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Abstract

The aim of present research paper is to evaluate Greek Students’ attitudes towards mathematics
through multidimensional statistical analysis. A sample of 168 Greek students participated in the
study. The study used an instrument named ATMI (Students’ attitudes towards learning Big Data,
analytics and Al algorithms) that is a five-point Likert scale. The scale consisted of four
conceptual constructs named Self-Confidence, Value, Enjoyment, Motivation. Greek Students’
attitudes toward Mathematics were evaluated by another item that rate from 1 to 100 scaling the
total score. The results demonstrated that students’ perceptions Self-Confidence, Value, and
Enjoyment motivate their willing for learning and appreciating mathematics.
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1.Introduction

Students often deal with many difficulties and obstacle regarding learning mathematics (Jeong, & Gonzélez-
Gobmez, 2021). These difficulties may have their basis on cognitive obstacles as well as negative attitudes toward
the subject. Attitudes toward mathematics play an important role in understanding and learning mathematics
(Atan, & Kasmin, 2018; Anastasiadou, Elia, Gagatsis, 2007; Petridis et al., 2017; Nicolaou, et al., 2017). Self-
confidence and Value and Importance of Mathematics, Math anxiety as well as well gender influence
achievement in mathematics (Awaludin et al., 2015; Manalaysay, 2019; Wahid et al., 2014).

Brezavs§ cek, et al. (2020) indicated a strong negative effect of mathematics confidence on seeming degree of
math anxiety. Furthermore, the perceived level of math anxiety has a strong negative influence on mathematics
achievement.

According to Hagan et al., (2020) many students indicated a negative perception towards Mathematics. In their
research they showed a negative perception by indicating a low interest in the study of Mathematics.

Mathematics play an important role in science. Together science, technology, engineering and mathematics define
STEM, that haw been widely studied (Fernandez-Cézar et al. 2020). In addition, the teaching of mathematics
generally applies in many areas such as Big Data applications, Cloud structures (Souravlas & Katsavounis, 2019;
Souravlas, 2019), algorithms for stream processing (Souravlas, Anastasiadou & Katsavounis 2021; Souravlas &
Anastasiadou, 2020; Tantaraki et al., 2020a, Tantalaki, et al., 2020b, Souravlas, Katsavounis, Anastasiadou. 2020;
Tantalaki, et al., 2019) and many other applications (Tantalaki, Souravlas, & Roumeliotis, 2019; Souravlas &
Roumeliotis, 2015a; Souravlas & Roumeliotis, 2015b; Souravlas & Roumeliotis, 2014a; Souravlas &
Roumeliotis, 2014b; Margaris et al., 2007).
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Vice versa several big data applications refers to understanding the numerous mathematical algorithmic
applications that affect all aspects of our everyday life, education (Florou et al., 2021; Valsamidis et al., 2021) and
SO on.

This the present study tries to capture Greek students’ attitudes towards mathematics related to Self-Confidence,
Value, Enjoyment, Motivation conceptual constructs of ATMI Scale.

2. Purpose of the study-Research Hypotheses

The objective of current study is to evaluate Greek Students’ attitudes towards mathematics through
multidimensional statistical analysis. In addition, the present paper examines the following research hypotheses.

Hol: Self-Confidence has a strong effect on General attitude towards mathematics
Ho2: Value has a strong effect on General attitude towards mathematics

Ho3: Enjoyment has a strong effect on General attitude towards mathematics
Ho4: Motivation has a strong effect on General attitude towards mathematics
Ho5: Gender influences General attitude towards mathematics

3. The instrument

The study used a 5-point response scale, higher scores then correspond to more positive attitudes, whereas 1
corresponding to strongly disagree to 5 strongly agree. The scale named ATMI (Students’ attitudes toward
Mathematics) consists of 40 items grouped into four conceptual constructs (Tapia, 1996; Tapia, & Marsh,
2002;2004) (Table 1).

