mathematics
anxiety and performance is stronger in girls than in boys
(Devine et al., 2012; Dowker et al., 2016). Additionally,
this hypothesis is inspired by the findings in literature
that showed that despite having similar academic out-
comes in STEM subjects, girls tend to opt for a STEM
career less (Schmader, 2023; Sevilla & Snodgrass Rangel,
2023). The findings could provide an additional expla-
nation to that phenomenon: it could be that STEM is
associated with more anxiety for girls than for boys, con-
sequently guiding the former away from a STEM career
consideration.

Alongside these hypotheses, we explore the potential
differences between general and subject-specific anxiety
measures in relation to test performance and additional
test-related variables (e.g., perceived test difficulty and
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appeal). While these analyses are not focal in the present
study, we believe they may nevertheless be informative
and useful.

The results of the present study supplement the STEM
education field, as studies regarding gender differences
in the interplay between academic performance-related
variables and STEM-related anxiety are scarce. In case
the gender gap in science is related to anxiety, and other
variables show correlations with performance and/or
anxiety, the findings could inform academics and edu-
cational professionals about potential points for anxiety
interventions, as outlined by Zakariya (2022).

Methodology

Sample and procedure

The target sample was 12th-grade students from gen-
eral education schools and 3rd-year (partly 2nd-year)
students from vocational educational institutions who
had completed the national curriculum for the 4th level
of education in physics, chemistry, biology, and geogra-
phy. The goal was to include 20% (appx. N=2500) of the
students from the respective general student population
(N=10147). The data were collected in March 2023 from
a representative sample of students with the aim of inves-
tigating science skills and science-related attitudes.

The survey was conducted in classrooms where each
student solved the test and responded to the survey from
an assigned computer. In total, the advised time for the
procedure was 145 min, though this could be extended
if necessary. 120 min were assigned solely for the science
test administration, 15 min for the survey, and 10 min for
a break between test sub-sections.

The students first took the science ability test. After
that, the students filled out a three-part post-test sur-
vey. The first part focused on epistemic beliefs in science
(not used in the present work), the second part was about
science anxiety, and the third part regarded test-related
attitudes. Importantly, in the part related to science anxi-
ety, all students could respond to items regarding general
science anxiety (please see the “Measures” section); sub-
sequently, the students needed to select one subject to
assess the related anxiety. Participating in the study was
voluntary.

In total, 1907 Estonian 12th-graders took part in the
study. After excluding the participants who had missing
values, the sample comprised N =1843 students. Further-
more, students whose test-taking duration deviated more
or less than three standard deviations from the aver-
age time were removed from the analysis. The effective
sample comprised N=1839 students, 944 (51.3%) were
female and 895 (48.7%) were male students. 1438 (78.2%)
participants were from a general secondary school, while
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401 (21.8%) were vocational secondary school students.
1466 (79.7%) students took the test in Estonian, and
373 (20.3%) students took the test in Russian language.
Although the effective sample size was less than the
planned N=2500, the sample was nevertheless repre-
sentative of the student population of Estonia.

Measures
Science ability test The interdisciplinary science ability
test consisted of physics, chemistry, biology, and geogra-
phy assignments. These context-based multi-part tasks
focused on science content and principles in daily life
and global phenomena. The test was developed in sev-
eral iterations across 2018 to 2022, based on both expert
feedback as well as psychometric analysis; the detailed
test development procedure is described in Vaino et al.,
(2024).

In total, the test consisted of 37 items which assessed
the following facets:

(a)Knowledge comprehension. Students were
required to explain natural phenomena, identify
cause-and-effect relationships, use scientific symbol-
ism, perform calculations, and explain or construct
scientific models;

(b)Inquiry skills. Students demonstrated mastery of
various research skills, from formulating research
problems, questions, or hypotheses to evaluating the
quality of conducted experiments;
(c)Problem-solving. Students were tasked with
resolving issues both with scientific content and
those with a scientific basis and social relevance,
making reasoned decisions;

(d)Communication abilities. Students composed
short texts on scientific topics, sought information
from various sources, and assessed the reliability of
the information obtained.

