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ABSTRACT

Aim. This paper presents research aimed at testing the mathematical self-effi-
cacy of mathematics and computer science student teachers. The aim of the pre-
sented phase of the research was to verify the effectiveness of the chosen research
instrument after translation into Czech, its applicability within the specific environ-
ment of the preparation of future teachers and the design of a shorter version of the
questionnaire.

Methods. 97 students of the first and second year of Bachelor’s degree studies
at the Faculty of Education of Charles University, specialising in mathematics and
computer science, were interviewed either in a single-subject form or in combina-
tion with a second subject. Subsequently, the data was processed and evaluated
using quantitative methods.

Results. The results confirmed that the test, even when translated into Czech,
fully met the claim of high reliability (Cronbach’s Alpha = 0.965). Using the Princi-
pal Axis Factoring method with Varimax with Kaiser Normalisation in 11 iterations,
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convergence to the four basic components, which were characterised as Motivation
and Enjoyment, Anxiety, Self-confidence and Value, was achieved.

Conclusion. The research has shown that the chosen research instrument, the
ATMI questionnaire, is fully functional after translation into English and use in the
environment of preparation of future mathematics and science teachers. The first
measurement data also confirms that attitudes towards mathematics are very differ-
ent among future mathematics and science teachers. It also confirmed the assump-
tion that the questionnaire has the potential to identify students who have problem-
atic attitudes towards mathematics and are therefore at risk of dropping out.

Keywords: future teachers, mathematics anxiety, attitudes toward mathematics,
motivation, enjoyment

INTRODUCTION

he way students perceive their subject of study and their abilities within

it greatly influences their academic performance. Understanding how
students perceive themselves in relation to their subject of study is an
important tool for supporting them in their studies and predicting their
potential academic failure and risk of drop-out.

The aim of the research presented here is to create a tool that allows
measuring students’ mathematics attitudes and their evolution during
their studies, in order to better understand their needs and create tools that
will contribute to their support. Solely the data derived from a preliminary
study conducted to ascertain the validity of the instrument are expounded
upon. The target group is not only mathematics teacher education and first
grade teacher education students who will directly teach mathematics, but
also future teachers of other disciplines that use mathematics, especially
computer science and science.

The Attitudes Toward Mathematics Inventory (ATMI) questionnaire
(Tapia & Marsh, 2004), which was translated into English and slightly modi-
fied for college testing purposes, was used as a baseline in the development
of the evaluation instrument. The questionnaire was evaluated on a group of
first- and second-year undergraduate students in mathematics and computer
science, either in a single subject or in combination with another subject. The
aim of the testing was not only to verify the reliability of the localised test, but
also to create a short version of the test (cf. Lin & Huang, 2014).

PURPOSE AND OBJECTIVE

The original ATMI questionnaire contained 49 questions. The items were
constructed using a Likert-scale format with the following anchors: 1
strongly disagree, 2 disagree, 3 neutral, 4 agree, and 5 strongly agree. The
questionnaire was designed to investigate the underlying dimensions of
attitudes toward mathematics (Tapia & Marsh, 2004). These included the
following 6 areas:
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* Confidence;

* Anxiety;

* Value;

* Enjoyment;

* Motivation;

e Parent/teacher expectations.

In our research we worked with a shortened version of the question-
naires, which contained 40 questions focusing on the first five of the original
six areas, so we did not work with the area of parent/teacher expectations,
which we considered not very relevant in the context of higher education.

The aim of the research was to answer following questions:

* Can the questionnaire be localised to the Czech language while main-
taining the reliability of the original test?

* Can the original response scale be used or will it have to be adapted to
give respondents the full range of responses?

*  Which questions best describe the students” attitudes in the given areas
and can serve as the basis for a shorter version of the test?

* Can the test describe differences between summarising groups of stu-
dents and is the test able to identify students who are potentially at risk
of academic failure?

The first two questions are more technical in nature; how crucial the
third and fourth questions are for the further use of the questionnaire
becomes apparent. We make the theoretically based assumption that stu-
dents” self-perceptions in particular areas have a significant impact on their
academic performance. We now provide evidence for this assumption for
each of the individual domains.

Confidence

Confidence in one’s own abilities, or confidence in one’s own abilities in
relation to a given subject of study - self-efficacy has been studied continuously
since the concept of self-efficacy was defined (Bandura, 1977). A meta-analytic
investigation the first decade of research (Multon et al., 1991) showed that there
are strong effects when efficacy and basic skills are compared in a particular
domain. Focusing on mathematics, Frank Pajers and David Miller (1995) repor-
ted that early research on self-efficacy focused on two basic areas. The first is
the relationships among efficacy beliefs, related psychological constructs, and
academic motivation and achievement (see Schunk, 1991). The second is then
the link between efficacy beliefs and college major and career choices (see Lent
& Hackett, 1987).

