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Abstract: Many students find mathematics to be a challenging subject to learn, leading to anxiety
and low self-efficacy. While positive self-beliefs towards mathematics encourage engagement and
learning, negative emotions like anxiety restrain it. Voluntary online courses for learning
mathematics may provide an opportunity to strengthen mathematical skills in a more flexible and
self-paced environment, potentially helping reduce anxiety and increase self-efficacy. The present
study investigated the associations among online course activity, test anxiety, and self-efficacy with
mathematics performance in high-stakes settings. The analyses focused on 144 final-year high
school students who completed the wide national mathematics exam after participating in a
voluntary online preparation course. In addition to self-reported data, data regarding online course
activity logs and national mathematics exam results from a state registry were extracted. According
to our analysis, more frequent online course activity was associated with higher mathematics exam
scores. Surprisingly, online course activity was not related to either students' self-efficacy or test
anxiety. The regression analysis results suggest that self-efficacy was the strongest predictor of
mathematics national examination results, with test anxiety and online course activity also
contributing significantly. Although previous research has examined the role of self-beliefs in
predicting mathematics exam results, this study offers a fresh perspective by focusing on these
relationships in an online educational context, where their dynamics may differ.
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1 Introduction

Education has undergone significant changes over the past several years, as the COVID-19
pandemic prompted schools to rely more heavily on technology for learning. This shift has
impacted both teaching and student experiences, offering valuable lessons on how digital
tools can be effectively utilised in education. As with other subjects, these changes have
influenced the teaching and learning of mathematics, making it essential to understand their
impact on learning.

Learning mathematics is a cognitively demanding multidimensional academic activity
that can be challenging for many students. According to Rasanen et al. (2019), individuals
with low mathematics achievement levels often experience the worst effects of economic
turbulence. They emphasise that strong basic skills are necessary for learning new skills and
managing changes in the workforce. Building on that, Gravemeijer et al. (2017) also highlight
the increasing role of mathematics proficiency in the technological world. However, feeling
that mathematics is difficult or challenging can lead to negative emotions such as anxiety,
fear, as well as lower self-efficacy (Dowker et al., 2016). Therefore, both mathematics-related
self-efficacy and test anxiety have been widely studied in relation to mathematics
achievement. For instance, students’ mathematics test anxiety (Ashcraft & Krause, 2007;
Barroso & Ganley, 2021; Jameson et al.,, 2022) is negatively related, and self-efficacy
(Ayotola & Adedeji, 2009; Gafoor & Kurukkan, 2015; Kim et al., 2014; Rutherford et al.,
2020; Zivkovi¢ et al., 2023) is positively related to mathematics exam results or academic
achievement in general.

Research has found that middle school students who prefer online learning may
experience higher levels of mathematics anxiety (Pirrone et al., 2022). This phenomenon has
not yet been widely studied, and results may vary across educational levels. Although the
current study focuses on test anxiety rather than mathematics anxiety, these two constructs
are distinct yet significantly positively correlated (Dowker & Sheridan, 2022; Kazelskis et al.,
2000). A study involving upper secondary school students found that higher-performing
students reported more negative emotions and lower-performing students less anxiety in
distance learning compared to contact learning (Sydanmaanlakka et al., 2024). Lu et al.
(2024) found that college students who took asynchronous online courses experienced less
test anxiety when their self-efficacy was higher. Alamri (2022) found that university
students’ academic self-efficacy was positively associated with higher levels of learning
engagement and learning persistence in MOOCs (Massive Open Online Courses), indicating
that students who believe in their academic capabilities are more likely to engage more
actively in their online courses. Previous research has found that spending more time on
MOOC:s is linked to better course achievement (Greene et al., 2015; Phan et al., 2016).
Despite these findings, relatively little research has examined mathematics-related
self-beliefs in relation to voluntary participation in online mathematics courses. It remains
unclear whether students with higher levels of mathematics anxiety engage more actively in
such courses as a compensatory strategy or whether less anxious students are more likely to
participate. Consequently, there is a need to investigate how mathematics self-efficacy, test
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anxiety, mathematics achievement, and online course activity are interrelated, as well as
their relative contributions to mathematics examination outcomes.

