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Abstract - Study curriculums of higher education institutions on all levels of study (bachelor, master, and PhD) incorporate statistics
courses. Such courses are more or less mandatory in higher education and specialisation. Research has shown that students report high
levels of stress while attending statistics courses, high levels of anxiety while preparing and taking the exam and developing negative
opinions of the statistics as a scientific field. In order to revert the negative connotation that is easily developed among students, it is of
outer importance to explore the factors which impact their opinions on statistics. To do so, a survey was conducted among students who
were attending a statistical course at the bachelor's level. The survey encompassed four parts: background information, previous
experience with mathematical subjects, elements of the statistical course they feel anxiety about, and their opinion on the final outcome
of the exam and the overall course. The conducted analysis was two-fold: first, to explore are there gender differences and study
programme differences in opinions and attitudes and second, to construct a conceptual model to explore the impact of previous experience
with mathematical subjects on anxiety and opinion. Statistical analyses used to answer the defined task is structural equation modelling
(SEM). It is believed that the obtained results could shed light on the antecedents of statistical anxiety among students who are attending
a statistical course at the university level for the first time. Professors and teaching assistants could be provided with valuable insights
which can help them adjust their curriculum and in-class dynamics so as to reduce the possibility for students to develop statistics anxiety.
Besides improving the grades and percentage of students who pass the statistics exam, they could improve the students' perception of the
scientific field, thus encouraging them to pursue a career in statistics and data analysis, leading to the popularisation of the scientific
field.
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1. Introduction

Anxiety disorder became an everyday term that presents the most common mental problem in the world today. Besides
six major types of anxiety disorders as phobia, panic disorder, social anxiety disorder, obsessive—compulsive disorder
generalized anxiety disorder, and posttraumatic stress disorder, new forms of anxiety disorders have been defined in recent
years. Some of them include test and performance anxiety, mathematic anxiety, stage fright and statistics anxiety [1].

Today, in higher education we encounter the term “statistics anxiety”. Authors [2] define statistics anxiety as “an anxiety
which occurs as a result of encountering statistics in any form and at any level to involve a complex array of emotional
reactions which have the propensity to debilitate learning”. This specific anxiety presents a fear that appears when an
individual has to solve some statistics problems or instructional situations [3]. Authors [4] consider statistics anxiety as
anxiety that appears with meeting with statistics at any level and in any form regarding collecting, processing and data
interpretation. According to authors [5], statistics anxiety is affected by the perceived worth of statistics, the anxiety of class
and tests, interpretation anxiety, conceptual self-concept, fear of teachers that teach statistics and as well fear of asking for
help.

Authors [6] consider that learning statistics and statistics-related courses is quite important for the professional and
academic development of higher education students. Also, they consider that statistics anxiety is related to a lack of statistical
knowledge and that students who do not have strong background knowledge in statistics are frightened of statistics-related
courses. But statistics anxiety can be situation-specific, i.e., symptoms can appear only in a specific situation, for example,
while learning statistics or applying statistics [7].
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Having the above-said in mind, the subject of this paper is to identify the antecedents of the interpretation anxiety
and perceived usefulness of statistics among faculty students. The starting premise of this study is that the fear, anxiety,
and negative emotions towards statistics are not formed at the statistical course per se, whereas previous experience with
quantitative subjects, such as mathematics plays a role. To explore our assumption, we created and tested a new
conceptual model for exploring the impact of previous quantitative experience of students on statistical anxiety. To
evaluate the proposed model, an online survey was conducted at the Faculty of Organizational Sciences, which is a part
of University of Belgrade, Serbia, while the answers were analysed using structural equation modelling (SEM).

Our research hypothesis is defined as: Current conceptual models for exploring the students’ attitudes towards
statistics and statistical anxiety can be upgraded by incorporating new antecedents.

The paper is structured in the following sections. The introductory part briefly describes this topic's importance, the
study's subject and purpose, and the main hypothesis. The second section provides a literature review of the research
conducted on statistical fear and anxiety and the identified antecedents, as well as similarities and differences of
mathematics anxiety and statistics anxiety. In the next section, we present our conceptual model, its hypotheses, and the
statistical method used for model validation (Structural Equation Modelling - SEM). Section four is related to the
research methodology, the sample characteristics and the study results. The final section sees the summary of the
findings and conclusions, future study directions and practical implications of this study, with an explanation of study
limitations and challenges.

