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ABSTRACT Mathematical education in Greece is constantly evolving in the pursuit of optimal 
learning outcomes for students despite their cognitive differences. This study seeks to gain insight 
into the use of new technologies in teaching probability theory and the gender differences in the 
comprehension of probability theory. To this end, a survey was conducted involving 500 students 
of the Department of Statistics and Insurance Science at the University of Piraeus. The respective 
questionnaire involves questions of self-reported results and employs the Likert scale to obtain 
the students’ perceptions. Our data demonstrate no difference among the genders regarding the 
use of new technologies or their performance (i.e., the test scores) in the relevant courses.
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Introduction

Female-identifying individuals have been reported to be 
heavily underrepresented in most mathematically inten-
sive areas (Holman et al., 2018; Thelwall et al., 2019), 
which has stirred the discussion on gender stereotypes 
in education and the corresponding implications in the 
occupational realm. Furthermore, modern education 
methods are embracing electronic means (e.g., electron-
ic platforms, educational software, digital games, etc.), 
which have strengthened the efforts to transmit knowl-
edge in these fields. However, the following questions 
have arisen: "Are the new teaching approaches that 
employ mathematics educational technologies achieving 
their purpose of improving the level of understanding 
and helping students pursue their professional goals?" 
and "Does the ability to understand mathematics and 
its branches depend on gender?". We acknowledge that 
similar questions have been addressed before regarding 
various education systems. Nevertheless, such issues 
remain largely overlooked with regard to Greek educa-
tion, and we aim to fill this gap. 

The purpose of the present study is twofold. Firstly, 
we investigate whether electronic educational means 
contribute to a deeper and more effective comprehen-
sion of the notions traditionally included in Probabili-
ties courses. Secondly, we assess whether gender affects 
the ability to understand and learn the relevant notions. 
To this end, a questionnaire consisting of thirty ques-
tions was developed and distributed to students at the 
Department of Statistics and Insurance Science at the 
University of Piraeus. The relevant questions addressed 
various aspects relating to the application of electronic 
educational means, the learning outcomes as perceived 
by the students, and their interest in the field of Prob-
abilities and its potential for further study. Moreover, 
we employed statistical tests to assess whether gen-
der relates to the answers given, thus serving both our 
purposes. We obtained a sample of 500 responses from 
students who have been taught the course in proba-
bility theory or courses involving substantial proba-
bilistic contents. Finally, we acknowledge that both 
the research questions entail a vast range of import-
ant aspects and implications, which are unlikely to be 
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(i.e., interested in things) and females are more social-
ly oriented (i.e., interested in people). The same study 
attributes the STEM gender gap to workplace discrim-
ination, gender preferences, within-gender variability, 
socialization, culture, and biology. 

Similar traditional views have been supported in 
several studies focusing on the performance on stan-
dardized tests of mathematical reasoning, such as 
SAT-M and GRE. For example, Halpern et al. (2007) and 
Tsui et al. (2011) report that females score lower than 
males on the mathematics section of the standardized 
tests for admission to colleges and graduate schools. 
Furthermore, Gallagher and Kaufman (2005) report that 
males score higher than females on these tests. Howev-
er, males and females attend equally demanding class-
es in high school-level mathematics, and females earn 
higher grades. In line with this research, several studies 
(e.g., OECD, 2018; Mostafa, 2019) highlight that the gap 
between male and female participants in STEM courses 
is still relevant. Hango (2013) attributes the STEM gaps 
to gender differences in mathematical ability and dif-
ferences in values and preferences, such as labor mar-
ket expectations, including family and work balance, 
differences in motivation and interest, and other influ-
ences. Moreover, Fryer and Levitt (2010) assess various 
factors potentially causing the gender gap. These factors 
involve time invested in preparation for mathematics 
courses, lower parental expectations for females, and 
biased tests, with the results, however, providing little 
support for the aforementioned hypotheses. Contrary 
to the previous beliefs, a significant body of literature 
suggests that very few cognitive measures support the 
notion of gender differences. For instance, the paper by 
Spelke (2005) reviews experimental studies finding no 
difference in the primary abilities for mathematics and, 
thus, concludes that mathematical and scientific reason-
ing relate to biological cognitive capacities, which are 
equally shared between males and females. This latter 
school of thought has existed since as early as the 1970s, 
with the seminal work of Maccoby & Jacklin (1974, p. 
349) arguing that the notion of objected-oriented males 
as opposed to socially-oriented females is one of the 
“unfounded beliefs about sex differences.” We note 
again the distinction between sex and gender, which, 
however, during the 1970s, was more of an academic 
discussion than a self-identifying matter.

