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Mathematics and statistical skills are crucial to daily life. However, many students
found mathematics difficult to learn and understand. This research aimed to
find relationships between mathematics and statistical attitudes and emotional
dimensions, such as anxiety or self-efficacy. The sample consisted of two groups:
the first group was formed by 276 Spanish students (75.7% female with an average
age of 19.92 years) from different degrees at the University of Granada and the
second one by agroup of 19 secondary school students from of a Secondary
School in Granada, Spain (57.9% male students between 14 and 16 years of age
from a public school). The instruments applied were a scale of attitude toward
mathematics, a scale of attitude toward statistics, a scale to assess mathematical
anxiety, and a scale to assess self-efficacy. An artificial neural network for the
backpropagation algorithm was designed using dependent variable. The results
showed a negative impact of anxiety on those attitudes, while self-efficacy had a
positive impact on those mentioned attitudes. Therefore, emotional education is
important in the well-being, and teaching in mathematics. The usefulness of the
innovative neural network analysis in predicting the constructs evaluated in this
study can be highlighted.

attitudes, anxiety, educational psychology, mathematics, artificial neural network,
university student

1. Introduction

When we talk about attitudes toward mathematics we are somehow referring to the affective
component of the construct (Geisler et al., 2023) that Emmioglu and Capa-Aydin (2012, p. 95)
define as a “multidimensional construct that stands for students’ learned predispositions to
respond positively or negatively with regard to statistics” It is necessary not to neglect this
non-cognitive component so relevant to the teaching/learning process in Mathematics and
Statistics (Garcia-Sudrez et al., 2023; Spencer et al., 2023). The affective dimension of
competencies such as emotional competence is part of the curriculum to be addressed in the
teaching/learning processes of mathematics. Therefore, the evaluation of these attitudes is
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essential for academic achievement and performance improvement,
since the affection or rejection toward mathematics has an impact on
the interest and motivation toward mathematics, as indicated by
Feregrino etal. (2021). Also within an affective-emotional dimension,
the term self-efficacy refers to “beliefs about their ability to perform
statistical/mathematical tasks (Spencer, 2023, p. 1), and the term
mathematical anxiety refers to “feelings of tension and discomfort that
might prevent someone from carrying out his or her actual capability
in mathematical problems” (Ashcraft, cited in Ozcan and Eren
Gumiis, 2019, p. 119) and this may be related to a higher frequency of
negative attitudes toward mathematics (Garcia-Sudrez et al., 2023)
with the consequences this may have for their learning and
performance and for the specific process for the instruction and
learning of mathematics and statistics. By assessing these constructs
we focus on non-cognitive aspects, which have sometimes been given
less importance, and may be relevant to achieve meaningful learning
in mathematics and improve its teaching (Avila-Toscano et al., 2020;
Sanchez et al., 2022; Garcia-Suarez et al., 2023).

Regarding gender, Galende et al. (2020) reported more positive
attitudes toward mathematics in males compared to females. Paechter
etal. (2017) found higher levels of math anxiety in females compared
to males. Likewise, Ryan et al. (2022) found statistically significant
gender differences in the variables of math anxiety, math self-efficacy
and perseverance; specifically, it was males who presented higher
levels of mathematical self-efficacy and self-concept compared to
females, while females presented higher levels of mathematical anxiety
compared to males. It should be noted that this has psychoeducational
implications for the teaching/learning process since, as indicated by
Ryan et al. (2022), women are more concerned about possible
difficulties in learning mathematics and lower mathematics
achievement than men. In the same line, Roncevi¢ Zubkovic¢ et al.
(2021) evaluated mathematical anxiety, mathematical self-concept and
learning strategies and mathematical performance in a sample formed
by 2,749 Croatian student body, 56% being girls, with a mean age of
14.58 years finding a less positive mathematical self-concept in girls
compared to boys and a higher use of so-called learning strategies;
girls were also found to have higher levels of mathematics anxiety
compared to boys. It was also found that the older the age of the
transition to school, the greater the lack of motivation, the positive
evaluation of mathematics and the lower the academic performance.