2. Literature review

Statistics anxiety can present a critical factor which influences the students’ vocational and academic objectives [8].
Students that have developed a high level of statistics anxiety strive to miss classes, have higher level of study-related
stress and achieve lower performance on statistics tests [9]. From the student’s perspective, many students believe that
statistic course presents a major threat to graduation [10] and it may prevent students from completing their degree
programs [11], [12].

An interesting fact in research about statistics anxiety reported by [13] is that female students resulted with higher
levels of statistics anxiety at the beginning and in the middle of the examination. Also, depending on the knowledge
background, authors [14] consider that students with a social sciences background (i.e. Faculty of Education) may not
have much experience with numbers and can convince themselves to be weak with numbers. But the most often in
literature is written about the correlation between mathematics and statistics anxiety, as well as possible ways to
overcome statistics anxiety. More about these topics is presented in the following subsections.

2.1. Mathematics anxiety vs. statistics anxiety

Many authors have dealt with the problem of statistics anxiety, while many of them connected mathematics anxiety
with statistics anxiety. Those two anxieties have many similarities in terms of their effects, nature, treatments and
antecedents [15], while there is a major difference between the cognitive processes of mathematics and statistics [16].
Author [17] states that statistics anxiety is related to mathematics and test anxiety, as well as a history of an individual’s
experience regarding success and failure in mathematics. “The findings of self-report scale regarding the factors
contributing to statistics anxiety showed that students with a good numerical history tend to be less nervous” [6]. Authors
[18] and [19] believe that there is a connection between statistics anxiety and previous experience with mathematics and
statistics.

When it was first detected, statistics anxiety was observed as a type of mathematics anxiety [1]. Both, mathematics
and statistics anxiety are correlated significantly and negatively with numerical ability, while statistics anxiety is
correlated significantly with inductive reasoning ability [20]. Authors [21] have done the research with the main findings
that statistics and mathematics anxiety are related to numeric ability and to high school mathematics grade: the lower
numeric ability and high school mathematics grade, related anxieties are higher. Also, they have found that statistics
anxiety and statistics course grades are related to inductive reasoning ability: with higher ability, the statistics anxiety is
lower and the course grade is higher.

2.2. Possible ways to overcome statistical anxiety

The main reason for statistics anxiety is poor communication between teachers and students [22], while there are
many ways to decrease or even overcome statistics anxiety. One of the solutions to reduce students' statistics anxiety
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and improve their learning performance is the application of the one-minute paper strategy [23]. According to the same
authors, this strategy implies anonymous student responses at the end of the class on questions related to the material covered
covered on the class. After the class, the teacher reads all the responses and can conclude did students understood the class
and what remains to be further clarified. Another solution could be to reduce the proportion of theoretical aspects and increase
the proportion of practical examples during lectures.

Authors [24] propose the application of humorous cartoons in statistics to reduce statistics anxiety because the
application of statistics in the cartoon content decreases statistics anxiety in students and improves their learning. Also, the
application of attention-getting teaching techniques called “gimmicks in statistics classes reduces the students' statistics
anxiety [25]. Author [26] considers supporting materials and untimely tests' effect on the decrease of anxiety and increase in
performance. Another author [27] considers two approaches for the decrease of statistics anxiety: application of current news
for explaining the concepts and methodological issues in statistical research, as well as introduction with older articles with
the interesting topic for students that will be used for reading, explanation and critic, with the application of methodological
issues in statistical research. Author [28] has done research where results show that students with lower anxiety levels believe
more in their better performance in class, as well as have more interest in statistics. Author [29] considers important that
students share and discuss their experiences with statistics anxiety to overcome statistics anxiety.

3. Conceptual model for determining the antecedents of statistical anxiety among students

According to Cruise et al. [4] there are six components of statistics anxiety: (a) computational self-concept, (b) test and
class anxiety, (¢) interpretation anxiety, (d) worth of statistics, (e) fear of statistics teachers, and (f) fear of asking for help.
As the overall concept of statistical anxiety is quite complex, herein we focused on interpretation anxiety and usefulness
(worth) of statistics. Worth of statistics deals with student’s perception of the relevance of statistics, while the Interpretation
anxiety is related with the anxiety experienced when a student is faced with making a decision from or interpreting statistical
data [8]. The aim of this study is to provide insights whether or not previous experience in quantitative courses has an impact
on how students perceive the usefulness of the statistics and on their level of interpretation anxiety. Our proposed conceptual
model is given in Figure 1. We strive to explore how grades is there quantitative subjects (Mathematics 1, Mathematics 2,
and Probability theory) impact the Usefulness of statistics and Interpretation anxiety.
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Fig. 1: The proposed conceptual model.

statistics

Six research hypotheses can be formed according to the proposed conceptual model:

H;: The obtained grade on the course Mathematics 1 has an impact on statistical interpretation anxiety

H: The obtained grade on the course Mathematics 1 has an impact on the perceived usefulness of statistics

H;s: The obtained grade on the course Mathematics 2 has an impact on statistical interpretation anxiety

Hy: The obtained grade on the course Mathematics 2 has an impact on the perceived usefulness of statistics

Hs: The obtained grade on the course Probability Theory has an impact on statistical interpretation anxiety

Hs: The obtained grade on the course Probability Theory has an impact on the perceived usefulness of statistics

So far the antecedents of statistical anxiety have been studied. Onwuegbuzie [8] explored how self-perception impacts
statistical anxiety, De Meo Cook and Catanzaro [30] analysed how socio-demographic background impacted statistical
anxiety and statistics attitudes, McCaughey et al. [31] researched the impact of self-efficacy, anxiety sensitivity, and
perfectionism on both statistics/math anxiety. These studies confirm that this is a prominent field of study and that there is
still need for related research.
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3.1. Research instrument

The questionnaire consisted of four sections. The first section aimed at capturing the students' background with
questions related to gender, study program, and year of study. The following section had the goal of measuring the
students' previous experience and results with quantitative subjects at the Faculty. The students were asked to state their
grades on Mathematics 1, Mathematics 2, and Probability theory. The following five questions were adapted from [10]
and aimed to quantify the level of the students' anxiety in specific situations related to using statistics and interpreting
statistical results. The final scale examined the students' expectations and opinions on the course and the course outcomes
and it was proposed by the authors.

3.2. Partial-least squares SEM analysis

To explore the proposed conceptual model's validity, we turned to structural equation modelling (SEM). SEM analysis
is based on the principles of two statistical multivariate analyses: factor analysis and regression analysis [32], [33]. The idea
is to use the principles of factor analysis to group the measured variables into latent factors, and to use multiple linear
regression to explore the relationships between the measured and latent variables. There are two main SEM approaches:
covariance-based SEM (CB-SEM) and partial least squares SEM (PLS-SEM). The main difference between the two
approaches is their goal: CB-SEM aims to reproduce the theoretical covariance matrix, while PLS-SEM aims at maximizing
the explained variance of the dependent latent constructs [34].

A bibliometric study done by Ciavolino and associates [35] indicates that the PLS use has gained momentum relative to
factor-based SEM in recent years and that PLS-SEM analysis has been increasingly used to verify conceptual models [36].
In our study, we used PLS-SEM and the SmartPLS Software version 4 [37].

Among several algorithms available in SmartPLS 4, we turned to the bootstrapping algorithm. The bootstrapping
algorithm creates a predefined number of subsamples, estimates the SEM model on each of the subsamples, and provides
the original sample coefficients, mean coefficients, calculated standard deviation of the coefficients, the T statistics, which
is used to assess the statistical significance of the path, and the p-value [38]. To assess the model, we used the standard
metrics of model quality of PLS-SEM models — the chi-square statistics, standardised mean residual (SRMR), and NFI index.

4. Results

Alongside the results of our conceptual model, in this section, we present the case setting, so that the readers would
be familiar with the specific course curriculum and course organization. We will also present the characteristics of the
students who participated in the survey.

4.1. Case study setting

The case study presented in this paper observes the opinions and attitudes of students at the Faculty of Organizational
Sciences (FOS), University of Belgrade (UB), Serbia, on statistics and statistics courses. In recent years the FOS has become
one of the most popular faculties of UB according to the number of students who apply for the entry exam. FOS is classified
as a faculty within the technical-technological cluster of the UB as the title the students receive upon graduation is in the
field of engineering. FOS educates students on information systems and technologies (ICT) and business and management
(B&M).

The first two years of studies are quite similar for both students of ICT and B&M. In the first two years, students have
quantitative subjects such as Mathematics 1, Mathematics 2, Probability theory, and Statistics, as well as more qualitative
subjects such as Management, Marketing, Principles of organisation, and Production systems. Herein we focused on the
bachelor's studies and students who attended the lectures on the subject Statistics.

Statistics at FOS is a mandatory subject for all students, no matter the study program they attend. The course is held
in the second year, in the fourth semester. It is important here to say that in the first year, students have mandatory courses
in Mathematics 1 and Mathematics 2, while in the third semester, they have the mandatory course of Probability theory.
Therefore, before attending the course Statistics, they are expected to have attended three quantitative courses. However,
there are no official prerequisites for the student to listen and attend the course Statistics.