In this context, the report by the United Nations 
Educational, Scientific and Cultural Organization 
(UNESCO, 2019) advocates that gender bias is still 
prevalent and, in some settings, relevant to the entire 
education system. This bias is met in various forms, 

covered in 30 questions. However, the present study, 
albeit not fully covering these topics, provides the 
foundation for a promising strand of research.   

Theoretical Background 

Probability theory provides a systematic approach to 
studying randomness and uncertainty (Ramachandran 
& Tsokos, 2021). Central notions in probability theo-
ry include random variables, distribution functions, 
stochastic processes, and events, which are the mathe-
matical abstractions of non-deterministic events, either 
occurring once or evolving over time. These notions com-
monly exhibit increased complexity, thus posing various 
challenges on the learner’s part and the teacher who is 
expected to guide them through the learning process. 

Many students need help comprehending probabil-
ity and statistical concepts in various educational con-
texts (Chiesi & Primi, 2010). Traditionally, education 
systems address the respective challenges via the mech-
anisms of probabilistic algebra. Pratt & Ainley (2014) 
argue that for secondary school students, probabilistic 
algebra is most often learned as a set of rules to be fol-
lowed in order to get the correct answer, which leaves 
the notions themselves distant and meaningless. In this 
context, Biehler (1991) defines the “concept-tool” gap as 
the lack of integration between the meanings of uncer-
tainty students hold and the performance demands 
made in curricula and examinations. 

The notions of Probability theory offer a powerful 
foundation for many mathematical techniques, from 
statistical methods in science and social policy to tech-
nological risk analysis and economic decision theory 
(Fox, 2003). Thus, subjects in Probability theory have 
gained their place in modern curricula. Furthermore, 
Probability theory provides valuable tools for almost 
all sciences, and this is why the relevant introductory 
notions are included in secondary education as well.

Gender Diversity

The idea that males outnumber females in fields with-
in science, technology, engineering, and mathematics 
(STEM) has become the conventional wisdom over the 
past few decades, both in education and in the occu-
pational realm (Stewart-Williams & Halsey, 2021). The 
study by Stewart-Williams & Halsey (2021) empha-
sizes that the underlying claim that males outnumber 
females in quantitative subjects is commonly associat-
ed with the notion that males are more object-oriented 
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misconceptions on the part of the students and create a 
more efficient learning environment.

The students’ perceptions regarding technolo-
gy-aided teaching provide another strand for empir-
ical research. The study by Davidovitch and Yavich 
(2018) investigates the perceptions of Israeli students in 
Grades 9 and 10 on the use of tablets for education pur-
poses. The specific study differentiates between STEM 
and non-STEM subjects and considers both the cogni-
tive and the affective dimensions. The study finds no 
difference between STEM and non-STEM subjects both 
in the cognitive and the affective dimensions. Further-
more, the study finds no correlation between the age of 
the students and their tendency to weigh more, either 
the cognitive or the affective dimension. On the other 
hand, the study finds significant gender differences in 
the weighting of the cognitive and affective dimensions 
regarding the use of tablets for education. More pre-
cisely, this study finds that males attribute more weight 
to the cognitive dimension, which is consistent with 
the traditional school of thought, and to the affective 
dimension, which contrasts with the traditional views. 
Overall, these results suggest that males exhibit better 
affinity than females toward technology means. 