The responses were assessed based on the solu-
tion completion (e.g., O=incorrect, 1=partially cor-
rect, 2=correct). Confirmatory factor analysis showed
an acceptable model fit (Kline, 2015) for the unidimen-
sional solution of the test, x*(629)=2268.29, p<0.001,
RMSEA=0.036, CFI=0.908, TLI=0.903 (Rannikmde
et al. 2023). In addition, Cronbach’s a=0.849 for the total
test.

Post-testing survey general and subject-specific sci-
ence anxiety. The science anxiety part of the procedure
regarded the general and subject-specific statements.
These items were created by the survey development
team which included experts in education and psychol-
ogy. The general science anxiety questionnaire included
the following statements:
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1. Natural sciences lessons frighten me.

2. In natural science lessons, I worry that everything is
too complicated for me.

3. When solving natural sciences homework, I worry that
1 do not understand it.

The agreement with these statements was rated on a
scale from 1=completely disagree to 4= completely agree.
The scores were summed to form a general science anxi-
ety score. Cronbach’s alpha for this scale was a=0.86.

In addition, the students could select one of the sub-
jects (options: physics, chemistry, geography, biology) to
assess their anxiety related to that subject. The following
statements were used:

1. I often worry that it is difficult for me in [chemistry/
physics/geography/biology] lessons.

2. 1 get very tense when I have to learn [chemistry/phys-
ics/geography/biology] at home (do homeworks).

3. I get nervous when I am working on solving [chemis-
try/physics/geography/biology]-related problems.

4. I feel helpless when I am working on solving [chemis-
try/physics/geography/biology]-related problems.

5. I worry that I will get bad grades in [chemistry/phys-
ics/geography/biology].

It is important to note that, as mentioned, only one
subject could be chosen for evaluation. Hence, this scale
was operationalized as “subject-specific” anxiety (as
opposed to “general”). As with the general science anxiety
inventory, the responses ranged from 1= completely disa-
gree to 4=completely agree, and the scores of responses
were summed. The internal reliability of the scale across
the total sample was Cronbach’s a=0.87.

Post-testing survey science test-related attitudes. The
students responded to seven items regarding test-taking
motivation (1=completely disagree to 5=completely
agree), which included statements regarding the impor-
tance of the test to the student (3 items; example item:
“The test was important for me””) as well as the effort put
into test-taking (4 items; example item: “I put in a lot
of effort throughout the test”). Cronbach’s a=0.70 and
a=0.84 for test importance and effort, respectively. In
addition, the students evaluated the difficulty (1=very
simple to 5=very difficult) and appeal (1=very interest-
ing to 5=not at all interesting) of the test with one item;
the latter was reverse-coded for better interpretability to
1=not at all interesting to 5=very interesting).

Analysis

The data analysis was conducted in R v4.3.0 software (R
Core Team, 2023). Descriptive statistics, internal reli-
ability, and Pearson correlation analysis was conducted
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with psych v2.3.3 (Revelle, 2021) and RemdrMisc v.2.7-2
(Fox, 2022). Group differences in gender were analyzed
with the independent samples t test from R’s base() pack-
age. The Isr v.0.5.2 (Navarro, 2015) was used to compute
Cohen’s d-s for gender differences effect size estima-
tion. We used common effect size benchmarks: d=0.01,
0.20, 0.50, 0.80, 1.20, and 2.00 for “very small’} “small’,
“medium’, “large’, “very large’, and “huge” effect sizes,
respectively (Cohen, 1988; Sawilowsky, 2009). How-
ever, we also want to point out that Kraft (2020) has
argued that it may be more justified to interpret d <0.05,
d<0.20, and d>0.50 as “small’} “medium’, and “large”
effect sizes, respectively, in educational context. To test
for differences between Pearson correlation coefficients
for science test score and other variables, Fisher’s r-to-z
transformation was employed, which converts correla-
tions into normally distributed z-scores for comparison
(Silver & Dunlap, 1987).

Results

In this section, we first present the descriptive statistics
and correlation analysis results for the total sample. This
is followed by the results on gender differences.