When the research was conducted, in the school year 2021/22, 1330 students were enrolled in the course Statistics.

The topics covered by the course are: Descriptive statistics, Sampling theory, Estimation theory, Hypothesis testing,
Parametric tests, Nonparametric tests, Analysis of variance, and Linear regression. The course lasts 15 weeks, with 13 weeks
of classes and two mid-term exam weeks. The mid-term exams take place after seven weeks of classes. During one week,
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students have 1.5 hours of lectures and 1.5 hours of practical classes. The exam consisted of two segments: theoretical and
practical segment. The theoretical part could be passed only during exam terms and consisted of a 30-minute test with open
and closed questions related to formulas, practical usage of formulas, definitions, statistical concepts, and statistical tests.
This part of the exam was assigned 70 points. The practical part was organised during the semester. Namely, every week, at
a predefined time, students were given an online quiz to solve. The quiz consisted of a task related to the lecture covered the
week before. In total 30 points could be collected this way.

4.2. Sample characteristics

The survey was conducted in March 2022. The questionnaire was disseminated to students during online lectures. The
students were asked to fill out the questionnaire and forward it to other students who did not attend the class. In total, 218
answers were collected, representing 16.4% of all enrolled students in the course.

There were 141 female respondents (64.7%) and 77 male respondents (35.3%). There is a gender disproportion among
the respondents. However, it could have been expected for two reasons: more females are enrolled at FOS [39] and females
are more likely to participate in surveys. Most of the students were second-year students (84.9%). The rest of them were
from the third or fourth year of studies. As the subject Statistics is perceived as a difficult quantitative subject, students often
do not pass it in the second year, so they have to re-take it in the following year or years.

Regarding the study program the students attend, there is a slight disproportion: 58.7% are students of the ICT program,
while the rest, 41.3% are from the B&M program. However, this slight disposition could have been expected as there are
more students enrolled in the ICT program.

The following three questions were related to the students' results on three quantitative subjects: Mathematics 1,
Mathematics 2, and Probability theory. The results are given in Table 1.

The results indicate a relatively high percentage of students enrolled in the course Statistics who have not passed
Probability theory, which is in a way an introduction to statistics. Also, numerous students have not passed the two
mathematical subjects. Of the 218 surveyed students, 130 have passed all three previous quantitative subjects. The highest
mean grade is for Mathematics 1 (7.43), which can be explained by the fact that for that exam, students had multiple chances
to take the exam and pass it. Regarding the two mathematical subjects, the modes and the medians are the same and equal to
7. This the measured standard deviations are somewhat low. The passing rate for the subject Probability theory is lower,
67.0% of the surveyed students have passed it. The mean grade was 6.98 with the mode 5, indicating that most commonly,
the respondents did not pass the exam.

Table 1: Descriptive statistics of the students' success in passing the three quantitative subjects

Subject Did not pass (Grade 5) |Passed (Grades 6 to 10) Mean Mode Median Std
Mathematics 1 12.4% 87.6% 7.43 7.00 7.00 1.483
Mathematics 2 19.7% 80.3% 7.11 7.00 7.00 1.539

Probability 33.0% 67.0% 6.98 5.00 7.00 1.690
theory

This table indicates that a good percentage of the surveyed students have adequate mathematical knowledge for
understanding the basic principles of statistics. However, regarding the course Statistics it would have been better for both
students and lecturers if more students had passed the Probability theory exam.

4.3. Verification of the conceptual model

The next step in the analysis was the inspection of the two constructs' internal consistency and validity. Three metrics
were used Cronbach's alpha [40], reliability of the partial least squares (Rho A) [41] and Composite reliability (Rho C). All
these metrics take values from 0 to 1. The closer the measured values are to 1, the greater the internal consistency is. The
threshold for all of them is 0.7 [41], [42]. As can be seen from Table 2, the two proposed scales have satisfactory values of
the three metrics. This indicates that the scales are reliable and consistent and that the SEM analysis can be performed. Also,
to additionally explore the construct structures, we calculated the Variance Inflation Factor (VIF) to assess whether there is
a problem with multicollinearity. As all obtained VIFs were below the threshold of 5, we can conclude that there is no
multicollinearity in the proposed constructs.
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Table 2: Inspection of construct validity and internal consistency

Scale Cronbach's alpha Rho A Rho C VIF
Interpretation anxiety 0.832 0.851 0.881 All VIFs are below 2
Usefulness of statistics 0.647 0.716 0.724 All VIFs are below 2.5

The following step in the analysis was related to the application of SEM analysis. Herein, we opted for the PLS-
SEM and its bootstrapping algorithm with 5000 replications. The obtained value of the chi-square statistics of the overall
model on the whole sample is 322.464, the SRMR is 0.096, while the NFI equals 0.78. Therefore, according to the
values of the evaluation metrics, we can conclude that the model is of satisfactory quality, taking into account the sample
size and the model complexity.

