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Abstract 

This research paper aims to asses the different sources of self-efficacy in solving mathematical 
problems on a sample of 240 students in the final grades of secondary vocational schools from the City 
of Zagreb. The conducted research determined elements that affect self-efficacy in solving 
mathematical problems and it sought to examine whether there are gender differences in the self-
assessed level of self-efficacy in solving problems in the context of distance learning of mathematics. 
Although it was established that male and female students do not differ in the self-assessed level of 
self-efficacy in solving mathematical problems, it was discovered that male and female students differ 
in the various factors determining their psychological states, as one of the dimensions affecting self-
efficacy in solving mathematical problems – where female students manifest more negative 
physiological-emotional reactions to mathematics, while male students manifest less negative 
physiological-emotional reactions to mathematics. 
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1. Introduction 

The COVID-19 pandemics has created substantial challenges in education. In 
circumstances surrounding the pronouncing of the epidemic on a national level in the 
Republic of Croatia in March 2020, distance learning was organized. „The Croatian 
Government is suspending all classes in higher education instututions, secondary and 
primary schools, including the standard procedures concerning the admission of 
children in preschool programmes.“ (The National Gazette, 29/2020), after which the 
Croatian Goverment brought the decision, aimed at stopping and suppressing the 
COVID-19 epidemic, of organizing classes as distance learning for students of grades 
5 through to 8 of primary schools, as well those in secondary school (National 
Gazette, 55/2020).  

Virtual classrooms require adapting to new learning needs. Online learning and 
teaching include a diverse range of tools, resources, pedagogical approaches, roles, 
organizational arrangements, and forms of interaction, monitoring, and support 
(Bullen and Janes, 2007). Working methods are sought that would offer students 
better chances of learning (Parchoma et al. 2019) through designing and reinventing 
lecutres and a greater effort of teachers due to a lack of pedagogical support for online 
learning (Picciano, 2017). When learning in a virtual classroom, students gain a range 
of additional skills such as collaboration, communication and ethics, and the key 
generic traits necessary for learning in the 21st century overlap with digital literacy 
(Griffin and Care, 2014). The measure of self-efficacy in online pedagogy has not yet 
been empirically derived, and researchers continue to seek a balance between 
technological and pedagogial knowledge, which supports the development of teacher 
efficiecy and the role of self-efficiacy of students. (Corry and Stella, 2018). 
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1.1.  Theoretical propositions underpinning self-efficiacy   

Self-efficacy is the belief in one's ability to succeed in certain situations (Bandura 
1991), that is, to anticipate an individual's ability to solve a certain task (Gist and 
Mitchell 1992). Self-efficacy is thought to have a generative capacity: it influences 
thought patterns, emotional reactions, initiates the use of ingenuity and 
resourcefulness (Bandura, 1984). People may have the same skills, and differ based 
on their use, combination, and sequence of those skills in a developing context. Self-
efficacy is an important motivational construct because it affects: individual choices, 
goals, emotional reactions, effort, coping, and persistence of the individual (Gist and 
Mitchel, 1992). In a study Pajares (1996) finds that self-efficacy has an impact on 
academic motivation, learning, and student achievement. Students who exhibit greater 
self-efficacy display greater persistence in more difficult subjects and demanding 
cognitive processes (Zimmerman et al., 1992). Students’ beliefs concerning their 
ability to complete educational requirements are determined by the level of their self-
efficacy. Students who report relatively strong self-efficacy generally score higher 
(Yildiz and Özdemir, 2019) and are more likely to insist on technical or scientific 
studies (Lent, Brown, & Larkin, 1986). 