The four components/ conceptual structures were named 1. Self-Confidence (e.g. Sel_Conl: Mathematics is one
of my most dreaded subjects). According to Anastasiadou (2002) Self-Confidence viewed as attitudes toward the
degree that Mathematics scare individuals, make them feel uncomfortable and nervous, with or without self-
confidence when it comes to mathematics related to many areas such as algebra, statistics, analytics, algorithms,
probabilities, geometry etc. (Anastasiadou, 2004a, 2004b, 2004c, 2004d; Anastasiadou, Chadjipadelis & Kofou
2013; Chadjipantelis & Anastasiadou, 2010; Dauphinee et al., 1997; Petridis et al., 2017; Nicolaou, et al., 2017;
Schau, et al., 1995). Many of those mathematics areas are related to Al algorithms complexity, scheduling of Big
Data Stream, Modeling and Simulation related to Cloud Computing, efficiency of Al algorithms, advance
knowledge in analytics, in mathematics as was as in Al, advance programming skills requirements and
determined students’ accomplishment (Souravlas & Anastasiadou, 2020a, Souravlas, et al., 2020a) (Table 1).
Students’ achievement regarding learning Al algorithms, scheduling of Big Data Stream and Cloud Computing
simulation is strongly related to students Self-Confidence in mathematics (Anastasiadou, 2009a, 2009b;
Souravlas, et al., 2020a).

2. Value (e.g. Mathematics is a very worthwhile and necessary subject). Value is the conceptual construct that
examines students’ perceptions about the usefulness and importance of mathematics systems both in professional
life and everyday life (Anastasiadou & Papadimitriou, 2001, 2003; Anastasiadou, 2007a, Anastasiadou, 2007b).
In addition, mathematics is one of the most important subjects to study due to the fact that Mathematics helps
improve the mind and influence people’ way of thinking (Anastasiadou, 2008a, 2008b, 2008c; Anastasiadou,
2012a) (Table 1).

3. Enjoyment (e.g. | have usually enjoyed studying mathematics in school). The Enjoyment conceptual construct
measures students’ satisfaction out of solving a mathematics problem as well as happiness in a mathematics class
than in any other class (Anastasiadou, 2005a, 2005b, 2005c; Anastasiadou & Gagatsis, 2005a, 2005b;
Anastasiadou & Chadjipantelis, 2008; Anastasiadou, Elia, Gagatsis, 2007; Anastasiadou & Gagatsis, 2007,
Anastasiadou, Gagatsis, Elia, 2005, Draganis et al., 2013) (Table 1).

4. Motivation (e.g. The challenge of mathematics appeals to me). Motivation is the conceptual construct that
examines students’ perceptions about motives regarding learnings mathematics generally, representations of
mathematics as well as advanced mathematics (Table 1).
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Table 1: ATMI Scale

ATMI Scale

Conceptual Item
Construct

Self-Confidence

Sel_Conl: Mathematics is one of my most dreaded subjects

Sel_Con2: My mind goes blank, and | am unable to think clearly when working
with mathematics

Sel_Con3: Studying mathematics makes me feel nervous

Sel_Con4: Mathematics makes me feel uncomfortable

Sel_Con5: When | hear the word mathematics, | have a feeling of dislike
Sel_Con6: Mathematics does not scare me at all

Sel_Con7: | have a lot of self-confidence when it comes to mathematics

Sel Con8: | am able to solve mathematics problems without too much
difficulty

Sel_Con9: | expect to do fairly well in any mathematics class | take
Sel_Conl0: I am always confused in my mathematics class

Sel_Con11: | learn mathematics easily

Sel_Con12: | believe | am good at solving mathematics problems

Sel_Con13: | am always under a terrible strain in a math class.

Sel_Con14: It makes me nervous to even think about having to do a
mathematics problem.
Sel _Conl5: | feel a sense of insecurity when attempting of mathematics

Value

Vall: Mathematics is a very worthwhile and necessary subject

Val2: | want to develop my mathematical skills

Val3: Mathematics helps develop the mind and teaches a person to think

Val4: Mathematics is important in everyday life

Val5: Mathematics is one of the most important subjects to study

Val6: High school mathematics courses would be very helpful no matter what |
decide to study

Val7: | can think of many ways that | use mathematics outside of school

Val8: | think studying advanced mathematics is useful.