1.1 Theoretical framework: social cognitive perspective on mathematics
learning

Social cognitive theory is based on an interactional model of causation, according to which
environmental events, personal factors, and behaviour interact to affect one another
(Bandura, 1986). A central concept within this framework is self-efficacy, which refers to
individuals’ beliefs about their capabilities and influences how they think, feel, and behave
(Bandura, 1986, 1995). In academic contexts, this means that students who believe they can
manage examination-related demands are less likely to experience distress, whereas
perceived inefficacy may increase anxiety and impair functioning (Bandura, 1995).

Within learning settings, students approach academic tasks with pre-existing self-
efficacy beliefs shaped by prior experiences (Cook & Artino Jr, 2016). During task
engagement, these beliefs influence cognitive engagement, emotional responses, motivation,
and behavioural choices (Miao & Ma, 2022). Self-regulated learning, which can be referred
as an active, constructive process in which learners set goals and monitor and control their
cognitive, motivational, and behavioural activities, represents a key mechanism through
which self-efficacy beliefs affect performance (Cook & Artino Jr, 2016; Pintrich, 2004). In
the context of online learning, self-regulated learning is particularly meaningful, as students
must independently manage their engagement with course materials and learning activities
(Broadbent & Poon, 2015). In the present study, participation in a voluntary online course
may be seen as an expression of self-regulated behaviour, as students must actively choose
to engage with course materials. Thus, online course activity can be interpreted as a
behavioural indicator of self-regulated learning.

Social cognitive theory also emphasises the role of forethought in motivated behaviour.
By symbolically representing future outcomes, students transform anticipated consequences
into present motivators that regulate their learning (Bandura, 1986). In high-stakes
examination contexts, students may convert anticipated exam results into current study
efforts. Through self-regulatory mechanisms, forethought is translated into behaviour, such
as engaging in preparatory learning activities (e.g., a preparation course for an exam). In the
context of the present study, self-efficacy represents a key personal factor, test anxiety
reflects an emotional response, and online course activity captures behavioural engagement.
From a social cognitive perspective, these components are interrelated and may shape
students’ high-stakes examination results. In particular, higher self-efficacy may be
associated with lower test anxiety and greater engagement in preparation course activities,
which together may contribute to improved examination performance.

1.2 Literature overview: self-efficacy, test anxiety, and online course activity

Although mathematics holds significant value, previous research suggests that many
students perceive it as difficult, boring, abstract, impractical (Ignacio et al., 2006), or even
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threatening (Figueira et al., 2023), although there may be considerable variation in students’
experiences and attitudes. These perceptions are often associated with lower motivation and
self-efficacy, a concept grounded in social cognitive theory (Bandura, 1986), and may
negatively affect students’ engagement and performance. Thus, exploring ways to support
students in their mathematics learning and achievement may have a significant impact on
their future.

Arens et al. (2022) found in their longitudinal study that students' former mathematics
grades and test scores were positively related to their self-efficacy, which, in turn, was
positively related to their later mathematics test scores but not their mathematics grades.
Previous research has also consistently shown a negative association between mathematics
anxiety and self-efficacy, indicating that students with higher self-efficacy tend to report
lower levels of mathematics anxiety (Gonzales et al., 2019; Hiller et al., 2022; Kaskens et al.,
2020; Rozgonjuk et al., 2020; Sanli, 2021; Zivkovi¢ et al., 2023).

Testing or assessment can be a particularly anxiety-inducing component of learning
mathematics (Kazelskis et al., 2000; Lukowski et al., 2019). This may be especially the case
in high-stakes contexts, such as national examinations, where performance has substantial
academic consequences (Heissel et al., 2021). Testing assesses academic achievement, and
performing well on tests can be significant for one’s career (Sanli, 2021). Many studies have
found a negative correlation between mathematics-related test anxiety and achievement
(Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007; Barroso & Ganley, 2021; Hembree, 1990;
Jameson et al., 2022; von der Embse et al., 2018). Additionally, Quintero (2022) revealed
that students who suffer from mathematics test anxiety tend to exhibit avoidance patterns
in their everyday lives; this can also potentially explain poorer achievement results.

While prior research often refers broadly to mathematics anxiety without consistently
distinguishing between state and trait components, the present study focuses specifically on
mathematics-related test anxiety. In the present study, we use the terms mathematics-
related test anxiety or mathematics test anxiety to refer to students’ self-reported tendency
to experience anxiety in mathematics testing and performance situations. Although test
anxiety may be experienced as a state in specific examination contexts, the present measure
was completed outside an actual examination and therefore does not assess momentary
anxiety during a particular test. Rather, it captures a context-specific tendency to experience
anxiety in mathematics-related assessment situations, consistent with common self-report
approaches to test anxiety assessment (Cassady & Finch, 2020; von der Embse et al., 2013).