Studies that have previously analyzed the relationship between the
constructs included in the present study are shown below. Regarding
the relationships between attitudes toward mathematics and the
constructs of anxiety and other emotional factors, a recent study (Xiao
and Sun, 2021) examined affective-motivational factors such as
attitudes and interest toward mathematics, mathematical self-concept
and mathematical anxiety in a sample of U.S. students, 51% of whom
were male. They found different motivational and affective profiles,
being the students with a higher level of motivation and lower level of
mathematical anxiety those with higher persistence and mathematical
performance. In this study, the importance of this type of results is
raised so that teachers can also attend to motivational diversity with
individualized instruction. In the same vein, Geisler et al. (2023)
indicate that there is some evidence of relationships between the
individual interest factor of the construct of attitudes toward
mathematics with academic performance, but that more research is
needed as the results are not entirely conclusive as there are studies
(e.g., Rach and Heinze, 2017) even contradictory that find no
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relationships between the interest factor and academic performance.
Among previously studied theoretical models, those proposed by
Paechter et al. (2017), in which other variables such as procrastination
are included, stand out. The following instruments were used in this
study: the German adaptations of the Statistics Anxiety Rating Scale
(STARS; Cruise et al, 1985; Papousek et al, 2012), Revised
Mathematics Anxiety Ratings Scale (R-MARS; Baloglu and Zelhart,
2007), State-Trait- Anxiety Inventory (STAIL, German version; Laux
et al., 1981) and Procrastination Assessment Scale-Students (PASS;
O'Callaghan et al., 2009; Macher et al., 2012). The researchers reached
the following conclusions: female students presented higher levels of
math anxiety; those with a higher propensity to experience anxiety in
general, also experienced higher levels of math anxiety; better grades
in mathematics implied lower levels of math anxiety; better grades in
mathematics implied surprisingly higher levels of statistical anxiety;
math anxiety was directly related to statistical anxiety; males were
more prone to procrastination; low grades were related to higher levels
of procrastination; and statistical anxiety was related to
procrastination, among others. Another model to be highlighted is
that proposed by Weidinger et al. (2017), who suggested time interval
models were related to motivation and grades. In this study, whose
sample consisted of 542 German elementary school students, the
instruments were applied over 2 years (from Grades 2 to 4), and the
following conclusions were obtained: contrary to what might
be expected, the findings in this field showed that negative feedback
does not always lead to a decrease in internal or intrinsic motivation.
This calls into question the widely held view that the idea of thinking
of less proficient, as reflected in poor grades, weakens students’
intrinsic motivation. Regarding mathematics anxiety, it is worth
mentioning that Orbach et al. (2019) investigated mathematics anxiety
by comparing the trait components of mathematics anxiety with real-
time assessments of situational anxiety responses among children. In
that study, different aspects were measured, such as components of
math anxiety, self-assessment of math skills, attitudes toward
mathematics, learning motivation, mathematics performance, social
anxiety, and intelligence of 1.179 4th and 5th grade students. A
negative correlation was observed between a component of
mathematics anxiety and academic performance. Lim and Chapman
(2015) studied the effects of using mathematics history in mathematics
instruction on levels of mathematics anxiety, attitudes, and motivation
in grade 11. Four classes from a school in Singapore participated in
this experiment. The experimental group of 51 students and control
group of 52 students comprised two classes each. The results indicated
that the use of stories as a tool for teaching mathematics had desirable
outcomes. Noteworthy are the studies conducted by Abin et al. (2020)
and Suren and Kandemir (2020) on their effects on performance.
Suren and Kandemir (2020) administered the following instruments
to a sample of 777 grade 8 students from a province in the Aegea
region of Turkey: Mathematical Motivation Scale (MMS) and
Mathematics Anxiety Scale for Elementary School Students
(MASESS). According to that research, the levels of anxiety and
motivation may have a positive relationship when it comes down
Mathematics. In fact, anxiety was found to predict performance at a
higher level, followed by motivation. The same year, in a study by Abin
et al. (2020), a large sample of 2.365 Spanish students from four
secondary school grades (12-16years) participated. In that research,
information was collected on students’ intellectual abilities, perceived
competence in mathematics, perceived usefulness of mathematics,
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mathematics anxiety, causal attributions, and mathematics
achievement. They found differences based on sex, but no significant
effects of affective or motivational variables. Ozcan and Eren Giimiis
(2019) investigated the direct and indirect effects of several
noncognitive constructs, such as mathematical self-efficacy,
mathematical anxiety, and metacognitive expertise, on mathematical
problem solving in high school students. The participants were 517
Turkish grade 7 students. They found an effect of mathematical
anxiety and academic motivation, with self-efficacy as a mediating
variable in solving mathematical problems. Likewise, the effects of
metacognitive experience mediated the variables of mathematical
anxiety, self-efficacy, and motivation. These metacognitive experiences
also influenced the resolution of mathematical problems. Also, Li et al.
(2021) conducted a meta-analysis to determine the relationship
between mathematics anxiety and students’ motivation to learn
mathematics and found a moderate negative correlation between
students’ mathematics motivation and mathematics anxiety. Regarding
the relationships between attitudes toward mathematics and the
variable self-efficacy, there is also previous research (Czocher et al.,
2020) that found that academic self-efficacy was one of the relevant
predictor variables of motivation and persistence in STEAM (science,
technology, engineering, art, and mathematics) careers. Czocher et al.
(2020) proposed the training of self-efficacy and competence through
mathematical modeling in university students, indicating the
importance of an intervention to improve the construction of such
self-efficacy. Along the same lines, another recent study highlights the
importance of mathematics attitudes such as academic interest and
self-concept and aspects such as degree of satisfaction and perceived
achievement given their influence on the dropout rate during the first
university years (Geisler et al., 2023). Czocher et al. (2020) found in
first-year undergraduate students at a German university in some
mathematics major (mathematics program and teacher education
program) aged 17-33years, using a gender-balanced sample, that
attitudes toward mathematics such as mathematical interest and
mathematical self-concept correlated inversely with the risk of
academic dropout; to be specific, satisfaction was a mediating variable
for both academic interest and academic self-concept. Another study
assessed attitudes toward statistics, statistical self-efficacy, task value
and task effort using a convenience sample of 189 students, mostly
second year engineering students, more than half white, 76.2% male
(Spencer et al,, 2023). They also found that self-efficacy and affect were
predictive variables of overall course grade, although not of
course retention.

Focusing on all the indicated constructs, another previous
research analyzed attitudes toward mathematics and other aspects
related to the emotional dimension such as perceived self-efficacy and
math anxiety in a sample of 304 Irish Secondary Education students,
60.2% male (Ryan et al., 2022). These authors considered it essential
to start assessing motivation toward mathematics in this period,
especially in view of the implementation of a new curriculum in this
area in that country. They found in the students participating in this
study positive self-confidence and also high levels of commitment and
motivation in mathematics even after 1year of instruction. Ozcan and
Eren Gumiis (2019) using structural equation modeling found in a
study involving Turkish secondary school students, effects of math
anxiety and motivation on perceived self-efficacy and metacognitive
experience which at the same time impact on the variable academic
achievement. Another work also highlighted the importance of
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interventions aimed at improving self-efficacy and self-regulated
learning that has at the same time effects on the non-cognitive factor,
that is, on the emotional dimension (enjoyment, achievement, and
mathematical anxiety) of the student body, although they found no
statistically significant differences in the variable academic
performance in mathematics after such intervention (Gamlem et al,
2019). Likewise, another study conducted in 2022 by Rovan et al.
(2022) examined the extent to which prior motivational beliefs, such
as self-efficacy and subjective value, in a sample consisting of 237
future first-year elementary school teachers are related to their prior
experiences related to mathematical learning and math anxiety. They
found that prior experience was a predictor variable of mathematics
self-efficacy and subjective value. The variable of prior motivational
beliefs was also a predictor variable of mathematics anxiety and
somewhat in the participation in the teaching/learning process in the
prospective teachers in the previous study.

More recently, Garcia-Sudrez et al. (2023) also analyzed the
affective-emotional dimension, specifically mathematical anxiety and
the level of self-confidence, in a sample of 174 first-year, undergraduate
engineering students from one of the centers of the University
Network of the University of Guadalajara (Mexico). They found, in
general terms, a tendency toward a moderate level of math anxiety, but
they also found very high levels of anxiety in some students. They also
found statistically significant negative correlations between the levels
of math anxiety and the degree of self-confidence; The authors show
that even in mathematics-related careers, these students may present
levels of anxiety that are important to evaluate with a view to
improving the teaching/learning process.

Regarding recent studies carried out in Spain, a study evaluated
attitudes toward mathematics in a sample of 81 university students
belonging to the Primary Education degree, finding (Garcia-Manrubia
et al, 2022): (a) values considered adequate for the motivation and
confidence factors; (b) values considered medium for the low interest
factor; and (c) medium-low values for the liking and anxiety factors.
Likewise, this study highlighted the need, with a view to the training
of future teachers, to further deepen the scoring of these constructs in
future research, especially considering the socio-affective domain.
Also using a sample of Spanish students, it is worth mentioning the
study by Hossein-Mohand and Hossein-Mohand (2023), which aimed
to analyze the effect of motivation on the perception of mathematics
in high school students. The instrument consisted of 135 items with
six dimensions and 31 indicators, following the procedure of
Rosenbluth et al. (2016). This instrument was applied to 2039 students
from various educational levels in the centers of the Autonomous City
of Melilla. In this study, no correlations were found between sex,
educational level, and motivation. The researchers reached the
following conclusions: motivation levels could be influencing other
study behaviors; there were no significant differences between sex and
educational level, study time or motivation; there were no differences
between motivation and mathematical learning; and there were
certain differences between women and men in the teaching variable.