Val9: A strong math background could help me in my professional life.

Val10: I believe studying math helps me with problem solving in other areas.

Enjoyment

Enjoy1: I have usually enjoyed studying mathematics in school
Enjoy2: Mathematics is dull and boring

Enjoy3: I like to solve new problems in mathematics

Enjoy4: | would prefer to do an assignment in mathematics than to write an
essay

Enjoyb: I really like mathematics

Enjoy6: I am happier in a mathematics class than in any other class
Enjoy7: Mathematics is a very interesting subject

Enjoy8: | am comfortable expressing my own ideas on how to look for
solutions to a difficult problem in mathematics

Enjoy9: | am comfortable answering questions in mathematics class

Enjoy10: | get a great deal of satisfaction out of solving a mathematics
problem.

Motivation

Motiv1: I am confident that | could learn advanced mathematics
Motiv2: I would not like to avoid using mathematics in tertiary education level
Motiv3: | am willing to take more than the required amount of mathematics

Motiv4: | plan to take as much mathematics as | can during my education
Motiv5: The challenge of mathematics appeals to me
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4.Profiles of the respondents

The demographic profiles include the following characteristics of the despondences’ gender, age and year of
education. The demographic profiles shown in Table 3 is based on frequency and relative frequency distributions.
The sample comprised of 168 interviewees of whom 112 (66.7%) were men and 56 (33.3%) were women. With
respect to the ages of participants, 12 (7.1%) of them were 18 years old, 41 (24.64%) of them were 19 years old,
80 (47.6%) of them were 21 years old, 21 (12.5%) of them were 21 years old and, finally, 14 (8.3%) were 22
years or more. With respect to their year of studies, 22 (13.1%) of them were during their first year of their
studies, 32 (19%) of them were during the second year, 82 (48.8%) of them were during the third year, 30
(17.9%) of them were during the fourth year and 2 (1.2%) of them were during the fifth year and above (Table 2).

Table 2: Demographic data of the sample (N = 168)

Variables Classes N=168 %
Gender Male 112 66.7
Female 56 31.6
Age 18 years 12 7.1
19 years 41 24.4
20 years 80 47.6
21 years 21 125
22 years or more 14 8.3
Year of Studies  First year 22 13.1
Second year 32 19
Third year 82 48.8
Fourth year 30 17.9
Fifth year 2 1.2
5. Results

Below (Table 3) the results related the internal consistency or reliability of the instrument, and its conceptual
constructs are described. The reliability of the ATMI Scale was related to items 1 to 40 was estimated by
Cronbach alpha coefficient (a) (Cronbach, 1984).

The Cronbach’ alpha coefficient is calculated to measure the reliability of the six conceptual constructs, i.e. Self-
Confidence, Value, Enjoyment and Motivation issues (Table 2). Cronbach’ alpha coefficient equals to 0.900
verified the reliability of the Scale of Students’ attitudes towards Self-Confidence, Value, Enjoyment and
Motivation. In additions Cronbach’ alpha coefficient was above the cutoff point of 0.70 for all the dimensions of
ATMI Scale (Students’ attitudes towards learning Big Data, analytics and Al algorithms) (Anastasiadou, et al.,
2014b; Anastasiadou et al., 2016a; Anastasiadou et al., 2016b; Anastasiadou & Giossi, 2014; 2018a, 2018b;
Anastasiadou & Karakos, 2011; Anastasiadou, 2014; Anastasiadou, 2016; Anastasiadou, 2018a, 2018b, 2018c,
2018d) (Table 3).

The value of Cronbach’s a coefficient for this instrument was equal to 0.900 and it is a very high value in terms
of internal consistency (Anastasiadis, 2020; Anastasiadis & Christoforidis, 2019; Anastasiadou, 2006;
Anastasiadou, 2007c; Anastasiadou, 2008d; Anastasiadou, 2009c; Anastasiadou et al., 2010b; Anastasiadou,
2011; Anastasiadou, 2012a, 2012b, 2012c, 2012d, 2012e, 2012f) (Table 3).