Research has shown that online engagement and achievement are positively correlated;
however, the relationship between online engagement and self-efficacy remains unclear.
Moreover, there is conflicting evidence on how test anxiety and self-efficacy relate to online
course activity. Puzziferro (2008) found that self-efficacy and performance were not
correlated in online courses, whereas Kadoi¢ and Oreski (2018) found that students
performed better in a course when they logged in more often. In line with this, Wang &
Mousavi (2023) conducted a systematic review and meta-analysis on which log variables
predict academic achievement based on 88 studies, revealing that log variables, ranging
from generic metrics like log time and clicks to course-specific variables such as engagement
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with online activities and weekly videos, are commonly examined in relation to predicting
academic achievement. Recent learning analytics research suggests that while online
disengagement consistently predicts low achievement, high levels of online engagement do
not reliably indicate high achievement, particularly when engagement is measured cross-
sectionally (Saqr et al., 2023). Furthermore, it has also been found that engaging in specific
tasks increases individuals’ familiarity with those tasks, enhancing their confidence in their
ability to solve them (Borgonovi & Pokropek, 2019). Previous research suggests that self-
efficacy may influence academic achievement indirectly through engagement, as
engagement has been shown to mediate the relationship between self-efficacy and
performance in online learning environments (Zhuofan et al., 2024). Participating in an
online course allows students the opportunity to engage in various tasks multiple times,
helping them become accustomed to the course material and thus enhancing their self-
efficacy.

Earlier research has looked into various online courses, including Massive Open Online
Courses (MOOCs). Previous studies have found that spending more time on MOOCs predicts
better achievement (Greene et al., 2015; Phan et al., 2016). Results have also shown that
active engagement, communication, and participation are associated with better outcomes
in MOOCs (Hughes & Dobbins, 2015). Artino et al. (2008) investigated motivational beliefs
in an online course setting, specifically examining task value, self-efficacy, and perceived
instructional quality. They found that students' satisfaction with an online course is partly
influenced by their motivational beliefs and attitudes towards the learning task. Raman et
al. (2022) demonstrated that using Moodle forums can enhance students' involvement
during the course. They added that even shy students can benefit from it, as it helps to
develop better relationships between students and educators.

1.3 Current study

Building on social cognitive theory, the present study examines how students’ self-efficacy
and test anxiety (here referring to a state-like tendency to experience anxiety in examination
contexts) and behavioural engagement together relate to performance in a high-stakes
examination context. Self-efficacy may be related to both students’ test anxiety and their
online course activity. In turn, engagement in learning activities may represent a behavioural
manifestation of self-regulatory processes through which forethought is translated into
action (Bandura, 1986; Cook & Artino Jr, 2016).

It is worth noting that previous research on MOOCs has primarily focused on examining
how online behaviour influences course achievement (Greene et al., 2015; Phan et al., 2016;
Wang & Mousavi, 2023). However, in this study, we examine the relationship between online
course activity and the results of the national mathematics exam, which is not just a course
component but can also determine university admission. The online course examined in this
study was a structured, voluntary preparatory course for the national mathematics exam,
delivered via the Moodle learning management system. The course included lectures,
downloadable materials, and interactive components such as forums. This type of course
differs from fully online degree programmes or large-scale MOOCs, as it is specifically
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designed to support students in preparing for a high-stakes national examination. Thus,
anticipated exam results may serve as powerful motivators, shaping both course engagement
and self-beliefs.

In this study, online course activity refers to students’ engagement with various parts of
the course (webinar views, file downloads, video views, and forum views). Prior research in
learning analytics has shown that engagement with different online course activities, such as
video viewing, resource access, and forum participation, is often positively correlated,
reflecting broader patterns of behavioural engagement, although the strength of these
associations varies across activity types and learner profiles (Bonafini et al., 2017; Brinton et
al., 2015).

However, little research has examined the interrelationships among different activity
indicators in online courses that prepare students for a mathematics exam and their
connections to students' subject-specific self-efficacy and test anxiety. Additionally, we have
not found studies that show whether and to what extent students' activity in an online course
preparing for an exam is related to exam results. Examining the relationships among
different course activity indicators is important to determine whether they reflect a coherent
construct of online course activity. Establishing such coherence provides a basis for creating
a composite course activity variable for subsequent analyses. Therefore, the present study
addresses the following research questions and hypotheses.

e RQ1. To what extent do different indicators of online course activity (webinar views,
file downloads, video views, and forum views) reflect a coherent pattern of
engagement?