Several instruments have been applied for the evaluation of the
above variables, which are as follows: Scale of attitude toward
mathematics (Auzmendi, 1992), Scale of attitude toward statistics
(Auzmendi, 1992; Darias Morales, 2000), Scale for Assessing Math
Anxiety in Secondary education (SAMAS) (Yanez-Marquina and
Villardon-Gallego, 2017) and General Self-Efficacy Scale (EAG)
(Baessler and Schwarzer, 1996; Espada et al., 2012). Other instruments
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to consider are, for example, the Math anxiety subscale of the Fennema-
Sherman Mathematics Attitude Scale (MAS; Fennema and Sherman,
1976), which was considered for application, although it was finally
discarded because of the greater suitability of the previous instrument
for math anxiety, as it has already been applied and adapted to the
context of Spanish education and society, showing excellent results. The
scale of attitude toward mathematics (Auzmendi, 1992) and scale of
attitude toward statistics (Auzmendi, 1992) are brief self-reports in a
25-item format used to assess the relevant dimensions of attitudes
toward mathematics and statistics. Moreover, these instruments have
been applied in the Spanish context, both in primary and secondary
education and at post-compulsory levels, which is an indicator of the
suitability and effectiveness of both tools. Other instruments selected,
such as the mathematical anxiety and self-perceived efficacy
instruments, were reduced versions that have been widely administered
in the Spanish context and cover the most relevant dimensions of these
constructs. Specifically, in the case of mathematics, it is especially
relevant to understand the existing attitudes and social and emotional
competencies of students in this area. Another noteworthy study is that
of Ren et al. (2016), which used the previously adapted Fennema-
Sherman scale of mathematical attitudes for primary school teachers.
This study was divided into three phases: the first pilot phase to check
whether the modifications made were adequate; the second phase with
225 teachers as a sample for a subsequent factor analysis; and the third
phase for an invariance analysis with 171 teachers as a sample. The
overall results suggested that the revised scale could be used by
researchers and program evaluators to reliably measure attitudes
toward mathematics among elementary school teachers and could be a
valuable tool for assessing the effectiveness of professional development.
Regarding the variables of attitudes toward statistics and mathematics,
Flores and Auzmendi (2015) verified the suitability of the variables
described above for attitudes toward mathematics. In Darias Moraless
(2000) study, the same was done for the variables with respect to
attitudes toward statistics. Regarding mathematical anxiety, the model
used, with duly justified variables, appeared in the study of Yanez-
Marquina and Villardon-Gallego (2017), in which the influences of
other scales on its elaboration were also discussed. The Generalized
Self-Efficacy Scale (GSES) has been considered (Baessler and Schwarzer,
1996; Espada et al., 2012), and validated by Espada et al. in Spain.

It is worth pointing out the need to continue to study in depth the
affective domain related to the mathematics curriculum, considering
also that there are still no studies in which the relationships between
these constructs are studied by means of the design of artificial neural
networks. Precisely, there are already studies that have been
demonstrating the usefulness of this type of analysis given the numerous
applications that can be derived to see how these variables influence the
teaching/learning process (Hwang et al., 2020; Martinez-Ramon et al,,
2021) and which would also be appropriate, in this case, in Mathematics
due to their potential predictive value for the so-called Mathematics
Learning Difficulties (MALD) in students and with the help of the
“intelligent tutor” from the teaching environment (Hwang et al., 2020).

Having said that, the present project seeks to study different
variables related to students™ attitudes toward mathematics and/or
statistics, and find relationships between these and other variables, such
as academic performance or anxiety generated in different situations
involving mathematics and/or statistics. The variables to be addressed
are (a) attitudes toward mathematics (disaggregated into anxiety -levels
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of alteration or nervousness-, agreeableness -levels of affinity with
mathematical activity-, usefulness -level of perceived usefulness of
mathematics-, motivation -level of motivation generated by
mathematics-, and confidence -level of hope generated by
mathematics-); (b) attitudes toward statistics (disaggregated into
security -related to aspects of anxiety, but also with the perception of
security/insecurity with respect to the ability to execute statistical
problems-, importance -with certain connotations of satisfaction and
valuation of the subject-, usefulness -measures the productivity or
benefits that statistics can offer-, and desire to know -including aspects
of motivation toward knowledge, although also related to aspects of
usefulness-); (c) mathematics anxiety (disaggregated into anxiety in
everyday mathematics -anxiety generated by everyday activities
involving basic mathematics-, mathematical learning -anxiety generated
by the activities performed throughout the learning process in
mathematics-, and mathematics tests -anxiety generated by facing and
taking mathematics tests-); (c) self-perceived efficiency (self-perceived
degree of performance in dealing with various situations); and (d)
sociodemographic data (sex, age, grade, degree, and average grade).
The overall objective of the present study was to analyze the possible
causes of student demotivation toward mathematics, find relationships
between these causes and academic performance, and propose a learning
situation/teaching unit based on statistics/probability as a response to
these possible relationships and/or causes. The specific objectives were
as follows: (1) to study the differences in these variables between different
groups according to age and sex; (2) to examine the relationship between
mathematics and statistics attitudes and study variables; (3) to study
differences in mathematical anxiety before and after a mathematics
exam; and (4) to design an artificial neural network (ANN) capable of
predicting academic performance on the basis of scores on the variables
math anxiety, self-efficacy and sociodemographic variables of the study.
The hypotheses of the present work were: (h1) we expected to find
statistically significant gender differences in the levels of mathematical
anxiety and self-efficacy; (h2) we expected to find associations
between attitudes toward mathematics and statistics and the variables
of mathematics anxiety and perceived self-efficacy -in particular
we expected to find a direct negative relationship between academic
performance and variables related to mathematics anxiety, in contrast,
a positive direct relationship was expected between academic
achievement and variables related to attitudes toward mathematics,
statistics, and self-efficacy-; (h3) to study the levels of math anxiety
before and after a math test, higher levels of anxiety were expected
before taking the exam; (h4) it was expected that the levels of math
anxiety, self-efficacy and the sociodemographic variables of the study
may contributed to the predictive capacity of the artificial neural
network of the variable academic performance in mathematics.