The value of Cronbach’s a coefficient for Self-Confidence, conceptual construct was equal to 0.804 and it is a
very high value in terms of internal consistency (Anastasiadou & Anastasiadis, 2011; Anastasiadou &
Anastasiadis, 2019; Anastasiadou, et al., 2010a; Anastasiadou, et al., 2010b; Anastasiadou, et al., 2013) (Table 3).
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The value of Cronbach’s a coefficient for Value, conceptual construct was equal to 0.788 and it is a very high
value in terms of internal consistency (Anastasiadou & Pappa, 2009; Anastasiadou & Pappa, 2019; Anastasiadou
& Taraza, 2020a; Anastasiadou & Taraza, 2020b; Anastasiadou & Tiliakou, 2014, 2015, 2016a, 2016b) (Table 3).
The value of Cronbach’s a coefficient for Enjoyment conceptual construct was equal to 0.836 and it is a very high
value in terms of internal consistency (Panistides & Anastasiadou, 2015; Patrali et al., 2012; Souravlas &
Anastasiadou, 2020; Souravlas, et al., 2020; Thapa et al., 2016; Theodoridou, et al., 2014) (Table 3).

The value of Cronbach’s a coefficient for Value conceptual construct was equal to 0.874 and it is a very high
value in terms of internal consistency (Anastasiadou et al., 2013; Cohen, et al., 1988; Florou, et al., 2015; Fotiadis
& Anastasiadou, 2018a,2018b; Florou & Anastasiadou 2013; Kapetanopoulou et al., 2021; Kofou, &
Anastasiadou, 2013; Ntotsi, & Anastasiadou, 2019a, 2019b) (Table 3).

The value of Cronbach’s a coefficient for Motivation conceptual construct was equal to 0.744 and it is a very high
value in terms of internal consistency (Anastasiadou et al., 2007, Anastasiadou et al., 2014; Anastasiadou &
Draganis, 2014; Anastasiadou, et al., 2014a; Anastasiadou & Kofou, 2013a, 2013b; Anastasiadou & Loukas,
2009; Anastasiadou & Panitsides, 2014; Anastasiadou et al., 2015; Gkolia et al., 2007; Papademetriou et al.,
2022) (Table 3).

Finally, the value of Cronbach’s o coefficient for Total score related to Students’ attitudes towards Mathematics
was equal to 0.927 and it is a very high value in terms of internal consistency (Anastasiadou, 2013a,2013b,2013c,
2013d; Anastasiadou, Florou, 2013; Batiou & Anastasiadou, 2015) (Table 4).

Table 3: Cronbach’s Alpha

Dimensions Cronbach’s Alpha
Self-Confidence 0.866
Value 0.859
Enjoyment 0.741
Motivation 0.819

The following table presents the mean value (M) and the standard Deviation (SD) of each item and each
conceptual construct of ATMI scale (Table 4). Among the dimensions, the highest mean level of perceptions was
3.6952 (SD=0.59479) for Self-Confidence conceptual construct following by Motivation conceptual construct
3.5381 (SD=0.83600) following by the Value conceptual construct 3.4458 (SD=0.68218) the lowest mean level
was 3.2030 (0.46551) or Motivation conceptual construct (Table 4).
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Table 4: ATMI Scale