 
1.2 Self-efficacy - previous research 

 
A few studies have examined the mathematical self-efficacy of students in the 

virtual classroom, so this review presents a study of self-efficacy in the virtual 
classroom, as well as a study of self-efficacy in traditional mathematics teaching. 
Huang (2019) points out in his research that reduced levels of self-efficacy in the 
virtual classroom are due to a lack of physical contact and the development of social 
skills. A positive link was found between self-efficacy and computational experience 
(Heaperman, Sudweeks, 2001). For students who do not have the experience of 
working in a virtual classroom, this method can be a positive challenge, but it can also 
reduce their sense of effectiveness as there is a different reaction from students 
compared to traditional environment and live teaching, face-to-face (Hauser, Paul, 
Bradley and Jeffrey, 2012). Feelings of tension and anxiety interfere with solving 
mathematical problems especially in the case of higher mental activities and 
conceptual processes (Skemp, 1986). Research findings have shown that self-efficacy 
is the best predictor of academic achievement (Schunk, 1991). Student effectiveness 
is especially important in a challenging learning environment, such as online learning, 
where students do not have the opportunity to interact with others and as a result may 
become socially isolated and give up participating in virtual classrooms as an 
indicator of lack of self-efficacy (Lee and Choi, 2011). Mathematical self-efficacy is 
considered the best predictor of mathematical achievement (Pajares and Miller, 1994). 
Lin, Liang, Yang, and Tsai (2013) explored sources of virtual self-efficacy for older 
students and found that they are similar to the sources of self-efficacy determined by 
Bandura (1997) for the traditional classroom. With this in mind, it is important to 
examine the factors that affect students' self-efficacy and effectiveness and to apply 
new insights to online educational practices.  

Detailed research on Bandura's four sources of self-efficacy in mathematics 
teaching in Chinese secondary school students has shown that students' perceptions of 
the impact of each source of self-efficacy does not differ significantly from students' 
perceptions (Gao, 2020). Usher and Pajares (2009) conducted research to develop and 
validate items that evaluate four theorized sources of self-efficacy according to 
Bandura (1997), constructing a 24-part questionnaire essential to the self-efficacy of 
secondary school students through mathematics instruction. Research in the Republic 
of Croatia carried out by Burmec, Divjak and Žugec (2011), according to a modified 
questionnaire (Usher and Pajares, 2009), adapted for students, showed the importance 
of praise and social support for less successful students. The research points out that 
sending feedback to students and social interaction in the virtual classroom is 
positively correlated with their self-efficacy. Individuals also develop beliefs about 
self-efficacy as a result of verbal messages and social beliefs they receive from others 
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(Pajares, 2003). Boys are considered more effective in mathematics and girls in verbal 
abilities (Zimmerman and Martinez-Pons, 1990; Joët, Usher and Bressoux, 2011). A 
meta-analysis of studies according to Huang (2013) points out that men have shown a 
higher level of self-efficacy in mathematics, computing, and the social sciences than 
women. According to this research, the differences in self-efficacy in mathematics 
stand out especially in late adolescence. Busch (1995) points out that self-efficacy in 
computer use reveals gender differences among students. A survey of 1402 
respondents, Spanish high school students aged 12-17, showed how self-efficiacy 
percieved by secondary school students differed according to their social skills and 
emotional intelligence, while gender did not affect self-efficiacy, social skills and 
emotinal intelligence (Salavera, Usan and Jarie, 2017). 

1.3 Four dominant factors of self-efficacy according to Bandura 

Bandura (1997) presents the concept of self-efficacy through four factors: objective 
success, competitive incentive, social support and psychological states. 
− Objective success is based on a student's previous success in mathematics. 
Repeated success encourages the expectation of future success and reduces the 
negative effects of possible failure. 
− Competitive incentive is the observation of others who successfully perform an 
activity and the incentive to achieve their success. 
− Social support is an experience in which students receive feedback from the social 
environment on their own performance. This can be the support of parents, teachers or 
peers. Students who are verbally convinced that they possess the ability to master a 
given activity will put more effort into mastering it. 
− Psychological states include physiological and emotional reactions caused by a 
mathematical task or the very concept of mathematics. Mood also influences people’s 
judgments about their personal effectiveness. A positive mood increases perceived 
self-efficacy and a level of motivation that is reflected in the amount of effort and 
time invested to solve the problem. 