2. Methods
2.1. Design

The ethical principles of the Declaration of Helsinki were
considered and an ex post facto cross-sectional design was used. After
obtaining approval from the Ethics Committee and reporting on the
project, self-reported questionnaires with Likert-type responses were
administered to participants.
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2.2. Participants

The study protocol was approved by the Ethics Committee of the
University of Granada (Granada, Spain; 3,376/CEIH/2023). Full-time
students between the ages of 12 and 58 years were included. Based on
the way of selection of individuals, the sample could be catalogued as
a convenience sample. Since there was no missing data, technics
meant for this purpose were no needed. The sample comprised 276
Spanish students from different degrees and levels, including 209
females (75.7%) and 67 males (24.3%). The average age of female
participants was 19.92 years, whereas that of male participants was
20.07. The female participants were aged between 18 and 59 years,
whereas the male participants were between 18 and 45 years. For the
study of mathematical anxiety before and after a mathematics exam,
the sample comprised 19 secondary education students, consisting of
eight females (42.1%) and 11 males (57.9%). The average age of female
participants was 14years, whereas that of male participants was
14.73 years. The female participants were all 14 years old, whereas the
male participants were between 14 and 16 years old.

2.3. Procedure

The instruments were collectively administered in classrooms
using an online link. The collaborating faculty reported the purpose
of the research and its confidentiality in the presence of the members
of the research team. Doubts have also been raised in this regard. The
secondary school students were contacted by one of the teachers.
Thereafter, the project was explained, and data and instruments were
administered in the classroom. The teachers were able to clarify any
doubts at all times. Data were collected between March and April
2023. The study was voluntary, confidential, and anonymous.

2.4. Measures

Scale of attitude toward mathematics (Auzmendi, 1992) assesses
the dimensions of mathematics. This scale evaluates five different
aspects, namely anxiety, pleasantness, utility, motivation, and
confidence, using 25 different items. These items are evaluated on a
continuous response scale ranging from 1 (strongly disagree) to 5
(strongly agree). The reliability analyses showed acceptable internal
consistency (a=0.914).

Scale of attitude toward statistics (Auzmendi, 1992) assesses the
dimensions of statistics. This scale evaluates four different aspects:
security, importance, utility, and desire to know through 25 different
items. These items are evaluated on a continuous response scale
ranging from 1 (strongly disagree) to 5 (strongly agree). The reliability
analyses showed acceptable internal consistency (a=0.9).

Scale for assessing math anxiety in secondary education (SAMAS)
(Yanez-Marquina and Villardon-Gallego, 2017). This self-report scale
consists of 20 items with a Likert-type response format ranging from
0 (strongly disagree) to 10 (strongly agree). It comprises the following
subscales: (a) Anxiety regarding everyday mathematics; (b)
Mathematical learning-anxiety; and (c) Math test anxiety. Internal
consistency for the subscale Anxiety regarding everyday mathematics
was a=0.84; internal consistency for the subscale Mathematical
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learning-anxiety was a=0.86, and internal consistency for the subscale
Math test anxiety was a=0.84. Examples of items for each of the
factors, respectively, would be the following: (a) “I get nervous when
calculating the total price of what I bought”; (b) “I get nervous
whenever it is math’s turn”; (c) “I get more nervous during the math
tests than during the exams of other subjects”

General self-efficacy scale (EAG) (Baessler and Schwarzer, 1996;
Espada et al., 2012). This instrument consists of 10 items with a
10-step Likert-type response format from 1="“totally disagree” to
10="“totally agree” A total score is obtained in which the higher the
score, the higher the level of self-efficacy. The internal consistency of
the scale is 0.092. An example item is: “I can solve difficult problems
if I try hard enough”

Sociodemographic questionnaire on degree, course, sex, age, and
average grade. Ad hoc preparation.

2.5. Statistical analysis

SPSS Windows software version 26 was used for statistical
analysis. Descriptive analyses of this study are also presented
(percentages, frequencies, means, and standard deviations). A t-test
was used to compare means according to sex after verifying that the
assumptions of homoscedasticity and normality were met. Stepwise
regression analyses were performed. For non-parametric contrasts,
the Kolmogorov-Smirnov (for comparing the distribution of two
variables), Wilcoxon (for comparing the median value of two variables
if they follow different not normal laws), Sign, and Mann-Whitney
tests were applied when needed. The regression model included the
dimensions of mathematics and statistics attitudes as dependent
variables, and the dimensions of anxiety and perceived self-efficacy as
independent variables (value of p lower than 0.05).

An artificial neural network for the backpropagation algorithm
was designed using academic performance as the dependent
variable. All ratings were transformed to a scale ranging from 0 to
10, and the 25th, 50th, and 75th percentiles were calculated to
determine the Q1, Q2, Q3, and Q4 quartiles. Knowing the 75th
percentile (Q1) in terms of performance, performance was
recalculated in another variable so that two groups were
dichotomized: a group of students with excellent performance (Q1)
with a grade equal to or greater than 8.49 and the performance of the
students who were at that level (Q2, Q3, and Q4). For the RNA
signal, a fixed seed was established to manage randomness
(314159265). Regarding the distribution of the cases, 68% (n=187)
were used for the training phase, 20.7% (1 =57) for the testing phase,
and 11.3% (n=31) for the training, testing, and backup phases,
respectively. Regarding network information, the ANN consisted of
a factor that was a sex-dichotomous qualitative variable and five-
scale covariates (age, self-efficacy, Act_mat, Act_state, and math_
anxiety) together with the bias node. The generated hidden layer was
composed of two nodes and a bias. Finally, the VD was composed of
two nodes (1=performance of excellence, Q1, and 0=academic
performance, Q2, Q3, and Q4). No scaling was required for input-
layer covariates. The activation function of the hidden layer in this
research was a hyperbolic tangent. The output layer activation
function was a softmax function and the output layer error function
was Cross-entropy.
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TABLE 1 Descriptive summary and internal consistency for mathematics and statistics attitudes, mathematical anxiety, and self-efficacy.

Variables Minimum Maximum

Mean Standard deviation

Cronbach's alpha

Attitudes toward mathematics
Anxiety 9 45 27.190 8.257 0.746
Pleasure 4 20 9.450 3.907 0.717
Utility 6 30 15.890 4.690 0.717
Motivation 3 15 10.300 2.290 0.716
Trust 3 15 11.180 2.359 0.716
Attitudes toward statistics
Security 11 55 32.890 8.768 0.730
Importance 6 30 14.860 4.720 0.709
Utility 5 24 14.660 3.460 0.712
Desire to know 5 24 16.500 3.341 0.714
Mathematical anxiety
Anxiety regarding everyday mathematics 0 70 19.510 16.432 0.700
Mathematical learning-anxiety 0 80 32.420 21.290 0.743
Math test anxiety 0 50 29.650 13.826 0.703
Self-efficacy 12 40 29.590 4.845 0.718
3. Results 3.4. Differences in mathematical anxiety

3.1. Descriptive results for the whole
sample

The descriptive information for the variables mentioned above is
shown in Table 1.