SATBDAAIA Scale Cronbach’s M SD
Alpha

Conceptual Item 927

Construct

Self- .866 3.6952 .59479

Confidence
Sel_Conl: Mathematics is one of my most dreaded 4.40 776
subjects
Sel_Con2: My mind goes blank, and | am unable to 4.44 .756
think clearly when working with mathematics
Sel _Con3: Studying mathematics makes me feel 4.48 .766
nervous
Sel_Con4: Mathematics makes me feel uncomfortable 4.18 799
Sel_Con5: When | hear the word mathematics, | have a 3.92 973
feeling of dislike
Sel _Con6: Mathematics does not scare me at all 4.31 .868
Sel Con7: | have a lot of self-confidence when it 4.28 915
comes to mathematics
Sel_Con8: | am able to solve mathematics problems 3.15 1.151
without too much difficulty
Sel Con9: | expect to do fairly well in any 2.67 1.382
mathematics class | take
Sel_Conl0: I am always confused in my mathematics 2.85 1.184
class
Sel_Conll: | learn mathematics easily 3.54 1.049
Sel_Con12: | believe | am good at solving mathematics 3.19 1.044
problems
Sel_Conl3: | am always under a terrible strain in a 3.26 1.128
math class.
Sel_Con14: It makes me nervous to even think about 3.57 1.103
having to do a mathematics problem.
Sel_Con15: | feel a sense of insecurity when 3.19 1.003
attempting of mathematics

Value .859 3.4458 .68218
Vall: Mathematics is a very worthwhile and necessary 3.99 1.116
subject
Val2: | want to develop my mathematical skills 4.05 927
Val3: Mathematics helps develop the mind and teaches 3.49 1.078
a person to think
Val4: Mathematics is important in everyday life 3.66 .965
Val5: Mathematics is one of the most important 3.49 1.044
subjects to study
Val6: High school mathematics courses would be very 3.54 1.083
helpful no matter what | decide to study
Val7: | can think of many ways that | use mathematics 3.83 1.083
outside of school
Val8: | think studying advanced mathematics is useful. 3.28 1.038
Val9: A strong math background could help me in my 3.64 1.029
professional life.
Val10: | believe studying math helps me with problem 1.51 .896

solving in other areas.
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Enjoyment 741 3.2030 .46551
Enjoyl: I have usually enjoyed studying mathematics 2.74 979
in school
Enjoy2: Mathematics is dull and boring 1.48 .889
Enjoy3: | like to solve new problems in mathematics 3.46 915
Enjoy4: | would prefer to do an assignment in 4.14 937
mathematics than to write an essay
Enjoy5: | really like mathematics 3.95 911
Enjoy6: I am happier in a mathematics class than in 3.96 975
any other class
Enjoy7: Mathematics is a very interesting subject 3.91 934
Enjoy8: I am comfortable expressing my own ideas on 1.74 1.027

how to look for solutions to a difficult problem in
mathematics

Enjoy9: | am comfortable answering questions in 3.82 871
mathematics class
Enjoy10: | get a great deal of satisfaction out of solving 3.82 1.112
a mathematics problem.

motivation 819 3.5381 .83600
Motivl: 1 am confident that 1 could learn advanced 4.02 976
mathematics
Motiv2: | would not like to avoid using mathematics in 3.12 1.173
tertiary education level
Motiv3: | am willing to take more than the required 3.27 1.150
amount of mathematics
Motiv4: | plan to take as much mathematics as | can 3.77 952
during my education
Motiv5: The challenge of mathematics appeals to me 3.52 1.21

Model Fit x2/df=1.89 CFI=0.95, GFI=0.94, RMSEA=0.04,
AGFI=0.90, IFI=0.95

The following table, Table 5, presents the intercorrelations across the six conceptual constructs used in this study
plus an item measures the attitude toward Mathematics. An assessment of the bivariate correlations indicates that all
the correlations are significant and are in the expected direction. The strongest correlation was between the
conceptual constructs Self-Confidence and Value (r=0.660, p<0.001). The second strongest correlation was
between the conceptual constructs Value and Motivation (r=0.613, p<0.01) whereas the third strongest correlation
was between the conceptual constructs Self-Confidence and Enjoyment (r=0.601, p<0.01) following by the
correlation between the conceptual constructs Self-Confidence and Motivation, ¢=0.582, p<0.01) following by the
correlation between the conceptual constructs Value and Enjoyment (r=0.530, p<0.01) and by the correlation
between the conceptual constructs Enjoyment and Motivation (r=0.474, p<0.01).

As far as the correlations between Self-Confidence, Value, Enjoyment and Motivation and the Total score related
to Students’ attitudes towards Mathematics concerns that correlation analysis revealed significant correlations at a
significant level of 99%.