Moreover, Mezhennaya & Pugachev (2018) assess 
the effects of using interactive computer-based meth-
ods with regard to the subject Probability theory and 
mathematical statistics offered to third-year engineer-
ing students at the Bauman Moscow State Technical 
University. The results of this study demonstrate that 
students achieve higher education outcomes when com-
puter-based tasks are incorporated into the convention-
al lectures and seminars of the course regarding the first 
(i.e., Probability Theory) of the three teaching modules 
of the course. These findings reveal the positive effects 
of interactive computer-based education methods on 
the learning outcomes in probability theory.

The role of computer-assisted teaching was exam-
ined by Gürbüz & Birgin (2012) with regard to detect-
ing and remedying probability misconceptions, such as 
the representativeness heuristic, the positive and nega-
tive recency, and the equiprobability bias. The specific 
study showcases that both the instructional approach-
es under consideration (i.e., traditional instruction and 
computer-assisted teaching) improve the students’ 
understanding of probability contents and reduce their 
misconceptions. However, when the improvements 
in the groups are compared, the authors find that the 
intervention in the computer-assisted group was more 
effective in remedying the misconceptions. These find-
ings demonstrate the effectiveness of computer-based 

including the absence of women as leaders in text-
books, differential expectations of males and females 
by teachers, school policies that put pregnant girls at 
the door rather than respecting, protecting, and fulfill-
ing their educational aspirations, etc. Furthermore, the 
same report claims that progress toward gender equal-
ity requires complementary and collective actions that 
promote female rights and empowerment, given the 
institutional, societal, political, and legal barriers that 
have historically restricted their participation in com-
plete education, including their equal participation in 
higher education within STEM fields. The econom-
ic aspects of increasing female participation in STEM 
education are discussed in the report by the Europe-
an Institute for Gender Equality report (EIGE, 2017), 
which forecasts the employment and economic benefits 
of closing the gender gap in STEM for the European 
Union (EU), and finds a considerable rise in employ-
ment, estimated between 850000 and 1200000 jobs and 
an increase between 2.2 and 3.0% in the GDP per capita, 
by 2050. This evidence substantiates the targets of gen-
der equality with regard to STEM participation, which 
has become essential to the EU. 

The use of New Technologies in Education 

We increasingly observe the great influence that new 
technologies exert in the field of education. Online edu-
cation platforms have been gaining momentum during 
the past two decades and, by now, have become an 
integral part of modern education systems.   The Greek 
schools seem to be grasping this impetus and have 
intensified their efforts to engage electronic means in 
teaching conduct. Images, videos, and apps are argu-
ably more appealing than conventional tools such as 
books and blackboards, especially for younger cohorts, 
and thus, such tools become highly useful during the 
lessons. Thus, technology-aided teaching seems to pro-
vide a very promising avenue for class conduct, capa-
ble of leading to more elaborate and comprehensive 
courses. Furthermore, substituting conventional with 
computer-based tools, which allow for course experi-
ments, differentiates the perception of the students for 
the course and may be argued to lead to a more enjoy-
able and creative educational experience. 

One important aspect of the education shift toward 
technology relates to bridging the concept-tool gap, 
discussed concerning probability courses in Batanero 
et al. (2005) and statistics in Biehler & Hoffman (2011). 
Such approaches design integrated learning programs 
utilizing digital simulations to overcome the stochastic 
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technology against conventional teaching regarding 
elaborate notions in probability theory.

The purpose of the present study is to investigate (i) 
whether electronic means contribute to a better under-
standing of probability theory and its applications and 
(ii) whether gender plays a role in the learner’s ability 
to understand and assimilate the relevant notions. This 
study contributes to the mathematics education litera-
ture regarding the Greek educational system, wherein 
relevant studies are scarce.  