2. Methodology 

2.1. Objective 

Taking into account the results of the aforementioned research, the aim of this 
research is to examine which factors of self-efficacy are the most dominant in 
students when teaching mathematics within distance learning. The main goals 
include: determining the self-assessed level of self-efficacy in solving mathematical 
problems, detecting dimensions that affect self-efficacy and performance, determining 
the direction and level of influence of individual dimensions and determining gender 
differences in self-assessed level of self-efficacy and skill in solving mathematical 
problems on individual sources of self-efficacy. Based on the stated research goals, 
the following research hypotheses were formulated: 

H1: Students who, to a lesser extent, manifest negative physiological-emotional 
reactions to mathematics are to a greater extent assessed as self-effective in solving 
mathematical tasks in the virtual classroom of mathematics class. 

H2: Male and female students do not differ in the level of self-efficacy in a virtual 
math classroom. 

2.2. Participants 

Through empirical research, the perceptions and experiences of 240 students in the 
final grades of four secondary vocational schools in the City of Zagreb were 
examined. Participation in the study was voluntary, with respondents having the 
opportunity to terminate their participation at any time without explanation. The 
research results are anonymous and confidential, i.e., the collected data were used 
exclusively for the purpose of this paper and were not made available to other 
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individuals or institutions, they were processed collectively, at the level of the entire 
sample, and the research results cannot be linked to the identity of the respondents. 

2.3. Instrument 

The questionnaire used in the research consisted of 23 questions. Given the 
structure of the survey questions, all questions were closed and in the form of an 
unambiguous answer, with respondents being able to choose only one answer from 
the different number of answers offered. In their work “Sources of self-efficacy in 
mathematics: A validation study”, Usher and Pajares started from 84 statements that 
measured the predicted four theoretical constructs (Usher, Pajares, 2009). After the 
instrument cleaning procedure, based on various theoretical and statistical criteria, the 
authors offered a final measuring instrument consisting of 24 statements and showed 
good internal consistency in the range of .85 to .92. Brumec, Divjak and Žugec 
(2011), used an adapted version of this questionnaire for first-year research in Croatia. 
The original measurement instrument designed to measure the source and self-
assessed level of self-efficacy in learning mathematics for high school students (Usher 
and Pajares, 2009), was created based on Bandura’s theory of four theoretical sources 
of self-efficacy. For the purposes of this research, the measuring instrument was 
modified, with the purpose of adapting to work in a virtual classroom and was used 
with the permission of the authors. In doing so, the modification of the measuring 
instrument included the ejection of one statement that is not adapted to the content of 
distance learning ("When I see older students that their math is doing well, and I try 
harder") and verbal modification of six statements. 

The statement "When I see my teacher solving tasks and I can imagine solving a 
task in the same way" has been transformed into the statement "When I see a teacher 
presenting a task in a virtual classroom and I can imagine solving a task in the same 
way"; the statement "When I see that students in math class do better than me, then I 
try harder" is transformed into statement "When I notice that students in virtual 
classroom math do better than me, then I try harder", the statement “Other students 
like to do math with me because they think I'm good at math” was transformed into 
the statement "Other students ask me for help with math homework in the virtual 
classroom because they think I'm good at math", the statement “The very thought of 
sitting in a math class makes me nervous" is transformed into the statement "The very 
thought of being in a virtual math class makes me nervous", the statement "When I see 
another student solving problems and I can imagine solving the task in the same way" 
is in the statement "When I notice another student solving problems in a virtual math 
class, I can imagine solving the task in the same way", while the statement "Other 
students have told me that I am good from math” was transformed into the statement 
“Other students commented through chat in the virtual classroom that I am good at 
math. The modified survey questionnaire is shown in Table 1. 

 
Table 1. Modified survey questionnaire, designed to measure the source and self-assessed level of self-
efficacy in learning mathematics for high school students in a virtual classroom. 
Theoretically 

predicted 

constructs 

Statements 

Success in 
Mathematics 
(SM) 

I have always been good at math. 
Even when I study a lot, I get poor marks in math. 
I got good grades on the last math test. 
I'm good at solving tasks. 
I solve even the most difficult tasks well. 