3.2. Differences between sexes in levels of
the variables mentioned above

Figures 1-4 below show the differences between sexes in the levels
of the variables in this study.

3.3. Relationship between mathematics
and statistics attitudes and anxiety levels
and self-efficacy

The results of the multiple regression models for the dependent
variables (mathematics and statistics attitudes) are shown in Tables 2,
3 for the male sample and in Tables 4, 5 for the female sample.

In summary, for the mathematics attitude dimension of anxiety,
53.4-57.4% of the total variance was predicted; for the liking
dimension, 19.3-26.3% of the total variance was predicted; for the
utility dimension, 15.4-26.6% was predicted; for the motivation
dimension, 11.8-14.9% of the total variance was predicted; and for the
confidence dimension, 8.5-20.1% of the total variance was predicted.

For the statistical attitude dimension of security, 17.7-31.6% of
the total variance was predicted; for the importance dimension,
8.2-11.1% of the total variance was predicted; for the utility
dimension, 5.1-6.3% of the total variance was predicted; and for the
will to know dimension, 8.4-10.7% of the total variance was predicted.

Frontiers in Psychology

before and after a mathematics exam

First, we wanted to test whether the difference between pre- and
post-exam mathematical anxiety levels was significant. For this
purpose, the Wilcoxon test was applied, showing that, with a
significance of 0.028, the difference was sufficient to be considered
significant. The difference tended to be positive, showing that post-
exam anxiety was lower than pre-exam anxiety.

3.5. Academic performance: proposal of an
artificial neural network based on
self-efficacy, mathematics and statistics
attitudes, mathematical anxiety and
sociodemographic variables

Figure 5 shows the graphical representation of the artificial neural
network. Scores below 0 indicate a darker link, whereas scores above
0 indicate a lighter line. In addition, the thickness of the line represents
the synaptic weight, the value of which are shown in Table 6, the
“Parameter Estimates”

In the training phase, the cross-entropy error was 110.057 with
27.8% of incorrect forecasts using one consecutive step without
error reduction as the stopping rule. In the testing phase, the cross-
entropy error was 27.818, and the incorrect forecasts were reduced
to 19.3%. Finally, during the reserve phase, the incorrect forecasts
were 12.9%. The dependent variable was “grade” (academic
excellence), and it was specified that the error calculations were
based on a verification sample. Table 6, “Parameter estimates,”
shows the synaptic weights in the interactions between the nodes of
the different layers.

Table 7, “Classification,” shows how in the training phase, the
algorithm was able to predict 72.2% of the cases. Subsequently, when
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putting the algorithm to the test again and perfecting it, it reached a
value of 80%, which was even higher when facing the cases reserved
to start the ANN, facing cases that it had not previously analyzed, and
reaching a predictive capacity of 87.1%.

Frontiers in Psychology

The area under the curve is above the diagonal; therefore, the
results obtained are not due to chance. In the COR graphs of
sensitivity, gain, and elevation, the behavior of the VI was observed;
more specifically, VI=0 and VI=1 (Figures 6-8 and Table 8).
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TABLE 2 Multiple linear regression models for the dimensions of the mathematics attitudes (dependent variable) in male.

Cl (95%)
Independent variables

Lower bound Upper bound

Anxiety (R?=0.534)

Math anxiety in exams —0.204 —0.340 —0.067 -0.410 0.068 0.004

Anxiety in mathematical learning —0.129 -0.225 —0.033 —0.367 0.048 0.009

Pleasure (R?=0.193)

Anxiety in mathematical learning ‘ —0.084 ‘ —0.127 ‘ —0.042 ‘ —0.440 ‘ 0.021 ‘ <0.001

Utility (R?=0.266)

Anxiety in mathematical learning ‘ —0.122 ‘ —0.144 ‘ —0.060 ‘ —-0.516 ‘ 0.021 ‘ <0.001

Motivation (R?=0.118)

Math anxiety in exams ‘ —0.063 ‘ —-0.105 ‘ —0.200 ‘ —0.344 ‘ 0.021 ‘ 0.004

Confidence (R?*=0.085)

Everyday mathematical anxiety ‘ —0.040 ‘ —-0.072 ‘ —0.008 ‘ —-0.292 ‘ 0.016 ‘ 0.016

R?, regression coefficient of determination; B, regression coefficient; CI, confidence interval; , adjusted coefficient from multiple linear regression analysis; SE, coefficient standard error.

TABLE 3 Multiple linear regression models for the dimensions of the statistics attitudes (dependent variable) in male.

ClI (95%)
Lower bound Upper bound

Independent variables

Safety (R?=0.177)

Anxiety in mathematical learning ‘ —0.174 ‘ —-0.267 ‘ —0.081 ‘ —0.420 ‘ 0.047 ‘ <0.001
Importance (R?=0.082)

Math anxiety in exams ‘ —0.096 ‘ —-0.176 ‘ —0.016 ‘ —0.286 ‘ 0.040 ‘ 0.019
Utility (R?=0.051)

Everyday mathematical anxiety 0.028 —0.024 0.079 0.140 0.026 0.287
Math anxiety in exams —0.054 —-0.113 0.006 —0.236 0.030 0.076
Desire to know (R?=0.084)

Anxiety regarding mathematical learning —-0.027 —0.063 0.010 —0.180 0.018 0.149
Self-efficacy 0.106 —0.034 0.250 0.186 0.071 0.136

R?, regression coefficient of determination; B, regression coefficient; CI, confidence interval; B, adjusted coefficient from multiple linear regression analysis; SE, coefficient standard error.

TABLE 4 Multiple linear regression models for the dimensions of the mathematics attitudes (dependent variable) in females.