Statistical Analysis 

In order to assess the effects of the application of new 
technologies in the teaching of probability theory and 
the gender-based differences in the comprehension of 
probability theory, we conducted a survey. The relevant 
questionnaire was developed by the teaching staff in 
the Department of Statistics and Insurance Science at 
the University of  Piraeus and was administered to the 
students of the department through electronic commu-
nications. The target group involved students who, by 
that time, had attended the course Probability Theory I 
via MS-TEAMS and were currently attending the course 
Probability Theory II via conventional lectures. There-
fore, these students possessed experience in attending 
relevant content both virtually and conventionally. 
The questionnaires were distributed between Decem-
ber 2021 and January 2022, and their responses were 
collected through the university’s electronic platform. 
It comprised a total of 30 questions (i.e., demographic 

questions, multiple choice questions, questions of self-re-
ported results, and Likert scale questions) assessing the 
students’ perceptions. The questionnaire included choic-
es for male, female, and non-binary respondents. We 
obtained responses from 500 participants, 47% (235) of 
whom were males and 53% (265) were females (no one 
identified as non-binary), all of whom were undergrad-
uate students. Below, we present the statistical analysis 
of the questionnaire responses. We produce the frequen-
cy charts, discuss the results of the questions, and per-
form statistical tests to examine whether gender affects 
the students’ perception regarding the application of 
new technologies for teaching purposes and the abili-
ty to understand and learn the notions of probabilities. 
Retaining the respondents’ gender information enables 
us to test the various aspects of technology and educa-
tion, taking into account the gender factor. 

The first question considers the application of elec-
tronic means for educational purposes (e.g., electron-
ic platforms, electronic educational material, e-books, 
e-exams, digital games, etc.) and their effectiveness 
regarding the learning objectives of the courses (i.e., the 
ability to comprehend and apply the basics of probability 
theory, set theory and combinatorics, and successfully 
address relevant real-life problems and applications), 
as perceived by the students. This is a 5-point Likert 
scale question, with the answers indicating the degree 
to which the respondent thinks that electronic means 
support the course performance objectives. Potential 
answers indicate the degree, which can be very low, low, 
moderate, high, or very high. We emphasize that this is a 
perception question that investigates the students’ views 

on the effectiveness of the rele-
vant means and directly relates 
to the first of our research ques-
tions. The respective answers 
are summarized in Figure 1. 

Initial inspection of the spe-
cific results reveals a balanced 
picture regarding the use of 
electronic means for educa-
tion purposes. Excluding the 
high degree where the females 
clearly surpass the males and 
the low degree where the 
males surpass the females, 
the rest of the answers indi-
cate that there is no difference 
between males and females 
in their perception regarding 
the use of electronic means for 

Figure 1

Percentage by gender regarding the use of electronic means in education and 
performance objectives
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always been particularly user-friendly and thus may 
have caused a level of anxiety in students. Nevertheless, 
the use of relevant tools has become the norm, espe-
cially regarding statistics education and practice, and 
therefore, their application is of particular interest. This 
is a 5-point Likert scale question assuming a similar 
structure to the previous one. We note that the specific 
question focuses on the interest aspect of technology, 
which is a vital element of the learning process. The cor-
responding results are summarized in Figure 2.

The students' answers show that using new tech-
nologies within the scope of the Probability course 
increased their interest in the relevant notions to a mod-
erate to very high degree in a percentage that exceeds 
80%. No major difference is observed between males 
and females, excluding the moderate degree to which 
females clearly surpass males. 

In order to investigate the relationship between gen-
der and the interest in the Probability contents caused 
by the use of the new technologies, we perform a χ2 
test, which groups the answers into two groups (i.e., 
one including the answers “very low” and “low” which 
involves the students who do not think that their inter-
est was enhanced by the use of the relevant tools, and 
one including “moderate”, “high” and “very high” 
which involves the students assuming a contrasting 
view), and can be formally stated as follows:

�Ho: "Gender is independent of the view that inter-
est in the course is enhanced by the use of new 
technologies such as specialized software."

�H1: "Gender is not independent of the view that 
interest in the course is enhanced by the use of 
new technologies such as specialized software."

education purposes. Furthermore, a substantial part of 
the participants, both males (i.e., 24%) and females (i.e., 
35%), seem to agree that the application of electronic 
means facilitates the learning objectives of the Proba-
bility courses. 