Thus, mathematics self-efficacy significantly influences both the choice
of major studied and success during college. Therefore, it is important
to monitor the self-efficacy of entering students (cf. Hall & Ponton, 2005;
Jaafar & Ayub, 2010). At the same time, students” self-efficacy can also be
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directly worked with and influenced in mathematics education (Zakariya,
2022).

Anxiety

“Fear of math” or “math anxiety” is one of the oldest concepts that have
been studied in relation to math achievement. Systematic research has been
conducted since the second half of the twentieth century. Initially, a unidi-
mensional scale working primarily with anxiety and enjoyment of subject
matter was used to describe subject perception (see Aiken & Dreger, 1961;
Dutton, 1954; Gladstone et al., 1960). Anxiety is another factor that signifi-
cantly affects student performance (Nufiez-Pena et al., 2013) and across dis-
ciplines (Khasawneh et al., 2021).

At the same time, as with confidence, it is possible to work with math anx-
iety in mathematics education and influence it in a positive way (Perry, 2004).

Value

Perceptions of the value of mathematics were linked to perceptions of
enjoyment of mathematics in early applications (Aiken, 1974). It appears that
perceptions of low value of mathematics may also be one of the reasons for
underachievement (Awaludin et al., 2015). Math anxiety can also be reduced
by increasing the value of mathematics learning (Brezavscek, 2020). Students
who see meaning in the use of mathematics achieve better results.

Enjoyment

The way students perceive learning and how much they enjoy it or, on
the contrary, are bored during learning are among other factors that are
monitored and influence student achievement (Schukajlow, 2015). Similar
to valuation of mathematics, enjoyment also influences student anxiety
(Bessant, 1995). This is again one factor that can be influenced by the teach-
ing methods chosen and other support tools such as study group support.

Motivation

Motivation and enjoyment are two closely related factors that together
influence both mathematics achievement and mathematics anxiety (Li et al.,
2021). There are a number of factors that influence students” motivation to
study mathematics (Teoh et al., 2010) and student motivation can be influ-
enced by appropriate tools (Deitte & Howe, 2003, Tran & Nguyen, 2021).

RESEARCH METHODOLOGY

The subject of the research was the ATMI questionnaire, which was pre-
sented to first and second year students of Bachelor of Teacher Education
with a focus on mathematics and computer science. The questionnaire con-
tained 40 questions in Czech language. Responses were given on Likert-
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-scale format with the following anchors: 1 strongly disagree, 2 disagree,
3 neutral, 4 agree, and 5 strongly agree. The questionnaires also included
student data, but completion was not required and students could submit
their answers anonymously. We did the analysis of data using the SPSS.

Basic Characteristics of the Sample

In total, responses were obtained from 97 students. 75 respondents were
studying full-time, 22 were studying combined. 46 respondents were male,
39 respondents were female. 7 respondents did not indicate their gender. 54
respondents were studying in their first year of study, 39 in their second year,
4 students did not specify the year. 21 respondents were studying only single
subject mathematics teaching, 45 were studying mathematics in combination
with a second subject, 27 were studying only single subject computer science
teaching and 4 respondents did not specify their field of study.

Of the 97 questionnaires returned, in 4 cases the data were incomplete
and these questionnaires were omitted from further processing.

Research Question Number 1

Can the questionnaire be localised into the Czech language while main-
taining the reliability of the original test?

To test this hypothesis, Cronbach’s alpha was calculated. This value rep-
resents the internal validation of the questionnaire, it is used to confirm if
the translation of the issues for Czech language maintenance the internal
consistency (Stadler et al., 2021; Edwards et al., 2019). Calculating the alpha
in our investigation the value came out to be 0.965.

The Cronbach’s alpha of the original test was .963 (Tapia & Marsh, 2004),
so localising the test did not reduce the reliability of the test. All questions
contribute to the result. The only question that proved problematic was, “I
would like to avoid using math in college”. This question does not quite
make sense in relation to mathematics teachers but is of great importance to
students in other disciplines that use mathematics, such as physical educa-
tion teachers and biomechanics courses. There were also translation prob-
lems with this question, where the meaning of the first version used was
more like I hope I don’t take math in college. The question was modified to
I'would like to have a smaller scope of mathematics in my studies.

Research Question 2

Can the original range of responses be used or will it need to be modi-
fied to give respondents the full range of responses? The willingness to use
the extreme values strongly disagree and strongly agree depends on cul-
tural practices (cf. Vorikova et al., 2022). In some cases it is therefore better
to use a Likert-scale format with the following anchors: 1 disagree, 2 rather
disagree, 3 neutral, 4 rather agree, and 5 agree. To determine whether the
full Likert scale was being used, all 1680 responses (regardless of the ques-
tion asked) were analysed and the number of which responses were used
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was recorded. Analysis of the responses revealed that even cut-off values
expressing strong agreement or disagreement are used and therefore the
original response scale can be maintained.