Competitive 
incentive (CI) 

When I see a teacher presenting a problem solving in a virtual classroom and I can 
imagine solving the task in the same way. 
When I notice that students in a virtual classroom are better at math than I am, 
then I try harder too. 
When I notice another student solving problems in a virtual math class, I can 
imagine solving the problem in the same way. 
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I imagine that I can successfully solve even more challenging math problems. 
I compete with myself in achieving better and better results. 

Social support  
(SS) 

My teacher told me I was good at math. 
Others told me I had a talent for math. 
The adults in my family praise me when I'm good at school math. 
I was rewarded for my mathematical abilities. 
Other students commented through the chat in the virtual classroom that I was 
good at math. 
Other students ask me for help with math homework in the virtual classroom 
because they think I'm doing well. 

Psychological 
condition 

(PC) 

The very thought of being present in a virtual math class makes me nervous. 
Solving math problems consumes all my energy. 
I start to feel stressed as soon as I start doing math 
My brain blocks and I can’t think clearly when I’m solving math problems. 
I feel bad when I think of studying math. 
My whole body is tense when I have to work on math. 

 
The statements of the measuring instrument are associated with an ordinal six-point 
Likert-type assessment scale (1 = strongly disagree, 2 = disagree, 3 = somewhat 
disagree, 4 = somewhat agree, 5 = strongly agree, 6 = fully agree). 

2.4. Procedure 

The research was conducted on a convenient sample during May 2020, by the 
method of a written survey, through the technique of online surveying. A survey 
questionnaire was constructed using the "Google Forms" platform and placed in 
Microsoft Teams virtual classrooms for final grades’ students. 

2.5. Data analysis 

The research included a total of 240 participants, students of the final grades of four 
secondary vocational schools from the area of the City of Zagreb. Considering the 
gender structure of the respondents, the research sample included 74% of male 
respondents (n = 178) and 26% of female respondents (n = 62). After determining the 
suitability of data for factor analysis based on the value of the Kaiser-Meyer-Olkin 
measure (KMO = 0.91), factorization of a modified measuring instrument intended 
for measuring the source of self-assessed level of self-efficacy in a virtual 
mathematics classroom, i.e. factoring a multi-statement measuring instrument 
consisting of 23 indicators, under the component model, with application of GK 
extraction criteria of statistically significant latent dimensions and with varimax 
rotation of the basic solution, excluding from further analysis statements that 
measured multiple objects, which had a load of less than 0.5 and those statements 
whose omission increased the Cronbach's alpha coefficient of reliability of the parent 
reference theoretically predicted dimension, provided that each individual factor 
saturates a minimum of three statements, the final factor structure was obtained 
(Table 2). Four statistically significant independent dimensions were extracted, which 
correspond in content to the theoretically predicted constructs. 
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Table 2: Factor loads of statements retained in the analysis on the extracted latent dimensions 

Statements of the measuring 

instrument 

Latent dimensions 
Psychological 

condition 

(PC) 

Success in 

Mathematics 
(SM) 

Competitive 

incentive 
(CI) 

Social 

support 

(SS) 
My whole body is tense when I 
have to do math 

.859 -.230 -.100 -.068 

I feel bad when I think of studying 
math 

.786 -.208 -.284 -.025 

Solving math problems consumes 
all my energy 

.773 -.060 -.075 -.222 

The very thought of being present 
in a virtual math class makes me 
nervous 

.772 -.262 -.037 -.150 

My brain blocks and I can’t think 
clearly when I’m solving math 
problems 

.736 -.280 -.147 -.148 

I solve even the most difficult 
tasks well 
I'm good at solving tasks 

-.287 .791 .116 .136 

I am good at solving tasks -.320 .791 .169 .029 
I have always been good at math -,.48 .779 .025 .213 
I compete with myself in 
achieving better results 

-.109 .143 .792 .097 

When I notice that students in a 
virtual classroom do math better 
than I do, then I try harder too 

-.208 .036 .780 .244 

When I notice another student in 
the virtual math class solves tasks, 
and I can imagine that I solve the 
task in the same way 