Descriptive statistics and correlations for the total sample
The descriptive statistics and correlations for the total
sample are displayed in Table 1.

Table 1 shows that test performance is moderately and
positively linked to test-taking duration: more time spent
on solving the test is associated with better performance.
Similarly, finding the test to be appealing and important

Table 1 Descriptive statistics and correlation coefficients
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for oneself as well as reporting exerting more effort were
linked to better performance. On the other hand, test dif-
ficulty had a small significant negative correlation with
test performance. When it comes to test-taking duration,
students who spent more time on test assignments also
rated the importance of the test higher, found the test
to be more appealing, and reported putting more effort
into solving the assignments. These correlations were
medium-to-large in effect sizes.

Looking into anxiety measures, the general science
anxiety score did not correlate statistically significantly
with other variables. Interestingly, general science anxi-
ety did not correlate with subject-specific anxiety. On the
other hand, subject-specific anxiety yields a small nega-
tive correlation with test performance, and students who
rated the test more difficult also reported higher subject-
specific anxiety. The results also show that students who
found the test to be more difficult had more anxiety in
the physics and chemistry domains.

When it comes to other test performance-related atti-
tudes, the results in Table 1 show that finding the test
appealing, in addition to positively correlating with bet-
ter results and higher test-taking time, had a positive link
with test importance and effort, and a negative associa-
tion with test difficulty.

Gender differences in test performance-related factors

and anxiety

Gender differences in science test performance and per-
formance-related attitudes are displayed in Table 2 and

Descriptive statistics

Correlations

Variable N M sD Min  Max 1 2 3 4 5 6 7

1. Test score 1839 3283 1024 6 63 1

2. Test duration (min) 1839 10515 2594 28 183 0.435%* 1

3. Test importance 1839 9.34 262 3 15 0.235%* 0.325*** 1

4. Test effort 1839 13.65 353 4 20 0.286** 0.271%** 0618 ]

5. Test difficulty 1839 3.70 079 1 5 —0.173***  —0.008 -0.036 -0.022 1

6. Test appeal 1839 317 102 1 5 0.266*** 0.250%**  0440***  0412*** —0.166"** 1

7.GS anxiety 1839 721 266 3 12 —-0.009 0.009 0011 0.002 —-0.035 0.018 1

8. SS anxiety® 1839 13.76 395 5 20 —0.125***  -0.049 —-0.024 —-0.056 0.186***  -0.078* 0.007
9. Physics anxiety 656 13.87 364 5 20 -0.119 —0.051 -0.077 —-0.082 0.202%**  —0.147** 0.052
10. Chemistry anxiety 795 14.65 385 5 20 —0.157***  -0.093 —-0.025 —0.060 0.197***  —0.096 —-0.002
11. Geography anxiety 139 11.65 404 5 20 0.025 0.089 0.012 —0.062 0.108 —-0.090 —-0.033
12. Biology anxiety 249 11.80 386 5 20 -0.122 0014 0.009 —-0.020 0.137 —-0.003 —-0.025

Correlation columns for 8-12 are not displayed because 9-12 are mutually exclusive and they form 8

2 Subject-specific science anxiety refers to the measure across the entire sample
GS general science anxiety, SS subject-specific science anxiety
P-values adjusted with the Holm’s method. *p <.05, **p <.01, *** p<.001
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Table 2 Gender differences in test and anxiety-related variables

DV Group N M SD t df p d

1. Test score Male 895 32427 10.903 -1.620 1777475 0.105 0.076
Female 944 33.203 9.565

2.Test duration Male 895 101.126 26.662 —6.539 1805.723 <.001 0.306
Female 944 108.967 24.646

3. Test importance Male 895 9.244 2662 -1.578 1823.296 0.115 0.074
Female 944 9436 2574

4. Test effort Male 895 13.642 3.599 —0.087 1822.347 0.931 0.004
Female 944 13.657 3470

5. Test difficulty Male 895 3.645 0.849 —2.837 1768.494 0.005 0.133
Female 944 3.750 0.735

6. Test appeal Male 895 3.165 1.067 —-0.263 1803.400 0.792 0.012
Female 944 3.178 0.981

7.GS anxiety Male 895 7.082 2627 -2.029 1834.932 0.043 0.095
Female 944 7.333 2679