Previous research has shown that different forms of online learning activity tend to co-
occur and reflect broader patterns of behavioural engagement (e.g. Bonafini et al., 2017;
Brinton et al., 2015). Based on this, we propose the following hypothesis.

e Hi. Indicators of online course activity are expected to be positively interrelated,
reflecting overall engagement.

e RQ2. How is online course activity related to students’ test anxiety, self-efficacy, and
mathematics exam results?

Previous research has shown that achievement is positively related to self-efficacy and
negatively to test anxiety (e.g. Barroso & Ganley, 2021; Jameson et al., 2022; Rutherford et
al., 2020; Zivkovié et al., 2023). Based on this, we propose the following hypothesis.

e H2. Greater online course activity and higher self-efficacy are expected to be
associated with better mathematics exam results, whereas higher test anxiety is
associated with lower exam results.

e RQ3. Does online course activity contribute to explaining exam results beyond
mathematics self-efficacy and test anxiety?
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Previous research indicates that behavioural engagement uniquely contributes to
academic achievement in online learning environments (e.g. Greene et al., 2015; Soffer &
Cohen, 2019; Wang & Mousavi, 2023). Based on this, we propose the following hypothesis.

e H3. An online course activity is expected to explain additional variance in
mathematics exam results beyond self-efficacy and test anxiety.

2 Methods

2.1 Procedure and Sample

In Estonia, to graduate from upper secondary education, students must take a mandatory
mathematics exam; however, they can choose between a more comprehensive ("wide") and
a simplified ("narrow") exam (HARNO, n.d.; Rozgonjuk et al., 2021). The exam results can
significantly impact students' futures, as universities accept students to their schools based
on those results. Hence, these exams could also be labelled "high-stakes" exams for the
students. The wide examination is typically chosen by students pursuing mathematically
demanding study paths, whereas the narrow examination is more common among students
with less mathematics-intensive goals. As the online course examined here was designed for
students preparing for the wide examination, the sample may not be fully representative of
all students and may include students with varying levels of motivation, prior achievement,
and engagement.

In spring 2021, the schools in Estonia were on distance learning. The Estonian Ministry
of Education ordered the University of Tartu to create a free course for students graduating
from upper secondary school so everyone had equal chances to participate. The main aim of
the four-month course was to support students as they prepared for the national
mathematics exams.

The course was held in Moodle (Modular Object-Oriented Dynamic Learning
Environment), and it enabled students to learn the content online and assess their
understanding with automated feedback. Moodle provides the option to obtain log files that
detail how frequently students log into the course and what they do while logged in. Log files
can provide insight into how effectively students will manage the course and what outcomes
they will achieve.

Data for the present study were collected using an online questionnaire administered at
the end of the course. Participation in the survey was voluntary. Students were informed at
the beginning of the course about data collection and its purpose, and informed consent was
obtained online before completing the questionnaire. Gender was collected as a self-reported
variable.

2.1.1. Sample

The study sample comprises students who took the mathematics exam preparation course
in the spring of 2021. The course was open to anyone considering taking the national
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mathematics exam, even though it was intended for high school seniors graduating that year.
In total, 1430 students signed up for the course, of which 569 (39.8%) initially intended to
take the "narrow" exam, and 861 (60.2%) intended to take the "wide" exam.

National mathematics exam results (ranging from 0 to 100 points) were subsequently
obtained from the Estonian Ministry of Education and linked to the survey data. As the
mathematics exam was not mandatory in 2021 due to the COVID-19 pandemic, not all
surveyed students took the exam. Of the 213 survey respondents, 195 took the national
mathematics exam: 51 (26.2%) completed the narrow exam (M age = 19.86, SD = 4.08; 45
female, 6 male), and 144 (73.8%) completed the wide exam (M age = 18.65, SD = 1.97; 118
female, 26 male).

Given the differences between the narrow and wide examinations in terms of content,
difficulty, as well as the study’s focus on performance in a high-stakes assessment context,
the primary analyses in the present article focus on students who completed the wide
mathematics exam, resulting in an effective sample size of 144 for the analyses.