-.077 .071 .762 .001 

I am rewarded for my 
mathematical abilities 
The adults in my family praise me 

-.064 .111 .098 .858 

The adults in my family praise me 
when I'm good at math at school 
Other students commented 
through a chat in the virtual 

-.146 .062 .107 .751 

Other students commented through a 
chat in the virtual classroom that I 
was good at math 

-.301 .378 .126 .600 

Cronbach's alpha reliability 
coefficient 

.890 .804 .727 .704 

 
The intrinsic value (Table 3) of the first factor (dimension of psychological 

condition, i.e. negative physiological-emotional reactions caused by a mathematical 
situations or the concept of mathematics) is 3.48 and it interprets 24.82% of the total 
variance of the instrument; the intrinsic value of the second factor (the dimension of 
objectively measurable good performance in mathematics, i.e., the perceived level of 
self-efficacy in solving mathematical problems) is 2.29 and it interprets 16.37% of the 
total variance of the instrument; the intrinsic value of the third factor (dimension of 
competitive incentive, i.e. the existence of competitive incentives for greater self-
efficiency in solving mathematical problems) is 2.02 and it interprets 14.39% of the 
total variance of the instrument, while the intrinsic value of the fourth factor 
(dimension of social support, i.e. existence of positive feedback from the social 
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environment regarding their own success in solving mathematical problems) is 1.89 
and it explains 13.52% of the total variance of the instrument. In doing so, all factors 
together account for 69.10% of the total variance of the instrument. 

 
Table 3: Intrinsic values of extracted latent dimensions and share of interpreted instrument variance 

Latent dimensions 

Values after rotation of the basic solution 

Intrinsic 

value 

Share of interpreted 

instrument variance 

Cumulative share 

of interpreted 

instrument 

variance 

Psychological condition (PC) 3.475 24.823% 24.823% 

Success in mathematics (SM) 2.292 16.374% 41.197% 

Competitive incentive (CI) 2.015 14.392% 55.589% 

Social support (SS) 1.892 13.515% 69.104% 

 
According to the results of the factor analysis, the factors which influence self-

efficacy in learning mathematics through teaching in a virtual classroom among 
secondary vocational school students include: psychological condition (negative 
physiological and emotional reactions caused by a mathematical task or the concept of 
mathematics), previous success in mathematics (objectively measurable and 
subjectively perceived), competitive incentives (which include observing others who 
successfully perform an activity, and serves as an incentive to achieve their success or 
competition with themselves) and social support (experience in which students 
receive positive feedback from the social environment in regarding their own success 
in solving mathematical problems). 

Based on the obtained factor structure, additive weighted indices were constructed, 
where the weights represented the factor loads of each statement on the initial factor. 
For each subject, the values of the reference factor statements were summed, which 
were previously multiplied by the factor load of the statement to the initial factor. To 
equalize the scale ranges of the constructed indices, the obtained additive weighted 
score is divided by the number of statements of the reference factor, and the 
theoretically predicted scale range of all indices ranges from 0 to 6. 

Judging by the average values of constructed indices, i.e., detected dimensions that 
affect self-efficacy and skills in solving mathematical problems (Table 4), 
respondents largely agree with the claims of the index of competitive incentives (M = 
2.87), i.e., acknowledge the effect certain factors that motivate them to be more 
efficient in solving mathematical problems. They moderately agree with the 
statements of the index of psychological condition (M = 2.61), that is, they 
moderately express negative physiological-emotional reactions to mathematics. To a 
relatively lesser extent, they agree with the statements of the index of previous 
success in mathematics (M = 2.48), i.e., they evaluate the hitherto objectively 
measurable and subjectively perceived successes in solving mathematical problems 
with a relatively low grade. Respondents agree with the statements of the social 
support index to a relatively small extent (M = 2.27), i.e., they do not report positive 
feedback from the social environment regarding their own performance in solving 
mathematical tasks. 