Cl (95%)
Independent variables

Lower bound Upper bound

Anxiety (R?=0.574)

Anxiety in mathematical learning —0.224 —0.277 —0.170 —0.565 0.027 <0.001
Math anxiety in exams —0.137 —0.223 —0.052 -0.215 0.043 0.002
Self-efficacy 0.236 0.078 0.394 0.134 0.080 0.004

Pleasure (R*=0.263)

Anxiety in mathematical learning ‘ —0.094 ‘ —0.116 ‘ —-0.073 ‘ —0.512 ‘ 0.011 ‘ <0.001

Utility (R=0.154)

Anxiety in mathematical learning ‘ —0.089 ‘ —0.117 ‘ —0.060 ‘ —0.392 ‘ 0.014 ‘ <0.001

Motivation (R?=0.149)

Anxiety in mathematical learning ‘ —0.040 ‘ —0.054 ‘ —0.027 ‘ —0.386 ‘ 0.007 ‘ <0.001
Confidence (R?=0.201)

Anxiety in mathematical learning —0.057 —0.079 —0.036 —0.500 0.011 <0.001
Self-efficacy 0.118 0.055 0.181 0.232 0.032 <0.001
Math anxiety in exams 0.039 0.005 0.073 0.212 0.017 0.024

R?, regression coefficient of determination; B, regression coefficient; CI, confidence interval; , adjusted coefficient from multiple linear regression analysis; SE, coefficient standard error.
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TABLE 5 Multiple linear regression models for the dimensions of the statistics attitudes (dependent variable) in female.

Cl (95%)
Independent variables

Lower bound Upper bound

Safety (R?=0.316)

Anxiety in mathematical learning ‘ —0.237 ‘ —0.285 ‘ —0.189 ‘ —0.526 ‘ 0.024 ‘ <0.001

Importance (R?=0.111)

Anxiety in mathematical learning ‘ —0.075 ‘ —0.104 ‘ —0.046 ‘ —0.334 ‘ 0.015 ‘ <0.001

Utility (R?=0.063)

Math anxiety in exams ‘ —0.068 ‘ —0.104 ‘ —0.032 ‘ —0.252 ‘ 0.018 ‘ <0.001

Desire to know (R?=0.107)

Anxiety in mathematical learning ‘ —0.054 ‘ —0.075 ‘ —0.032 ‘ —0.327 ‘ 0.011 ‘ <0.001

R?, regression coefficient of determination; B, regression coefficient; CI, confidence interval; , adjusted coefficient from multiple linear regression analysis; SE, coefficient standard error.

Synaptic Weight > 0
= Synaptic Weight < 0

Maths_anxiety

Hidden layer activation function: Hyperbolic tangent

Output layer activation function: Softmax

FIGURE 5
Academic performance: Proposal of an artificial neural network based on self-efficacy, mathematics and statistics attitudes, mathematical anxiety, and
sociodemographic variables.
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TABLE 6 Estimated parameters of the artificial neural network.

10.3389/fpsyg.2023.1214892

Predicted
Predictor Hidden layer 1 Output layer
H(1:1) [Grade=0] [Grade=1]
Input layer (Bias) 0.305 —0.635
[Sex=1] —0.362 -0.357
[Sex=2] —0.602 -0.272
Age —0.176 0.248
Self-Efficacy 0.323 0.140
Att_Maths —-0.716 —0.433
Att_Statistics —0.127 -0.019
Math_anxiety 0.804 —0.143
Hidden layer 1 (Bias) 0.166 —0.314
H(1:1) 0.299 0.016
H(1:2) —0.059 0.580

Sex=1, female; Sex=2, male; Att_Maths, mathematics attitudes; Att_Statistics, statistics attitudes; Grade =0: Q2, Q3 y Q4 within academic performance; Grade=1: QI or academic excellence.

TABLE 7 Clasification.

Observed

Example

Academic performance
Q2, Q3y Q4

Predicted

Performance of

e ) Correct percentage

Training Academic performance Q2, Q3 y Q4 135 0 100.0%
Performance of excellence (Q1) 52 0 0.0%
Overall percentage 100.0% 0.0% 72.2%

Testing Academic performance Q2, Q3 y Q4 46 0 100.0%
Performance of excellence (Q1) 11 0 0.0%
Overall percentage 100.0% 0.0% 80.7%

Holdout Academic performance Q2, Q3 y Q4 27 0 100.0%
Performance of excellence 4 0 0.0%
Overall percentage 100.0% 0.0% 87.1%

Dependent variable: academic excellence.

When analyzing the importance of the independent variables (Table 9
and Figure 9), “mathematics anxiety” was found to be the variable that
contributed the most to the predictive capacity of the model, followed by
“attitudes toward mathematics” and “attitudes toward statistics” The
sociodemographic variable “sex” barely contributed to predictive capacity.

4. Discussion

This study examined the relationship between different aspects of
mathematics learning and statistics representing every student. To keep
them in mind, we refer to the dimensions above explained of mathematics
anxiety, mathematics and statistics attitudes, and finally self-efficacy.

As mentioned at the beginning of this study, some
relationships were expected regarding the influence of these
variables that are part of the affective-emotional domain on
attitudes toward mathematics, in the same way as in the previous
study by Xiao and Sun (2021) in which the negative impact of
mathematical anxiety on attitudes related to mathematics was
evidenced, with students with higher levels of mathematical
anxiety being less persistent in the study and with lower academic
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performance. It was also expected to find, in general terms, the
positive relationship between self-efficacy and those attitudes in
coherence with the study conducted by Czocher et al. (2020) in
which positive correlations were also found between the levels of
self-efficacy and the degree of motivation and persistence in
studying them.

In this sense, it is important that future teachers are trained to
consider not only the cognitive components but also the affective
domain so relevant for the teaching/learning process of mathematics
as stated in different studies (Garcia-Sudrez et al., 2023; Spencer
etal., 2023).

4.1. Relationship between sex and study
variables

Self-efficacy levels are quite similar among males and females in
our research. Considering that the maximum level that could
be reached was 40, the people asked were themselves thought to
be capable of facing a wide range of situations and having tools to
solve them properly. Specifically, the average level for the sample was
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29.590, which is a high level according to the scale. In addition to that,  affective and motivational variables. Also, in a recent investigation
there is no significant difference between both populations. In the ~ (Ryan et al., 2022), different levels of mathematical self-efficacy were
previous study by Abin et al. (2020) significant differences were found ~ found as a function of gender. In contrast, in another study, no
according to sex, even considering that the differences were due to  statistically significant gender differences were found in the self-
the role played by this variable rather than due to the effects of  efficacy variable (Smith et al, 2010). It would be interesting to
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TABLE 8 Area under the curve.

Academic excellence Academic performance Q2, Q3 y Q4 0.545
‘ (Grade) Performance of excellence (Q1) 0.544 ‘
TABLE 9 Independent variable importance.
Importance Normalized
importance
Sex 0.001 0.2%
Age 0.029 5.2%
Self-efficacy 0.035 6.3%
Mathematics attitudes 0.341 61.9%
Statistics attitudes 0.045 8.3%
Mathematical anxiety 0.550 100.0%

Dependent variable (VD): Grade.

continue to administer even more specific instruments for the
evaluation of this variable in the cultural context in which this study
is conducted.