Research Question Number 3

Which questions best describe students” attitudes in the areas and can
serve as the basis for a shorter version of the test?

To respond to these questions some statistical tools can be used. But in
our context, we need to consider different variables can affect the devel-
opment of self-efficacy. Looking simultaneously at all these aspects and
identifying these characteristics and salient features can be a costly and
time-consuming task. In this sense, it is necessary to use statistical tools
of multivariate analysis, more specifically the Exploratory Factor Analysis
(EFA) to look atful , from the answers of students to the questionnaires, the
most relevant aspects that influence the development of self-efficacy.

In this sense, Daniel Matos and Erica Rodrigues (2019) point out that factor
analysis is an empirical technique, i.e., it is purely based on the questionnaire
responses as a criterion for grouping the variables. However, it is expected
that the factors found at the end of the process make sense from the theo-
retical point of view. The EFA is one of the most used multivariate statistical
procedures in questionnaire-related research in various domains (psychol-
ogy, education sociology, public management, and health, among others).
The main purpose of the EFA is to reduce the dimension of the analysis and
determine the number and nature of latent variables present in a question-
naire or a test, that is, the factors that explain the covariance between a set of
observed measures (questionnaire or test items). These observed measures
are correlated because they share a common cause, the same construct. The
factor analysis, therefore, seeks to assess the dimensionality of a set of indica-
tors, obtaining the smallest number of interpretable factors smaller than the
total number of measures required so that it is possible to interpret the pos-
sible to interpret correlations between them (Brown, 2006).

To confirm if the EFA could be useful we apply the Kaiser-Meyer-Olkin
Measure of Sampling Adequacy and Bartlett’s Test of Sphericity were used
to verify that the selected data were appropriate for factor analysis. The
results confirmed that this type of analysis can be used (see Table 1).

Table 1
KMO and Barlett’s Test

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .904

Bartlett’s Test of Sphericity Approx. Ci-Square 2795
df 780
Sig. .000

Source. Own research.
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Table 2

355

Exploratory Factor Analysis of the Attitudes Toward Mathematics Inventory:

A Four-Factor Solution and Final Communality

Questions 1 5 Factor 3 7 Final Communality
Q26 736 172 227 292 .708
Q29 .705 362 290 237 768
Q32 .688 197 312 330 718
Q28 .678 .300 224 279 678
Q2 677 168 204 352 651
Q3 672 134 116 .005 484
Q34 .623 388 264 .190 .643
Q33 .603 229 .380 131 577
Q31 .593 351 .010 322 578
Q30 .559 351 358 165 .590
Q14 .554 472 217 331 687
Q24 514 374 133 311 518
Q35 .500 .100 139 287 362
Q25 471 396 .051 432 567
Q27 393 323 137 .296 .365
Q13 303 760 150 244 751
Q11 261 .668 242 -.006 573
Q10 168 .655 367 212 637
Q12 369 619 159 277 .622
Q16 185 .600 .330 .048 .506
Q20 291 562 .090 376 .550
Q9 .345 520 453 121 .609
Q40 121 519 363 312 513
Q15 299 440 399 308 537
Q38 132 351 .255 103 216
Q37 283 339 168 094 232
Q17 .089 311 .787 A11 737
Q19 .296 323 .643 210 .649
Q18 349 452 619 125 725
Q23 428 248 .607 202 .654
Q21 292 479 548 257 682
Q22 468 288 475 188 563
Q6 155 196 .045 744 617
Q5 147 -123 312 .662 572
Q1 .249 129 .285 547 459
Q39 .358 272 -.084 .526 485
Q8 213 .032 346 488 404
Q7 105 228 .057 461 279
Q4 .356 289 101 376 361
Q36 198 178 .093 .357 207

Source. Own research.
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Subsequently, the communality of each question was checked and the
number of factors was analysed using the four original factors (Tapia &
Marsh, 2004). The values of this EFA and communality are described in
Table 2.

Extraction method Principal Axis Factoring and the rotation method
Varimax with Kaiser Normalisation were used to determine each factor and
after 11 convergences, four factors were identified to characterise students’
attitudes. Once the four factors had been identified, resulting from the
factor analysis, we once again calculated Cronbach’s alpha to analyse the
internal consistency of each factor. Thus, for the first factor, we identified 15
questions that carried characteristics of this factor, calculating the alpha on
these items, the value was 0.946. The same procedure applied to the other
three factors revealed the following alpha values described in the table.