From all of the above, it can be concluded that the surveyed students, while 
attending virtual math classes, express moderately negative physiological and 
emotional reactions to mathematics, they rate relatively low the objectively 
measurable and subjectively perceived successes in solving mathematical problems, 
do not receive external praise for their own success, while competitive incentives 
have a moderately positive effect on their engagement and motivation to successfully 
solve mathematical problems. 
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Table 4. Descriptive statistical indicators of detected dimensions that affect self-efficacy and skill in 
solving mathematical problems 

 
Psychological 

condition 

(PC) 

Success in 
Mathematics (SM) 

Competitive 

incentive 
(CI) 

Social 

support 

(SS) 

Valid answers 240 240 240 240 
Arithmetic mean 2,.61 2.48 2.87 2.27 
Medial value 2,.51 2.62 3.10 2.10 
Modal value .79 and 4.71 3.15 3.89 1.47 
Standard deviation 1.14 0.88 0.97 0.97 
Variance 1.31 0.77 0.95 0.93 
Asymmetry (Skewness) .232 -.003 -.392 .255 
Standard asymmetry error .157 .157 .157 .157 
Flatness (Kurtosis) -1.057 -.731 -.658 -.899 
Standard flattening error .313 .313 .313 .313 
Empirical range of results 3.93 3.67 3.89 3.68 
Minimum .79 .79 .78 .74 
Maximum 4.71 4.46 4.67 4.42 

Kolmogorov-Smirnov Z. 
test statistic 

1.545 1.404 1.519 1.394 

Statistical significance .017 .039 .020 .041 
 
Among the constructed indices, statistically significant intercorrelations of the 

expected direction were found (Table 5), with students who to a greater extent express 
negative physiological and emotional reactions to mathematics to a lesser extent 
testify to objectively measurable and subjectively perceived successes in solving 
mathematical problems, to a lesser extent they report positive feedback from the 
social environment regarding their own success in solving mathematical problems, 
and to a lesser extent they are motivated by competitive incentives to be more self-
effective in solving mathematical problems. The following are statistically 
significantly positively related: levels of objectively measurable and subjectively 
perceived success in solving mathematical tasks up to now, levels of positive 
feedback from the social environment regarding one's own success in solving 
mathematical tasks and levels of motivating competitive incentives for greater self-
efficacy. 

 
Table 5. Spearman's rho coefficients rank correlation among detected dimensions that affect self-
efficacy and skill in solving mathematical problems 

Latent dimensions 

Psychological 

condition 

(PC) 

Success in 

Mathematics 

(SM) 

Competitive 

incentive 

(CI) 

Social 

suppor

t 

(SS) 

Psychological condition (PC) 1    
Success in Mathematics 
(SM) 

-0.54** 1   

Competitive incentive (CI) -0.34** 0.28** 1  
Social support (SS) -0.37** 0.39** 0.32** 1 
** Statistically significant correlations at the risk level of 1% (two - way testing) 

Distributions of constructed indices deviate statistically significantly from the 
normal distribution and therefore, to be able to test the existence of statistically 
significant differences between male and female students on detected determinants, 
self-efficacy in solving mathematical problems, the nonparametric Mann-Whitney U 
test for two independent samples with 5% level risk was used. It was concluded that 
male and female students differ statistically significantly in the level of manifestation 
of negative physiological and emotional reactions to mathematics (Table 6) with 
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female students, to a greater extent, manifesting negative physiological and emotional 
reactions to mathematics from male students. On other dimensions that affect self-
efficacy and skills in solving mathematical problems, no statistically significant 
difference was found between male and female students. 