8. SS anxiety Male 895 12.598 3914 —12.782 1809.887 <.001 0.597
Female 944 14.857 3.652

9. Physics anxiety Male 272 12.261 3.551 —10.106 551.891 <.001 0.813
Female 384 15.010 3.529

10. Chemistry anxiety Male 408 13.716 3.880 —7.236 792277 <.001 0.512
Female 387 15.628 3570

11. Geography anxiety Male 68 10.294 3.706 —4.086 136.959 <.001 0.692
Female 71 12.944 3.938

12. Biology anxiety Male 147 11.184 3.734 —3.051 211912 0.003 0.396
Female 102 12.686 3.882

DV dependent variable, GS general science anxiety, SS subject-specific science anxiety

Statistically significant differences (p <.05) are in bold

depicted in Fig. 1a, b. The figures display the results for
the total sample, as well as for male and female students
separately.

The results in Table 2 show that there were no gen-
der differences in science test performance, nor was one
group more motivated (i.e., assessing the test importance
higher) than the other group to perform well on the test.
In addition, girls and boys found the test similarly appeal-
ing, and both groups reported similar levels of effort in
test performance.

The findings in Table 2, however, show that girls evalu-
ated the test more difficult than boys. Female students
reported higher anxiety levels in all anxiety measures.

How do different factors correlate with test perfor-
mance across gender, and do these correlations differ?
The latter question would allow further investigation if
test-related variables or anxiety measures have a stronger
link with test performance. To answer these questions,
correlation coefficients were compared across the groups.
The results are displayed in Table 3 and in Fig. 2a, b.

The results in Table 3 show that test duration had the
strongest (positive) correlation with test performance,

i.e., more time spent on taking the test was correlated
with better test results. As reported for the total sample
in Table 1, test effort, importance, and appeal also had
positive correlations with test performance also in both
boys’ and girls’ samples. Test score and difficulty had a
negative correlation. There were no gender differences
in how strongly test-related variables correlated with
test scores, indicating similar strengths in these asso-
ciations across genders.

We also investigated the differences in correlations
between test scores and various anxiety measures.
Apart from general science anxiety (GS), geography
and biology anxiety, other anxiety variables exhibited
a statistically significant, albeit small, negative correla-
tion with test scores in both boys and girls. However,
the magnitudes of these correlations were similar, as
the differences in correlations were not statistically
significant.

To account for other possible effects (school type
and test language), we conducted separate analyses on
a homogeneous group of secondary school students
who took the test in Estonian. The results, displayed in
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Supplementary Materials 1, showed marginal differences.
Therefore, we discuss the total sample results as the main
findings.

Discussion
The main aim of the present study is to explore the asso-
ciations between science test performance, test-taking
time, science anxiety, test-related attitudes, and gender
differences. We posed several hypotheses, and conducted
additional analyses.

According to the first hypothesis (H1), we expected
that the science test scores are negatively associated with

science anxiety across the total sample. Previous works
have shown that, among STEM subjects, mathematics
anxiety generally predicts poorer mathematics achieve-
ment (Caviola et al.,, 2022; Guzman et al., 2023; Nam-
kung et al., 2019). The results showed that this hypothesis
found partial support from the data. General science
anxiety did not correlate with test performance; rather,
the achievement-relevant anxiety seems to be subject-
specific, especially when it comes to chemistry. Although
the correlation was small, it nevertheless shows that stu-
dents who reported higher chemistry-related anxiety also
scored lower on a science test that includes elements of
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Table 3 Correlation differences in links between test performance and other performance-related factors across different groups

DV Group N r p(r Z p (diff)