High dropout rates are rather common in online courses, as well as in MOOCs, where it
can be as high as 90%(Hew & Cheung, 2014; Jarvis, 2015). Although the drop-out rate can
be high initially, it usually stabilises after the first weeks (Evans et al., 2016). Similar patterns
may also be expected in voluntary online courses such as the one examined in the present
study. Hence, it is likely that a considerable number of students who initially enrolled in the
course, chose not to participate in the survey during the second week of enrolment. This
context may partly explain the difference between initial enrolment numbers and the
number of students who completed the survey and subsequently participated in the national
examination.

2.2 Measures

Background demographic variables, including gender, were collected via self-report using
the questionnaire.

2.2.1 Mathematics national exam results

National mathematics exam results were obtained from the Estonian Ministry of Education
and used as an indicator of mathematics achievement. Exam scores ranged from o to 100
points. However, due to COVID-19 restrictions, the national mathematics exams were
optional in the spring of 2021; thus, students could choose not to take the exam.

2.2.2 Mathematics self-efficacy and test anxiety

The mathematics self-efficacy and test anxiety were assessed using a motivational scale
adapted from Liu & Lin (2010) for the current project, which was translated into Estonian
by researchers with doctorates in psychology and education. The scale originally had six
subscales (intrinsic and extrinsic goal orientations, task value, control value, self-efficacy,
and test anxiety) (Liu & Lin, 2010); however, we used only two of them: self-efficacy and test
anxiety. All items are mathematics learning specific. For each question, the response ranges
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from 1 (completely disagree) to 5 (completely agree). Item scores were summed to create
composite indices of mathematics self-efficacy and mathematics test anxiety, with higher
scores indicating higher levels of the respective constructs.

Self-efficacy was assessed with a 5-item questionnaire. Example items are: "I believe that
I will have excellent mathematics grades in mathematics class", "Mathematics is not difficult
for me", and "I believe that I can master every topic in mathematics class". Cronbach's a =
.85 indicates that the scale has good internal consistency in our sample.

Mathematics-related test anxiety was assessed with a 7-item questionnaire. Example
items are: "Before taking the mathematics exam, I am too wary of getting a good sleep", "In
taking the mathematics exam, I am totally blank and cannot remember what I have learned
before", and "In taking the mathematics exam, I will have a negative thought that I am
inferior to other classmates". Cronbach's a = .83 indicates that the scale has very good
internal consistency in our sample. The scale assessed students’ tendency to experience
anxiety in mathematics examination contexts and did not capture anxiety experienced
during an actual test situation.

2.2.3 Indicators of online mathematics course activity

During the course, students had full access to the course materials, including forums, online
lectures, and tests. There were weekly online lectures in which the university lecturer
explained each topic on the national exam. Students could ask questions and solve different
mathematical problems during the lecture with the lecturer. The lectures were recorded so
the students could watch them throughout the course. During the course, four different
components of frequency of course activity were retrieved: webinar views, file downloads,
video views, and forum views. All these were standardised and aggregated into a single
measure of online course activity frequency by using principal component analysis (PCA).

2.3 Analysis

The data were analysed in RStudio version 4.4.0 (R Core Team, 2024). Pairwise exclusion of
missing data was used throughout the analyses. Spearman correlation analysis (p-values
adjusted using Holm’s method) was applied to investigate the relationships among national
mathematics exam scores, test anxiety, self-efficacy, and online course activity indicators,
using the corr.test() function from the psych package (Revelle, 2024). We classify
correlations in accordance with Cohen (1988), according to which effect values between .10
and .299 are small, .30 and .499 are medium, and .50 and higher are large. *

To summarise multiple indicators of online course activity into a single composite
measure, principal component analysis (PCA) was conducted, and the first principal
component was used as an index of overall course activity. Missing values were treated as
absent activity and recoded as zero. Inspection of eigenvalues (Kaiser criterion) and the scree
plot indicated a clear dominance of the first component, which, based on standardised
activity indicators, explained 65.9% of the variance, was retained as a composite indicator of
overall online course activity and used in subsequent analyses.
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Finally, we also ran a regression model in which the exam results variable was the
outcome, predicted from students’ test anxiety, self-efficacy, and course activity variables.

3 Results

3.1 Preliminary results

Table 1 below presents correlations among the indicators of online mathematics course

activity.

Table 1. Correlation analysis results for different indicators of online course activity

Variable N M SD Min Max 1. 2 3. 4.