Morespecifically, the strongest correlation was between the conceptual construct Self-Confidence and Total score
related to Students’ attitudes towards Mathematics (r=0.650, p<0.01), the second strongest correlation was
between the conceptual construct Value and Total score related to Students’ attitudes toward Mathematics
(r=0.428, p<0.01), whereas the third strongest correlation was between the conceptual construct Enjoyment and
Total score related to Students’ attitudes towards Mathematics (r=0.426, p<0.01) (Table 5).

Equally statistically significant were the correlations between the Motivation conceptual construct and Total score
related to Students’ attitudes Mathematics (r=0.347, <0.01), (Table 5). Finally, gender haw statistically
insignificant correlations with Self-Confidence, Value, Enjoyment and Motivation conceptual constructs (Table
5).
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Table 5: Correlation Estimates
Correlations
Enjoy Motivat Attitudes ~ Gender

Self Con Value ment ion Math

Self Con Pearson 1

Correlation
Value Pearson ,660™ 1

Correlation
Enjoyment Pearson ,601™ 530™ 1

Correlation
Motivatio Pearson 582" 613" 474 1
n Correlation
Attitudes_ Pearson ,650™ 428" 426" 3477 1
Math Correlation
Gender ,138 117 174 ,109 ,128 1

**_Correlation is significant at the 0.01 level (2-tailed).

Furthermore, the four hypothesized effects were supported (Table 6). Thus, it is evident that the conceptual
constructs Self-Confidence, Value, Enjoyment and Motivation, have a positive effect on Total score related to
Greek Students’ attitudes towards Mathematics.

Table 6: Hypotheses Testing

Hypotheses Standardized p-value Results
estimates
Hol: Self-Confidence has a .59 <0.001 Supported

strong effect on General attitude

towards mathematics

Ho2: Value has a strong effect .56 <0.001 Supported
on General attitude towards

mathematics

Ho3: Enjoyment has a strong 47 <0.001 Supported
effect on General attitude

towards mathematics

Ho4: Motivation has a strong 51 <0.001 Supported
effect on General attitude

towards mathematics

Ho5: Gender influences General .32 >0.05 Not
attitude towards learning Big Supported
Data, analytics and Al algorithms

6. Conclusions

The objective of current study is to evaluate Greek Students’ attitudes towards Learning Big Data, Analytics and
Al algorithms. The structural equation model verified the measurement model fit regarding the observed data
(Model Fit x2/df=1.89, CFI=0.95, GFI=0.94, RMSEA=0.04, AGFI=0.90, IFI=0.95) ((Churchill, 1979; Cohen, et
al., 1988; Fornell & Larcker, 1981; Chin, 1998; Kim, et al., 2008). Spector, 1992; Wixon, & Watson, 2001).
Therefore, the conceptualized model that describes of Greek students’ attitudes toward Mathematics. The model
revealed students’ attitudes toward consist of conceptual constructs named Self-Confidence, Value, Enjoyment
and Motivation.

The strongest correlation was between the conceptual construct named Self-Confidence and Total attitude
Mathematics, the second one was between the conceptual construct named Value and Total attitude Mathematics
and the third one was between the conceptual construct named Enjoyment and Total attitude toward Mathematics
and the fourth one was between the conceptual construct named and Total attitude toward Mathematics.
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In addition, the study made it evidence that the strongest correlation between the conceptual constructs was
between Self-Confidence and Value, the second strongest one was between Self-Confidence and Motivation, the
third strongest one was between Value and Enjoyment, whereas the fourth strongest one was Enjoyment and
Motivation.

These results demonstrated that students’ perceptions Self-Confidence, Value, and Enjoyment motivate their
willing for learning and appreciating mathematics. The results also madeevidence that there was no statistically
significant relation between the gender and students’ attitudes toward Mathematics.

However there is great need for empirical research connected with students’ attitudes toward Mathematics,
Statistics, Big Data and Artificial Intelligence mathematical algorithms.
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