Regarding mathematics attitudes, there was a significant
difference between males and females. In fact, males showed a
slightly higher level of mathematical attitudes than females. This
could be due to several reasons, such as some stereotypes present
in the sciences in general, and in mathematics in particular, as
stated in Ghazvini and Khajehpour (2011), Rodriguez et al.
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(2020), and Froehlich et al. (2022). For statistical attitudes, unlike
before, there was no significant difference between males and
females in this research. This result is congruent with previous
studies in which no gender differences in attitudes toward
statistics are found (Gil-Flores, 1999; Mondéjar et al., 2007). It
seems that it is the previous experience in some way related to
statistics, such as having books on this subject at home or having
read some of these books, which is most related to the positive
attitudes shown toward statistics, especially in terms of liking it
(Vila and Rubio, 2016). This can be explained by an argument
regarding utility. In other words, as statistics are, in general, less
abstract than other mathematics branches and, as a consequence,
more applied to other fields, it is generally more appealing
to students.

Finally, there was a significant difference in mathematics anxiety
between males and females in our research. In general, the level of
state-anxiety is higher in women compared to men (Montero and
Morales-Rodriguez, 2021). More specifically, recent research shows
higher levels of math anxiety in females compared to males (Roncevic
Zubkovic et al,, 2021). Other papers also find statistically significant
gender differences in levels of math anxiety, with females presenting
higher levels (Paechter et al.,, 2017; Ryan et al., 2022). As previously
stated, Ghazvini and Khajehpour (2011), Ozcan and Eren Giimiis
(2019), Li et al. (2021), Rovan et al. (2022), and Ryan et al. (2022)
treat this situation and provide some possible reasons. In this sense,
some of the relevant factors that can be highlighted are the training
and previous knowledge in this subject by the students, which can
be related to the levels of anxiety and stress they show (Vila and
Rubio, 2016).
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4.2. Relationship between mathematics
and statistics attitudes and study variables

For both mathematics and statistics attitudes, there was a
similar pattern of influence on mathematics anxiety and self-
efficacy in the present study. As expected, in most cases, the
influence of mathematical anxiety was mainly negative, which
seems plausible and logical if considered Mathematical Anxiety can
be interpreted as aversion to mathematics in any form (Li et al.,
2021; Ryan et al., 2022). In fact, the dimensions of this kind of
anxiety studied here involve many aspects of a student’s life, from
daily activities such as buying clothes to taking a mathematics test
being as Garcia et al. (2016) indicates higher levels of anxiety when
facing an exam or trying to understand a mathematical problem in
class before other situations of everyday life in which Mathematics
is continuously being applied. The influence of this type of anxiety
on students’ learning results in, as previously mentioned, an
aversion and a false feeling of incapability in any mathematical
knowledge, pygmalion effect, and a less positive mathematical self-
concept (Roncevi¢ Zubkovi¢ et al., 2021). Besides, The students
with lower levels of mathematical anxiety were found to have higher
motivation and performance compared to other motivational
profiles with higher levels of anxiety (Xiao and Sun, 2021). The
study by Rovan et al. (2022) also indicates that motivational beliefs
are a predictor variable of mathematics anxiety in prospective
teachers. In another recent research, Garcia-Sudrez et al. (2023)
show the relationship between the mathematical anxiety construct
and the greater presence of negative attitudes and their
consequences for the learning of this subject. It can also be noted
that, as found by Paechter et al. (2017), it can be expected that levels
of anxiety toward mathematics can be expected to correlate
positively with levels of statistical anxiety.
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However, the opposite was observed in the self-efficacy dimension.
In all cases where this dimension is significant, the effect produced can
be categorized as positive. A positive evaluation of this dimension may
be crucial in terms of the capability to face and solve problems (Chen
et al,, 2023; Pocan et al., 2023; SalehAlabdulaziz, 2023; Samuelsson,
2023). It is also a predictor variable that has been considered relevant
for motivation and persistence for the so-called STEAM careers and
hence the need to contribute to its improvement from different
educational levels (Czocher et al., 2020). These data obtained in our
study are congruent with other research in which levels in the variable
self-efficacy were found to be related to students’ levels of math anxiety
and academic motivation (Ozcan and Eren Giimiis, 2019). Recently,
Garcia-Sudrez et al. (2023) found inverse correlations between the
variable’s math anxiety and perceived degree of self-confidence.

4.3. Differences in mathematical anxiety
before and after a mathematics exam

The results showed that levels of mathematical anxiety decreased
after the completion of a mathematics test. This can be understood as
a sensation of freedom and relief that appeared after the exam was
completed. However, this sensation is supposed to be transient as
worries appear again when students face mathematics lessons. The
academic setting is one of those that can generate daily stress in young
people (Elsalem et al., 2020; Morales-Rodriguez, 2021) and, like the
current study, in the work of Garcia et al. (2016), it is mentioned that
the university students participating in their research show less
anxiety toward mathematics in their daily lives compared to when
they try to understand mathematical problems, or when they sit for
evaluations or exams corresponding to the mathematics subjects they
take in their academic training.
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4.4. Relationship between academic
performance and mathematical anxiety
and mathematical and statistics attitudes:
proposal of an artificial neural network
based on self-efficacy, mathematics and
statistics attitudes, mathematical anxiety,
and sociodemographic variables

The results showed that mathematical anxiety had a crucial paper
in the classification in terms of academic performance. In addition to
that, mathematical attitudes had also a significant role in the
classification. On the other hand, statistical attitudes did not have such
importance, but a lesser important impact. The relations, as it is stated
in the introduction, are then accepted by the results obtained as
evidenced in studies such as those conducted by Xiao and Sun (2021).
Geisler et al. (2023) also highlight the existence of relationships
between attitudes toward mathematics and the academic achievement
variable. Orbach et al. (2019) also find inverse correlations between
components of the math anxiety and academic performance variables.
In the same line, another research found that anxiety levels and
motivation in that order were predictor variables of the performance
variable (Suren and Kandemir, 2020). Spencer et al. (2023) found that
self-efficacy was also a predictor variable of overall course grade. In
our study, the results obtained have been confirmed using the
fundamentals of a classical methodology based on regression analysis
and, especially, with the innovative design of artificial neural networks,
which have proven to be very useful in the field of educational
psychology (Hwang et al., 2020; Martinez-Ramon et al., 2021). This
confirmation with this type of analysis based on artificial intelligence
to the educational field, was much needed in this field of knowledge
since there were still results that did not find effects of self-efficacy
improvement on academic performance (Gamlem et al.,, 2019), or that
consider the existence of contradictory results regarding the
relationships between attitudes toward mathematics such as interest
and academic performance (Rach and Heinze, 2017).