1. Online course activity 144 .00 1.68 -1.57 6.66 1

2. Webinar Views 101 5.78 6.50 1 37 b61%%F

3. File Downloads 137 21.45 18.42 1 78 88F**  op** 1

4. Video Views 114 10.70 13.24 1 63 7QFEEE - 48%F¥*  pgFX* g

5. Forum Views 133 12.77 15.60 1 o1 8gF**  43%**  pgF*F  po¥*¥

Notes. N — sample size; M — mean; SD — standard deviation. * p < .05, ** p < .01, *** p < .001

As shown in Table 1, the indicators of online course activity were positively correlated
with one another. The strongest correlations were observed between file downloads and
overall online course activity (p = .88, p < .001), as well as between forum views and course
activity (p = .83, p < .001). Video views also showed strong correlations with course activity
(p = .79, p <.001). Moderate correlations were found between video views and forum views
(p = .62, p <.001), and between forum views and file downloads (p = .69, p < .001). These
results indicate that students who engaged more frequently in one type of activity tended to
be active across multiple components of the online course.

Table 2 below presents descriptive statistics and correlation analyses for mathematics
exam scores, test anxiety, self-efficacy, and online course activity.

Table 2. Descriptive statistics and correlations among mathematics exam scores, online course
activity, self-efficacy, and test anxiety

Descriptive Statistics

Variable N

M

SD

Min

Max

1. Exam score 144

58.28

25.34

11

98
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2. Online course activity 144 .00 1.68 -1.57 6.66 .18% 1
3. Self-efficacy 140 15.45 4.646 5 25 R .04 1
4. Test anxiety 140 22,77 5.99 11 35 -.35%**  -.08 -.51%%*

Notes. N — sample size; M — mean; SD — standard deviation. * p < .05, *** p < .001

As shown in Table 2, a large negative effect-sized correlation was found between test
anxiety and self-efficacy (p = -.51, p < .001). Mathematics exam scores were moderately
negatively correlated with test anxiety (p = —.35, p < .001) and strongly positively correlated
with self-efficacy (p = .51, p < .01). Online course activity showed a small but statistically
significant positive correlation with mathematics exam performance (p = .18, p < .05).

3.2 Main results

Results of the regression analysis predicting mathematics exam performance are shown in
Table 3.

Table 3. Results of the regression model for predicting mathematics national exam results.

B B SE t p
Intercept 42.70 13.71 3.11 <.o1
Gender -8.35 -.13 4.81 -1.74 .08
Test anxiety -.81 -.19 .36 -2.25 <.05
Self-efficacy 2.32 41 .47 4.91 <.001
Online course activity 2.51 .16 1.11 2.27 <.05
Model statistics
R2 .30
Adjusted R2 .28
F (df) 14.76 (135) ***

Note. B — unstandardised coefficient; B — standardised coefficient; SE — standard error; t — t-
value; p — significance level
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The overall model was statistically significant, F(4, 135) = 14.76, p < .001, explaining
approximately 30% of the variance in exam scores (adjusted R2 = .28). Multicollinearity was
assessed using variance inflation factors (VIFs), and all values were below 2, indicating no
problematic multicollinearity among the predictors. Self-efficacy emerged as a strong
positive predictor of exam performance ( = .41, p < .001), indicating that students with
higher self-efficacy achieved higher exam scores. Test anxiety was a significant negative
predictor (B = -.19, p < .05), such that higher anxiety was associated with lower exam
performance. Online course activity also emerged as a significant positive predictor of exam
results (f = .16, p < .05), indicating that higher levels of engagement in the online course
were associated with better exam performance, even when controlling for self-efficacy and
test anxiety. Gender was not a statistically significant predictor (f = —.13, p = .08).

4 Discussion

The main contribution of this study is to demonstrate how students' online course activity,
test anxiety, and self-efficacy levels predict exam results. From a social cognitive theory
perspective, this study highlights the important role of students’ self-efficacy in regulating
their emotional responses (test anxiety) and behavioural engagement (online course
activity), which, together, can shape academic performance (Bandura, 1986, 1995). The
findings showed that online course activity was not only positively related to exam
performance at the correlational level but also emerged as a significant positive predictor
when self-efficacy, test anxiety, and gender were taken into account. This suggests that
students’ engagement with online course resources contributes uniquely to exam
performance, beyond students’ self-beliefs. This study was conducted within a voluntary
online course, which may also have influenced the findings. Students in voluntary courses
may have a greater sense of autonomy, which can enhance their self-efficacy and reduce
anxiety, as they are engaging in the course out of personal interest rather than obligation. To
foster positive affect, it is important to enhance students’ motivation in the classroom
(Schweinle et al., 2006). Positive affect reduces negative feelings, including the perception
that mathematics is difficult or complicated. Engaging in activities perceived as interesting
or important is influenced by past experiences where needs were either satisfied or hindered
(Deci & Ryan, 2000).