1. Test duration Male 895 0454 <.001 0.807 0420
Female 944 0411 <.001

2. Test importance Male 895 0.243 <.001 0.289 0.773
Female 944 0.225 <.001

3. Test effort Male 895 0316 <.001 1.023 0.306
Female 944 0.254 <.001

4. Test difficulty Male 895 -0.157 <.001 0.673 0.501
Female 944 —0.200 <.001

5.Test appeal Male 895 0.273 <.001 0.246 0.806
Female 944 0.258 <.001

6. GS anxiety Male 895 —0.056 <.001 -1417 0.156
Female 944 0.038 0.001

7.5S anxiety Male 895 -0.173 <.001 -1.037 0.300
Female 944 -0.105 0.001

8. Physics anxiety Male 272 —-0.185 0.002 -0426 0.670
Female 384 -0.138 0.007

9. Chemistry anxiety Male 408 -0.197 <.001 —-0.535 0.592
Female 387 —0.145 0.004

10. Geography anxiety Male 68 0.018 0.885 0.150 0.881
Female 71 -0.019 0.876

11. Biology anxiety Male 147 -0.154 0.063 -0.756 0.449
Female 102 0.015 0.879

DV dependent variable, GS general science anxiety, SS subject-specific science anxiety

Statistically significant correlations and correlation differences (p <.05) are in bold

other natural sciences. These findings also call for care-
ful consideration of treating science anxiety as a general
construct, whereas this anxiety might be subject-specific.

We expected that higher test importance, test-taking
effort, time spent on test, and performance would all be
positively correlated (H2 and H3). An explanation for
such expectations lies in the assumption that students
who perceive the science test as important to them, are
more likely to put more effort into taking the test. Behav-
iorally, this could manifest in more time spent on solving
the assignments, for example, making sure that the task is
understood and double-checking the responses. In turn,
this should result in higher test scores. Both hypotheses
were supported by the data. In fact, test-taking time had
the highest correlation with test performance among all
the tested variables, yielding a medium-to-high effect.
These results are also in line with literature that has pre-
viously demonstrated that more time taken for solving
tasks tends to result in better performance (Silm et al.,
2020). All other correlations were also positive, in the
small-to-medium effect size range. Interestingly, girls
took more time to solve the tasks than boys, but there
were no differences in test importance and effort. That

said, the link between test score and test-taking duration
did not differ across genders.

Finally, we expected not to see gender differences in
test performance; however, girls were expected to score
higher on science anxiety measures (H4). In addition,
we expected that the correlation between science test
performance and anxiety measures is stronger in girls
than in boys (H5). The former hypothesis, too, found
support from data. Although general science anxiety
did not correlate with other measures, girls neverthe-
less scored higher, albeit with a small effect size. How-
ever, in subject-specific anxiety measures, the effect
sizes of gender differences were medium-to-large. On
the other hand, the latter hypothesis (H5) did not find
support from the data, suggesting that the correlations
between anxiety and performance do not differ statisti-
cally significantly between boys and girls. These results
are interesting, as they seem to indicate that although
girls report more anxiety, it does not seem to affect
their results (or vice versa) more than those of boys.
The findings also contradict those previously found in
the mathematics domain (Devine et al., 2012; Dowker
et al,, 2016). Indeed, one could potentially hypothesize
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that the gender gap in STEM careers (Schmader, 2023;
Sevilla & Snodgrass Rangel, 2023)—at least based on
science—might not originate from ability or from anxi-
ety influencing performance, but rather from the anxi-
ety itself.

There could be several explanations for these findings,
ranging from societal expectations (e.g., stereotypes) to
individual characteristics. Given that societal stereotypes
affect not only how girls” skills in STEM are perceived,
but also how this perception negatively impacts their
interest in these subjects (Master & Meltzoff, 2020; Mas-
ter et al., 2021; Shapiro & Williams, 2012), as well as how

women may be perceived as lacking the qualities as sci-
entists due to stereotypes (Carli et al., 2016), it might not
be surprising that female students may feel the pressure
to perform in STEM subjects while also having a lower
STEM self-concept (Leibham et al., 2013). More recently,
the role of social media has also been outlined as poten-
tially influencing math and science attitudes (Daniels &
Robnett, 2021).