In order to assess the students’ views regarding the 
effectiveness of electronic means in education, we con-
ducted a χ2 test. This test groups the students into two 
groups (i.e., one including those answering “very low” 
and “low” who do not believe that the application of 
electronic means supports the course learning objec-
tives, and one including those answering “moderate”, 
“high”, and “very high” who support the other view), 
and can be formally stated as follows:

�Ho: "Gender is independent of the opinion that 
attending a course using electronic means is 
more efficient in terms of the learning objectives 
of the course."
�H1: "Gender is not independent of the opinion 
that attending a course using electronic means is 
more efficient in terms of the learning objectives 
of the course."

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 4.170; df = 4; p-value = 0.383), 
and thus, we can conclude that 
gender is independent of the 
opinion that attending a course 
using electronic means is more 
efficient in terms of the course 
learning objectives. 

The second question inves-
tigates whether the students 
believe that the new technolo-
gies adopted within the scope 
of the course enhanced their 
interest in probability notions. 
Here, we use the term new 
technologies as a term broader 
than electronic means, which 
includes software tools poten-
tially requiring programming 
skills. Such tools have not 

Table 1

Test results for the use of electronic means in  
education and performance objectives

		  Test statistic	 P-value	 df

	 Pearson χ2	 4.170	 0.383	 0.383
 
	 Number of	 500 
	 observations

Figure 2

Percentage by gender regarding the use of new technologies and interest in probability
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outcomes of the course and is thus of utmost interest in 
the context of this study. The responses are summarized 
in Figure 3.

The previous chart reveals that male students per-
formed insufficiently and poorly but sufficiently in their 
first exam in Probabilities, about 25%, whereas female 
students performed about 28%. In other words, a total 
of 58% of the students performed poorly, receiving low 
and very low grades. Furthermore, there seems to be 
a slight differentiation regarding the very good perfor-
mance, with 5% of males and 11% of females.

Subsequently, we seek to assess whether gender 
relates to performance in the first exam in Probability. 
To this end, we employ the χ2 test formally stated: 

�Ho: "Gender is independent of the grade in the 
first exam in the Probability course."
�H1: "Gender is not independent of the grade in 
the first exam in the Probability course."

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 2.709; df = 4; p-value = 0.608), 
and therefore, we conclude that gender is independent of 
the grade in the first exam in the Probability course. 

The following question seeks to determine whether 
the survey participants possessed sufficient mathemat-

ics background prior to the com-
mencement of their university 
studies. Sufficiency of their back-
ground is expected to have been 
reflected in their mathematics 
grades in the Greek State Exams. 
This is a question of self-reported 
results, using the grading scale 
of 20, which applies to Greek 
secondary education (i.e., grades 
under 10 indicate insufficient 
performance, 10-12.5 indicate 
poor but sufficient performance, 
12.5-15 indicate moderate per-
formance, 15-17.5 indicate good 
performance and 17.5-20 indi-
cate very good performance). It is 
involved in the questionnaire to 
provide some insight into wheth-
er the results in the Probability 

exams relate to prior knowledge or to the class conduct 
of the course itself. 

The chart in Figure 4 reveals that the vast majority 
of the students had moderate to very high grades in 
high school level mathematics, that is, grades ranging 
between 12.5 and 15, which are considered moderate, 
grades between 15 and 17.5, which are considered high, 

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 2.441; df = 4; p-value = 
0.655), and thus, we conclude that gender is indepen-
dent of the view that using new technologies, such as 
specialized software increased their interest in the prob-
ability notions. 

The next question focuses on the performance of the 
students in Probability, as indicated by their grades 
on the first examination. This is a self-reported results 
question utilizing the 10-grade scale adopted in Greek 
universities (i.e., grades 0-4 indicate insufficient perfor-
mance, 5 indicates poor but sufficient performance, 6 
indicates moderate performance, 7 indicates high per-
formance, and 8-10 correspond to very high perfor-
mance). This question is directly related to the learning 

Figure 3

Percentage by gender regarding the grade in the first exam in Probability

Table 2

Test results for the use of new technologies and  
interest in Probability

		  Test statistic	 P-value	 df

	 Pearson χ2	 2.441	 0.655	 4
 
	 Number of	 500 
	 observations

Table 3

Test results for the grade in the first exam in Probability 

		  Test statistic	 P-value	 df

	 Pearson χ2	 2.709	 0.608	 4
 
	 Number of	 500 
	 observations
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department. Neither gender 
seems to stand out in the school 
mathematics performance.