 
Table 6. Results of testing the statistical significance of differences between male and female students 
on the detected dimensions of self-efficacy and skills in solving mathematical problems 

Latent dimensions   Mid-

range 

Mann-

Whitney U 

Test 

Statistics 

Significa

nce Test 

Statistics 

 Gender structure   

Psychological condition (PC) 
Male students 114.22 

4,400.5 .018 
Female students 138.52 

Success in mathematics (SM) 
Male students 124.35 

4,833.0 .145 
Female students 109.45 

Competitive incentive (CI) 
Male students 120.88 

5,450.0 .885 
Female students 119.40 

Social support (SS) 
Male students 123.65 

4,957.0 .233 
Female students 111.45 

 
To determine the self-assessed level of self-efficacy in solving mathematical 

problems, a simple additive index was constructed by summing the values of all 
statements retained in the previously performed factor analysis and dividing the sum 
by the total number of statements, where the statements of Psychological condition 
(PC) were recoded. A higher score on the constructed index indicated a higher self-
assessed level of self-efficacy and skills in solving mathematical problems, i.e., less 
negative physiological-emotional reactions to mathematics, higher score of 
objectively measurable and subjectively perceived successes in solving mathematical 
problems, more positive experiences in the form external praise from the social 
environment for their own mathematical success and a greater impact of competitive 
incentives on engagement and motivation for more successful solving of 
mathematical tasks. A lower score on the constructed index indicated a lower self-
assessed level of self-efficacy and skills in solving mathematical problems. 
Descriptive statistical indicators of the constructed additive index of self-assessed 
level of self-efficacy and skill in solving mathematical problems are shown in Table 
7. 

 
Table 7. Descriptive statistical indicators of the constructed additive index of self-assessed level of 
self-efficacy and skill in solving mathematical problem  

 
Self-assessed level of efficiency and skill 

in solving mathematical problems 
 

Valid answers 240 
Arithmetic mean 3.44 
Medial value 3.43 
Modal value 3.57 
Standard deviation 0.98 
Variance 0.97 
Asymmetry (Skewness) -,.33 
Standard asymmetry error .157 
Flatness (Kurtosis) -.531 

Standard flattening error .313 

Theoretically predicted scale range 1 - 6 
Empirical range of results 4.71 
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Minimum 1 
Maximum 5.71 

Kolmogorov-Smirnov Z test statistics 0.759 

Statistical significance of test statistics .612 

 
The distribution of the constructed index of the self-assessed level of self-efficacy 

in solving mathematical problems does not deviate statistically significantly from the 
normal distribution. Testing of the statistical significance of the difference between 
the average results of male and female students on the constructed index was 
performed by T - test for two independent samples with a 5% risk level. Within the 
analyzed sample, male students showed a higher self-assessed level of self-efficacy 
and skill in solving mathematical problems (M ± SD = 3.51 ± 0.95) while female 
students showed a lower self-assessed level of self-efficacy and skill in solving 
mathematical problems (M ± SD = 3.23 ± 1.05). On a scale of self-assessed level of 
self-efficacy and skill in solving mathematical problems, with a 5% level of risk, no 
statistically significant difference was found between the average results of male and 
female students (F ratio = 0.003; p = 0.955; T ratio ₍₂₃₈₎ = 1.924; p = 0.056). 

Considering the intercorrelations of the constructed scale of self-assessed level of 
self-efficacy in mathematics and detected determinants of self-efficacy and skill in 
solving mathematical problems (Table 8) it is assumed that the self-assessed level of 
self-efficacy in solving mathematical problems in the context of virtual classroom, the 
psychological condition of students have a relatively greater influence (where the self-
assessed level of self-efficacy and skill in solving mathematical tasks is lower the 
more negative the physiological-emotional reactions to mathematics) and to a lesser 
extent the objectively measurable and subjectively perceived successes in solving 
mathematical problems. Self-assessed level of self-efficacy and skill in solving 
mathematical problems under the relatively least influence of competitive incentives. 

 
Table 8. Spearman's rho coefficients rank correlation between the scale of self-assessed level of self-
efficacy in mathematics and the detected determinants of self-efficacy in solving mathematical 
problems 

Latent dimensions 
Self-assessed level of efficiency and skill in solving 

mathematical problems 

Psychological condition (PC) -0.87** 
Success in mathematics (SM) 0.72** 
Competitive incentive (CI) 0.59** 
Social support (SS) 0.65** 