Our first research question examined how different students’ activities in an online
course (webinar attendance, file downloads, video views, forum views, and composite online
course activity) correlated with one another. We found that the correlations among those
variables were relatively high, indicating that more active students tended to participate in
all parts of the course. These findings support treating online course activity as a coherent
construct rather than as separate, unrelated behaviours.

In the introduction, we posed the question of whether more mathematics-anxious
students participate more actively in online courses than less anxious students, or vice versa.
However, our analysis did not reveal any significant relationship between students' levels of
anxiety and their participation in the online course. One explanation for why there was no
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statistically significant correlation between online course activity and test anxiety is that, on
the one hand, more anxious students might feel the need to participate more actively on
Moodle to increase their self-efficacy. Conversely, more anxious students frequently display
avoidance patterns (Ashcraft & Moore, 2009; Daker et al., 2021) and are thus less active in
the course. It is also worth noting that these findings are based on a sample of students who
chose the “wide” mathematics examination. As such, the absence of a significant relationship
between test anxiety and online course activity may not generalise to all students, and
different patterns may emerge in more diverse student populations. Ultimately, these
conflicting ideas suggest that the relationship between test anxiety and online course
participation may be more complex than initially anticipated, and further research is needed
to explore these dynamics in more depth. From a social cognitive theory perspective, anxiety
may interfere with self-regulatory processes when students perceive limited control over
high-stakes exams (Bandura, 1995), but such effects may vary depending on contextual and
individual factors.

Our second research question examined how online course activity is related to students’
test anxiety, self-efficacy, and mathematics exam results. We found that, at the bivariate
level, students who take a more active role in an online course tend to achieve higher scores
on the mathematics exam. These results are partially consistent with previous research,
which has found that being more active and spending more time on MOOCs are also
predictors of higher achievement (Greene et al., 2015; Kadoi¢ & Oreski, 2018; Phan et al.,
2016). However, we found no statistically significant correlations between online course
activity and students’ self-efficacy. Thus, our results did not confirm Alamri's (2022)
findings, as we did not observe a significant relationship between students’ higher self-
efficacy and more active participation in the online course. One possible explanation for this
is that we did not specifically examine course-related self-efficacy and test anxiety. Instead,
we assessed students' general self-efficacy and test anxiety in mathematics, which may not
directly correlate with their engagement in the specific online course. It is likely that
students' confidence in their general mathematical abilities does not necessarily translate
into increased activity or participation in an online learning environment. Our findings also
support previous research (Ayotola & Adedeji, 2009; Kim et al., 2014; Zivkovié et al., 2023),
showing a positive correlation between mathematics exam results and self-efficacy.

Given that the present sample consisted predominantly of female students, it is
particularly relevant to consider how gender-related differences in mathematics self-beliefs
may have influenced the findings. Previous research has shown that female students often
report lower levels of mathematics self-efficacy and higher levels of anxiety compared to
male students, despite demonstrating similar levels of performance (Ross et al., 2012; Xu et
al.,, 2026). From a social cognitive perspective, such differences may reflect prior
experiences, feedback, and broader social, cultural, or educational expectations rather than
actual ability differences. In the context of the present study, such patterns may have
influenced the observed relationships between self-efficacy, test anxiety, and exam
performance, and should be taken into account when interpreting the results.
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The third research question examined whether online course activity contributes to
explaining mathematics exam results beyond students’ self-efficacy and test anxiety. We
conducted a regression analysis to predict the results of the mathematics exam. The model
included predictors such as gender, test anxiety, self-efficacy, and online course activity. The
results suggest that lower levels of test anxiety and higher levels of students’ self-efficacy
significantly predict students’ academic achievement in mathematics. The significant
influence of self-efficacy aligns with previous research, which shows that higher levels of self-
efficacy are associated with better achievement levels (Street et al., 2022; Youn et al., 2010).
The results also align with previous research, which shows that higher anxiety levels can
hinder academic performance in mathematics (Ashcraft & Krause, 2007; Barroso & Ganley,
2021; Jameson et al., 2022). Self-efficacy was one of the strongest predictors of exam results
in the present study, underscoring its central role in academic achievement. This finding also
aligns with social cognitive theory, which demonstrates that self-efficacy is related to
persistence and resilience in challenging situations and thus affects performance outcomes
(Bandura, 1986, 1995). Zimmerman (2000) similarly found that students' self-efficacy,
rather than anxiety, has a greater impact on their academic performance.