Table 3
Internal alpha for each factor
Factor N of questions Alpha Cronbach
I 15 946
11 11 .908
I 6 908
v 8 .809

Source. Own research.

The values indicated a high internal consistency in each factor,
which collaborate with the validation of the translation of the question-
naire to the Czech language. To collaborate with this idea, we calculate the
Pearson Correlation (Benesty et al, 2009) for the factors. The result can be
seen in Table 4.

Table 4
Pearson Correlation for each factor
Factor 1 Factor 2 Factor 3 Factor 4
Factor 1 Pearson Correlation 1 .019 .035 .077
Sig. (2-tailed) .856 742 462
Factor 2 Pearson Correlation 1 A111 .022
Sig. (2-tailed) .290 .832
Factor 3 Pearson Correlation 1 .016
Sig. (2-tailed) .880
Factor 4 Pearson Correlation 1
Sig. (2-tailed)

Source. Own research.
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To better describe the factors, we present some examples of questions
with the highest values calculated from the EFA for each of the four factors.
The individual factors were characterised as follows:

Factor I - Motivation and Enjoyment
The questions that contribute most significantly to the saturation of this
factor are:

* [ like to solve new problems in mathematics;

* Ireally like mathematics;

* lam willing to take more than the required amount of mathematics.

Factor II - Anxiety
The questions that contribute most significantly to the saturation of this
factor are:
* lam always under a terrible strain in a math class;
* Studying mathematics makes me feel nervous;
* My mind goes blank and I am unable to think clearly when working
with mathematics.

Factor III - Self-confidence
The questions that contribute most significantly to the saturation of this
factor are:

* T have alot of self-confidence when it comes to mathematics;

* I expect to do fairly well in any math class I take;

* I am able to solve mathematics problems without too much difficulty.

Factor IV - Value
The questions that contribute most significantly to the saturation of this
factor are:
* Mathematics is one of the most important subjects for people to study;
* Mathematics is important in everyday life;
* Mathematics is a very worthwhile and necessary subject.

Based on the factor analysis, 12 questions were extracted which saturate
the factors the most and can form a shortened version of the questionnaire
and be used to describe some characteristics of the students.

Research Question Number 4

Can the test describe differences between groups of students and is the
test able to identify students who are potentially at risk of academic failure?

In order to answer this question, a shortened version of the question-
naire was designed to assess only the responses from the three questions
that most saturate that factor for each factor. The values are then summed.
The following graphs then show the relative occurrences of the values for
the basic three groups of students - single subject mathematics teacher
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education students (M), single subject computer science students (IT)
and students studying mathematics in combination with a second subject
(comb).

The finding that there is a high level of student prospective computer
science teachers who have high mathematics anxiety seems to be crucial.
What is surprising is that students with significant mathematics anxiety are
also found among mathematics teacher education students combined with
a second major, on the other hand mathematics anxiety is minimal among
single major teacher education students. The situation is similar for self-
confidence and motivation and enjoyment, here too the attitudes of com-
puter science teachers can be characterised as rather negative. In the area of
Value, the majority of students perceive mathematics as valuable, although
there are a few exceptions, but not from the order of future mathematics
teachers.

Figure 1
Students rating by individual factors
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Source. Own research.

The following graph shows the self-assessment of all mathematics stu-
dents in combination with a second subject, with the ratings on the x-axis
plotted in the Anxiety factor and the y-axis plotted in the Self-confidence
factor. Students who are on the edge of the third quadrant have signifi-
cant mathematics-anxiety and simultaneously low self-confidence. Based
on these facts, they can be characterised as potentially at risk for drop-out
and given specialised support.
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Figure 2
Two-dimensional evaluation of students by individual factors
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CONCLUSION

The pilot validation of the Czech version of the ATMI for student teachers
demonstrated the effectiveness of the instrument and provided data for
a shortened version of the questionnaire. The values of Cronbach alpha
demonstrated that the validity of the questionnaire, adapted for the context
of teacher training and for the Czech language, was preserved.

In assessing student attitudes towards mathematics, four main factors
were identified - Motivation and Enjoyment, Anxiety, Self-confidence and
Value. The first results confirm that there is a big difference between stu-
dent teachers focused on teaching mathematics only, teaching mathematics
in combination with another subject and teaching a subject that uses math-
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ematics only. Students who do not study a subject with mathematics very
often have a negative attitude towards mathematics, mathematics anxiety
and low self-confidence/self-efficacy, which negatively affects their aca-
demic performance. On the other hand, all student teachers perceive a high
value of mathematics.

Another aim of the presented research is to use a shortened version of
the questionnaire to test and compare teacher education students of differ-
ent subjects at teacher education faculties in the Czech and Slovak Repub-
lics, to suggest appropriate tools to support students at risk of drop-out and
to monitor the development of attitudes during their studies.
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