** Statistically significant correlations at the risk level of 1% (two - way testing 

3. Results  

The influence of physiological-emotional reactions on mathematics with regard to 
the self-assessed level of efficiency and skills in solving mathematical tasks was 
tested under the first hypothesis (H1: “Students who, to a lesser extent, manifest 
negative physiological-emotional reactions to mathematics are to a greater extent 
assessed as self-effective in solving mathematical tasks in the virtual classroom of 
mathematics.”). Given the statistically significant negative correlation between the 
influence of physiological and emotional reactions to mathematics and self-assessed 
levels of self-efficacy and skill in solving mathematical problems (Table 8), the 
acceptance of this hypothesis is consistent with previous empirical research showing 
that uncomfortable feelings and concerns reduce the level of self-efficacy (Joët, 
Usher, & Bressoux, 2011; Lin and Tsai, 2018), especially those related to 
mathematics (Eysenck and Calvo, 1992). 
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The second hypothesis linking the socio-demographic characteristics of the 
respondents with the self-assessed level of self-efficacy and skills in solving 
mathematical tasks (H2: "Students do not differ in the level of self-efficacy in the 
virtual mathematics classroom") was accepted, as the in the testing of statistical 
significance of the average results on the index of self-assessed level of self-efficacy 
and skill in solving mathematical tasks between male and female students at a risk 
level of 5% no statistically significant difference was found (T ratio ₍₂₃₈₎ = 1.924; p = 
0.056). The result of this research is not consistent with previous research (Busch, 
1995; Huang, 2013; Zimmerman, Martinez-Pons, 1990) in which it was found that 
boys show higher self-assessed levels of self-efficacy and skill in solving math 
problems than girls and that are better at computer tasks. Some research shows that 
gender differences in self-efficacy assessment are not established (Kıran and Sungur, 
2012; Salavera, Usan, & Jarie, 2017), nor in computational self-efficacy (Tsai and 
Tsai, 2010). Gao (2020) gives the results of a research of four Bandura sources of 
self-efficacy in Chinese secondary-school students, according to his research, even 
though female students had more anxiety than boys in learning mathematics, their 
perception of the impact of each source of self-efficacy did not differ significantly. It 
is assumed that a larger sample would result in a statistically significant difference 
between male and female students on the index of self-assessed level of self-efficacy 
in solving mathematical problems in some future research, since most research 
determines gender differences in self-efficacy. 

4. Discussions 

Based on the conducted factor analysis, it is estimated that the factors influencing 
the self-assessed level of self-efficacy and success in solving mathematical tasks in 
the context of the virtual mathematics classroom, i.e. distance learning, among 
students of final grades of secondary vocational schools: physiological-emotional 
reactions towards mathematics, hitherto objectively measurable and subjectively 
perceived success in solving mathematical problems, positive feedback from the 
social environment regarding one's own success in solving mathematical problems, 
and competitive incentives. 

According to the results of the research, male and female students differ 
statistically significantly in the level of manifestation of negative physiological and 
emotional reactions to mathematics, with female students manifesting negative 
physiological and emotional reactions to mathematics to a greater extent, while no 
statistically significant difference between the genders was found in the level of 
assessment of student self-efficacy in virtual mathematics classroom. 

The main shortcomings of the research include the relatively short-term functioning 
of students in the virtual classroom, which covered an interval of 60 days, assuming 
that the two-month period of exposure to the virtual classroom is too short to detect 
potential changes in self-assessed level of self-efficacy and skill in solving 
mathematical problems, when teaching mathematics at a distance in comparison with 
work in a classical classroom and the appropriate nature of the sample. Namely, since 
the research was conducted on an appropriate sample, the possibility of generalizing 
the conclusions and tendencies observed within the research sample to the reference 
population is limited and the collected data can only serve as a rough indication of 
population parameters of 4 grades of vocational schools of the City of Zagreb. 

Future research on reference topics should include primary and secondary school 
students to determine whether there are differences in the self-assessed level of self-
efficacy and skills in solving mathematical problems between students of different 
age groups and to determine whether there have been significant changes in self-
assessed level of self-efficacy in solving mathematical problems in the context of a 
virtual classroom compared to classical classroom work. 
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