Personality research has demonstrated that women, on
average, score higher on the neuroticism personality trait,
which reflects experiencing more negative affect, includ-
ing anxious tendencies (Hofmann et al., 2023; Mac Giolla
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& Kajonius, 2018). Relatedly, the neuroticism personality
trait is not correlated with cognitive ability (Rozgonjuk
et al.,, 2021a, 2021b). Hence, it may be that female stu-
dents report more science anxiety than male students,
despite their abilities not differing significantly. It has
also been hypothesized that such anxious tendencies (at
least in the STEM context) may drive a self-deprecating
cycle in female students, where anxiety carries over to
other testing situations (Pelch, 2018). This anxiety possi-
bly affects performance and skews attitudes towards the
study domain negatively. In this regard, it may be inter-
esting to further examine the dynamics of experiencing
anxiety and worrying tendencies in adolescents, and if
there are general changes in anxious tendencies also in
academic settings over time, similarly to more general
personality characteristics (Mottus & Rozgonjuk, 2021).

With regard to additional exploratory analyses, we
generally found that the correlations between test per-
formance and other variables did not statistically signifi-
cantly differ between boys and girls, meaning that the
correlations found in the total sample should be applica-
ble to both groups. The students who scored higher on
the test also reported more positive feelings towards the
test, i.e,, found the test more appealing, and, conversely,
found the test less difficult than the students who had a
poorer test score. This is in line with previous findings,
demonstrating that higher test-taking motivation, effort,
and liking the test are associated with better achievement
(Alhadabi & Karpinski, 2020; Pekrun et al., 2014; Silm
et al,, 2013; Zivkovi¢ et al., 2023), whereas the perceived
difficulty of the test is linked to poorer results (Mazana
et al,, 2018).

Interestingly, those who found the test appealing, also
took more time for solving the tasks. Although test dif-
ficulty and test appeal had a negative correlation, test
difficulty did not predict test-taking time. These results
suggest that students who took more time for solving the
assignments did not seem to do so because they found
the test very challenging; rather, also supported by the
findings reported above, the findings indicate that the
students were motivated to give their best. The findings
may further underscore the importance of positive affec-
tive factors in successful test performance.

Additional interesting insights regard anxiety’s nega-
tive correlation with test appeal and positive link with
test difficulty. These links were subject-specific and the
effects were rather small but they do seem to suggest that,
in some cases, there might be an interplay between the
perception of science assignments and anxiety. Granted
that the present study did not investigate causal associa-
tions, one could further hypothesize that perceived test
difficulty (or appeal) could be affected by the anxiety
one has towards a science subject. Attitudes like finding
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the subject difficult has been associated with anxiety in
mathematics before (Rozgonjuk et al, 2020). Building
positive attitudes towards science and testing can help
boost science self-efficacy which, in turn, is associated
with better results in science (Lau & Ho, 2022).

Science as a subject differs from mathematics, as it
encompasses more domains. The results of our study
showed, though, that when it comes to science attitudes
(namely, anxiety), it may also be anchored to a spe-
cific subject, and not only rather than a general attitude
towards science.

Studies tend to report that boys outperform girls in
mathematics (Reilly et al., 2015; Rozgonjuk et al., 2023),
but there is also evidence that girls outperform boys in
science (OECD, 2019a). Regardless, female students tend
to have poorer self-concept regarding these subjects, and
could manifest in anxiety towards the subject (Balducci,
2023; Megreya et al., 2021). Our work is in line with the
works regarding attitudes—girls do report higher science
anxiety; on the other hand, our work also shows that this
anxiety is not due to poorer achievement. Based on this,
the findings suggest that STEM research might gain addi-
tional insights by also analyzing the different domains
separately.