In addition, online course activity was also a significant positive predictor of
mathematics exam performance, even when gender, test anxiety, and self-efficacy were
included in the regression model. This indicates that online course engagement may
contribute uniquely to mathematics exam performance beyond students’ self-beliefs. This
aligns with the role of forethought described in social cognitive theory, which suggests that
anticipated exam outcomes may motivate students to engage more actively in exam
preparation (Bandura, 1986). This finding suggests that students’ engagement with online
course resources contributes uniquely to exam outcomes, beyond the effects of self-efficacy
and anxiety. However, the relatively smaller effect size of online course activity compared to
self-efficacy indicates that behavioural engagement may support, rather than replace,
motivational factors in high-stakes exam contexts. In this respect, the findings partially align
with those of Soffer and Cohen (2019), who reported a positive relationship between course
engagement and academic achievement. From a self-regulated learning perspective,
students’ engagement in the online course may reflect their ability to actively manage their
learning processes, particularly in a voluntary learning context. This may help explain why
online course activity emerged as a significant predictor of mathematics exam performance:
students who engage more actively in the online course are also likely to be more actively
involved in their own learning processes.

Despite the significant findings of this study, several limitations need to be considered.
First, the sample size in this study was relatively small, limiting the generalisability of the
results. Second, the sample was skewed towards women, and voluntary participation may
have introduced bias, as more motivated individuals were more likely to participate.
Additionally, because exams were optional rather than mandatory in 2021, participation
may have been biased towards more motivated or confident students. Consequently, the
exam results may not accurately reflect the true academic abilities of the entire student
cohort. Third, the questionnaire response rate was low, potentially limiting the
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representativeness of the results. Given students' busy schedules during exam season, it is
understandable that only a limited number of responses were received to the questionnaires.

It is also relevant to consider that the present analyses were conducted on a sample
consisting only of students who chose to take the “wide” mathematics examination. These
students may differ from the general student population in terms of motivation, prior
achievement, or attitudes toward mathematics. As such, the findings should be interpreted
with caution and may not be directly generalisable to all students. Future research should
examine whether similar patterns are observed in more diverse samples, including students
with different levels of mathematical engagement and achievement.

Despite these limitations, this study has several strengths. First, the study examined
indicators of online course activity, providing valuable insights into students' behaviour
during the course. Rather than relying solely on self-reported engagement, using Moodle log
data enabled an objective description of how students interacted with different course
components. These findings may help to understand how students interacted with the
learning management system, and this can also help instructional designers gain confidence
that the use of educational technology is worthwhile. We showed that students who were
more active in one type of online course activity tended to be more active in other activities
as well, indicating consistency in their engagement patterns. Second, the study used both
exam results and self-reports to analyse students' academic performance, behaviour, and
self-beliefs, providing a comprehensive understanding of the topic.

Conclusions

In conclusion, examining the relationships among online course activity, test anxiety, self-
efficacy, and mathematics achievement provides important insights into students’ learning
and performance in an online exam-preparation context. The study combined online course
log data, self-reported measures, and national mathematics exam results to examine how
behavioural and emotional factors relate to mathematics exam performance. Our results
showed that at the bivariate level, online course activity was positively associated with
mathematics exam scores; moreover, regression analyses indicated that online course
activity, self-efficacy, and test anxiety each contributed uniquely to exam outcomes, with
self-efficacy emerging as the strongest predictor.

These findings underscore the central role of students’ self-beliefs and emotional
experiences in high-stakes mathematics assessments, while also highlighting the added
value of students’ behavioural engagement in online learning environments. From an
educational perspective, the results suggest that supporting students’ self-efficacy and
addressing test anxiety may be particularly important components of effective exam
preparation alongside encouraging active engagement with online course resources.
Educators and online course designers may benefit from integrating instructional strategies
that simultaneously promote engagement, foster positive self-beliefs, and help students
manage anxiety.
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