The results of the PLS-SEM bootstrap analysis are provided in Table 3. Out of three predictors of Interpretation
anxiety, only the grade in Mathematics 1 proved to be statistically significant. The obtained path coefficient is negative,
indicating that the higher the grade is in Mathematics 1, the less anxious the students would be regarding using statistics.
The calculated paths between Statistical anxiety and the other two predictors are as well negative but not statistically
significant. Indicating that success and grades in mathematics 2 and Probability theory have no impact on the
anxiousness related to statistics. The received grade in Mathematics 1 explains 11.3% of the overall statistical anxiety.
Again, out of the three predictors of the Usefulness of statistics, only one is statistically significant — Grade from
Probability theory. The higher the grade in Probability theory, students will find statistics more practical and used in
everyday life. The received grade in Probability theory explains 13.5% of the overall statistical usefulness.

Table 3: Results of the PLS-SEM bootstrap analysis

Construct Predictor Original sample Sample Mean Std T stat P value R?
Interpretation Mathernat%cs 1 -0.236 -0.237 0.091 | -2.594 0.010
anxiety Math.er.natlcs 2 -0.076 -0.080 0.086 | -0.884 0.377 0.113
Probability theory -0.066 -0.067 0.096 | -0.691 0.490
Usefulness Mathemat?cs 1 0.062 0.063 0.109 | 0.564 0.573
of statistics Mathematics 2 0.071 0.068 0.096 | 0.614 0.540 0.135
Probability theory 0.292 0.301 0.102 | 2.880 0.004

Some lecturing implications can be drawn from the above-presented results. The only statistically significant predictor
of Interpretation anxiety is Mathematics 1. This indicates that the first quantitative subject thought by the FOS is quite
important. Not only for the curricula, whereas as it might initiate fear, anxiety, and stress towards other quantitative subjects
and the interpretation of quantitative results. Therefore, since the first contact with the quantitative subjects a more user-
friendly should be taken, especially as the students from the FOS are more business-oriented than oriented toward theoretical
aspects. Also, the students who better understood Mathematics 1, better understood statistical concepts, and had lower
interpretation anxiety. This might indicate that the students with higher marks in Mathematics 1 were more self-confident
regarding their interpretation skills. On the other hand, Probability theory has an impact on the students’ opinion of the
usefulness of statistics. The higher the grade in Probability theory, the more the student will perceive Statistics as a useful
course. Therefore, students should be encouraged and more engaged during Probability theory classes.

5. Conclusion

Out of six research hypotheses derived from the proposed model, only two have been confirmed. Accepted hypothesis 1
indicated that the grade on the course Mathematics 1 has an impact on the interpretation anxiety related to statistics, while
accepted hypothesis 6 indicated that the grade on the course Probability theory has a positive impact on the perceived
usefulness of statistics. Interestingly, grade on the course Mathematics 2 proved not to be a statistically significant predictor
in the model. This was not expected, especially having in mind that the course curriculum of the subject Mathematics 2 is
more closely related to both Probability theory and Statistics. The research results indicate that the list of antecedents should
be extended, as well as the list of students’ opinions on different aspects of statistical anxiety and fear.
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Some limitations of the conducted research arise. First, the results should not be generalized on the level of University of
Belgrade or Serbia, as the study was done on just one faculty with 16.4% of all enrolled students in the course participating.
Therefore, a valuable future direction of the research could be towards conducting a similar or extended survey at other
faculties of the University of Belgrade on which statistics courses are taught and do a comparative analysis so unravel the
similar and different behaviour patterns among students in relation to statistics anxiety. Another potential study limitation is
the model complexity. Namely, due to small sample size, the complexity of the model was reduced. If a larger study was to
be conducted, other antecedents such as type of previous education (humanities or science high school), opinions of
quantitative subjects, opinions on the statistical course, learning techniques used, burnout could be implemented in the model
to get a more detailed picture of the students’ behaviour.

The value of this study is in the fact that the analysis on the teaching of statistics and students’ opinion, perception, and
anxiety related to statistics in Serbia is limited. The authors hope that this study could assist lecturers and teaching assistants
of statistics and statistics-related courses on how to better understand their students, their fears and anxieties. Also, we believe
that our findings could serve as a foundation for related academic research.
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