The main contribution of the present study was
to provide empirical evidence for the ‘S’ in STEM
research: science. Although science is an essential field
in contemporary education and career opportunities,
many STEM-focused papers seem to focus either on
the ‘M’ in STEM—mathematics—or on STEM in gen-
eral, including investigating gender differences. Our
work revealed that there are not only interesting links
and differences in the science domain—but science
itself might be too general of a construct. Instead, spe-
cific science subjects could explain the link between
performance, anxiety, and—perhaps also subsequent
career considerations. The theoretical contribution is
highlighting the subject-specific nature of science anxi-
ety: it may be more nuanced. This knowledge can be
used to refine theoretical models of (STEM-related)
academic anxiety and performance. From a more prac-
tical perspective, knowing that girls have higher sci-
ence anxiety but not necessarily lower ability could be
used to form more positive attitudes in girls regarding
science. For instance, although underestimated stu-
dents may perform as well as others, they often have
lower academic self-concept and expectations for suc-
cess (Urhahne et al., 2011). This is also associated with
poorer expectations from teachers (Urhahne et al,
2011). It could be argued that the societal expectations
for gender roles (Hagglund & Leuze, 2021; Schmitt
et al., 2008) may exacerbate the underestimation of the
role of girls in science, potentially shaping the attitudes
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of girls towards science and STEM in general. Hence,
developing programs or approaches to inform the stu-
dents and educators about girls being equally capable
but more anxious in science than boys could be used
towards building more realistic self-concepts regarding
science. This may, in turn, help alleviate the gender gap
in STEM.

The main limitation of this study is the cross-sectional
design. Although anxiety toward science and specific
subjects likely precedes test performance, the potential
impact of test performance on other evaluations can-
not be ruled out. Another limitation is relying on single
items in some of the exploratory analyses. However, the
items like test appeal and difficulty are relatively straight-
forward. In addition, studies have shown that single-item
measures can yield results as reliable and valid as those
of longer questionnaires (Diamantopoulos et al., 2012;
Gardner et al., 1998; Rossiter, 2002). Even though test-
taking duration might be an indication of test-taking
effort (Silm et al,, 2020), we acknowledge that we can-
not definitively distinguish between rapid guessing, pro-
ficiency, diligence, and difficulty in answering. Although
out of the scope in the present study, such distinction
could be made by investigating the link between response
patterns and timestamps of response events. While the
anxiety-related items used in this study mostly focused
on how the students generally felt about typical science-
related educational situations (e.g., regarding home-
works), it should also be noted that the potential test
anxiety experienced by students could also have influ-
enced the post-test science anxiety evaluations. Future
studies could consider implementing both before and
after assessments.

The role of technology in STEM education can also be
investigated in light of the present results. For instance,
the use of virtual reality (Yang et al., 2024), social media
(Achilleos et al., 2019; He et al., 2016), as well as smart-
phones (Mella-Norambuena et al., 2021; Smith et al,
2023) has shown promise in STEM education with
regard to improving students’ motivation. More research
is needed to investigate gender differences in technol-
ogy use in STEM settings. In addition, the use of digi-
tal technology in classroom settings should be done
with caution (Aru & Rozgonjuk, 2022; Rozgonjuk, Tiht,
et al, 2021), as studies have shown that social media
and smartphone use, as well as notifications received
from these media and devices, are linked to more pro-
crastination (Rozgonjuk et al., 2018a, 2018b), superficial
learning styles (Rozgonjuk et al., 2019; Rozgonjuk, Saal,
et al., 2018), and boredom proneness (Elhai et al., 2021;
Wolniewicz et al., 2020). Hence, non-skillful imple-
mentation of technology assistance may not necessarily
improve the attitudes towards science.
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Finally, it would be interesting to compare the science-
related variables of this study with other STEM compo-
nents, such as engineering and mathematics, as well as
in interdisciplinary contexts (Darmawansah et al., 2023;
Gao et al., 2020).

Conclusions

In this study, we focused on the interplay and gender dif-
ferences in the S-domain of STEM: science. Although
some of the findings were in line with previous results
from the general STEM and mathematics education fields,
there are also indications that “science” might not be a
broad concept. Anxiety toward science might be subject-
specific. Furthermore, the results showed that although
there were no gender differences in terms of science test
performance, girls reported consistently higher levels of
anxiety, both in terms of general and subject-specific sci-
ence. However, the correlations between anxiety measures
and performance were not stronger in girls than in boys.
The results suggest that the gender gap in STEM might
not necessarily stem from ability but rather motivational
variables, such as anxiety. However, additional research is
needed to establish the source of science-related anxiety in
girls and its potential impact on pursuing a STEM career.
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