Subsequently, we perform a 
χ2 test to investigate whether the 
mathematics grade achieved at 
school is affected by the gender 
of the student. This test is formal-
ly stated as:

�Ho: "Gender is independent 
of grade."
�H1: "Gender is not indepen-
dent of grade."

At the 5% level of signifi-
cance, we cannot reject the null 
hypothesis (χ2 statistic = 1.348; df 
= 4; p-value = 0.853), and we thus 
provide evidence that gender is 
independent of the school-level 

mathematics grade. 
The final question we discuss is concerned with the 

intention of the students to pursue graduate-level stud-
ies that involve subjects entailing substantial probabili-
ty content. This is again a 5-point Likert scale question 
with the answers indicating how likely the individual is 
to consider pursuing a relevant graduate program. The 
specific question seeks to identify whether the probabil-
ity theory courses have enhanced the students’ interest 
in the field and whether the relevant notions have been 
mastered enough for the individual to pursue advanced 
studies. The respective answers are summarized in 
Figure 5.

This chart highlights that, in 
general, the students do not want 
to pursue graduate studies that 
include subjects with probability 
content. At first glance, male and 
female students are relatively 
close in their tendency to avoid 
such subjects at the graduate 
level.

In order to formally examine 
whether gender affects the choice 
of a graduate program that is rel-
evant to Probabilities, we per-
form the following χ2 test:

�Ho: "Gender is indepen-
dent of the choice of a grad-
uate program, including 
Probability contents."

and grades above 17.5, which are considered very high. 
Overall, these results suggest that the students have 
probably been sufficiently well-equipped with regard 
to mathematical contents prior to the commencement 
of their studies. This is to be expected, at least to some 
extent, given the quantitative nature of the specific 

Figure 5

Percentage by gender regarding the choice of a graduate Program, including  
probability contents

Table 4

Test results for the school mathematics grade 

		  Test statistic	 P-value	 df

	 Pearson χ2	 1.348	 0.853	 4
 
	 Number of	 500 
	 observations

Figure 4

Percentage by gender regarding the school mathematics grade
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The evidence provided in this study implies that 
efforts to intensify the utilization of electronic means 
for educational purposes are of vital interest to the 
educational community and should be strengthened. 
On the other hand, gender-based diversification of the 
teaching conduct, as well as the subsequent electronic 
means, do not seem to be of particular relevance here. 
However, further research is essential before it can be 
argued that such diversification efforts do not provide a 
substantial prospect. Finally, we note that the nature of 
quantitative courses such as Probability, which is intel-
lectually demanding and may deviate from common 
experience, probably necessitates an appropriate com-
bination between conventional lecturing and employing 
electronic means, which allow for effectively address-
ing problems of increased complexity. The boundaries 
between these two elements are subject to the course 
contents as well as the learners’ background and poten-
tial. It is up to the teacher to assess and appropriately 
determine the exact setting for each course.   
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	 Pearson χ2	 2.327	 0.676	 4
 
	 Number of	 500 
	 observations
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1=very little, 2=a little, 3=moderate, 4=a lot, 5=very much

1.	� Do you think that the application of electronic means 
in education has been more efficient in terms of the 
learning objectives of the course?

1 2 3 4 5

	

2.	� Do you think the use of new technology increased your 
interest in the course?

1 2 3 4 5

3.	� What was your grade in Mathematics in the Greek State 
Exams?

	

Under 10 10—12.5 12.5—15 15—17.5 17.5—20

  

4.	� What grade did you get on your first exam in Probability 
theory?

	
	

Under 5 5 6 7 8—10

 	
	  	
5.	� How likely do you think you would choose a 

graduate program that includes substantial content in 
probability?

	

Under 5 5 6 7 8—10

 

Appendix