4.5. Implications for education

Several studies have demonstrated the implications of
mathematics anxiety in the learning process. The present research is
also one of these, since mathematics and statistics attitudes are crucial
to the learning process mentioned above. In this sense, we could
emphasize the implications of this research for the advancement of
educational psychology by contributing in some way with a new
analysis based on artificial intelligence models to further clarify the
relationships between constructs related to the affective-emotional
dimension of attitudes toward mathematics such as mathematical
anxiety and self-efficacy with student motivation and academic
achievement. To date, regression models had been applied using
structural equations in which there were still inconclusive or
contradictory data. Thus, we are trying to contribute to generate new
knowledge considering another key aspect to highlight the
implications of this study in the field of artificial intelligence and
artificial neural networks. The development of the neural network
designed based on self-efficacy, mathematics and statistics attitudes,
mathematical anxiety, and sociodemographic variables is considered
useful in the field of educational psychology, as there are many
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advantages that the advances in artificial intelligence can bring to the
analysis of the relationships between the constructs evaluated here and
educational decision-making (Colchester et al., 2016; Guo et al., 20215
Martinez-Ramon et al., 2023). The levels of math anxiety, self-efficacy
and sociodemographic variables of the study contributed to the
predictive capacity of the artificial neural network of the variable
academic performance in this subject.

Mathematical and statistical skills, such as information
arrangement and interpretation, are key points in modern society. As
we are exposed to uncountable information sources, the process of
learning mathematics becomes a recurrent issue when reforms of the
educational system are discussed. Precisely in Spain, these aspects are
being debated in Early Childhood Education in view of the changes
in the curriculum due to new legislative provisions such as the Royal
Decree 95/2022, of February 1 (Royal Decree, 2022), which establishes
the organization and minimum teachings of Early Childhood
Education. Likewise, the LOMLOE (2020) (Organic Law 3/2020, of
December 29, which modifies Organic Law 2/2006, of May 3, on
Education) places special emphasis on affective-emotional education
and the prevention of gender stereotypes within the Mathematics
curriculum. Therefore, teacher training in this area is essential to
contemplate the design of learning situations that work on emotional
competence in related areas and STEAM careers.

Dimensions such as motivation or confidence should
be considered in the design of experiences, activities, and didactical
units. Thus, the inclusion of new technologies, such as
smartphones, personal computers, and other devices, might
be interesting, as presented by Plenty and Heubeck (2013), Turel
and Sanal (2018), and Watt et al. (2019). In this sense, it should
be noted that the use of Information and Communication
Technologies with the design of e-learning courses, mobile
applications to clarify doubts and difficulties in the teaching/
learning process of mathematics, sharing daily news and stories of
daily life that demonstrate its usefulness and that it is not inert
knowledge, with active and interactive methodologies with the use
of images (movies, videos, sharing presentations, etc.) and not only
words, could contribute to promote the development and
acquisition of this affective or emotional dimension in its positive
aspect with the improvement of self-efficacy and in its negative
aspect with the improvement of self-efficacy and in its positive
aspect with the improvement of self-efficacy, videos, sharing
presentations, etc. For this, in the didactic planning it would
be necessary to train effective coping strategies to reduce anxiety
problems in mathematics exams and to improve self-perceived
competences that could help to reduce school difficulties or failure.
In addition to that, Ren et al. (2016) described a curious experience.
This study examined, in a sample of 94 students in a mathematics
course at a Turkish University, how the use of an e-book influenced
academic performance, motivation, and mathematical anxiety in a
group of students compared to another group that used a printed
book. In this sense, in a future study, we could also consider how
the use of digital materials and even social networks influences
university students. This type of resource would be especially
motivating for secondary school students. There are already
previous studies that show that having books and reading them
about statistics can help to improve attitudes toward mathematics
and statistics by generating greater interest and enjoyment (Vila
and Rubio, 2016).
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Finally, Orbach et al. (2019) focused on the motivational profile
of students. This study explored the relationship between this
motivational profile and student aspirations. Data from the Study of
Transitions and Education Pathways (STEPS; Watt et al., 2019) can
be consulted. In this sense, this type of assessment related to the
affective or emotional dimension of attitudes toward mathematics and
self-efficacy is necessary especially in STEAM degrees where, as found
by Czocher et al. (2020), academic self-efficacy is one of the most
important variables for dropout and contributing to motivation in
such degrees. This aspect can be considered especially relevant since
achievements in the field related to the teaching of Mathematics are
also fundamental for the achievement of the Sustainable Development
Goals (2023) given its applications so relevant to everyday life in
addition to other aspects related to the gender perspective and for the
achievement of goal number 5 of the United Nations 2030 Agenda for
Sustainable Development (gender equality and empowerment of
women and girls). This would allow us to design interventions and
teaching planning considering the effect of the gender variable and the
already known Vygotskian Zone of Proximal Development also
considering that, as indicated in the study by Spencer et al. (2023) an
overconfidence with too easy tasks could also have a negative impact
on academic performance. It also allows us to reflect on the
importance of the tasks that teachers ask of their students for the
acquisition or development of competencies and their feedback in the
design of learning situations. Self-regulated learning, self-perceived
competencies and metacognition need to be enhanced, consistent
with what is put forward by Gamlem et al. (2019) and Ozcan and Eren
Gumiis (2019). The development of adaptive beliefs about this
material should also be encouraged from the initial training of future
teachers (Rovan et al., 2022), providing them with the necessary
training to avoid gender bias in the assessment of attitudes toward
mathematics (Ledn-Mantero et al., 2020). This will be very useful to
prevent this discriminatory typology from Early Childhood Education
and for the construction of the person and the integral development
of the personality, considering in this case the affective or emotional
dimension of attitudes toward mathematics in coherence with the
LOMLOE. We believe that these aspects can contribute to the
necessary improvement of educational inclusion and attention to
motivational diversity without leaving emotional competencies in the
Mathematics and Statistics curriculum in the background. For the
improvement of motivation in the design of learning situations
required by the recent laws in Spain, it is considered very useful the
keys that are raised in articles such as Valle et al. (2006). Therefore, the
information provided by this type of study is useful for vocational
guidance of students from secondary education and encourages
women to enroll more in degrees such as Mathematics considering
these aspects and the importance of improving training and
experiences with mathematics and statistics at these educational levels.

4.6. Limitations and future research
directions

This research could lead to other similar research, as the
influence of anxiety on the learning process is an interesting topic.
In addition, mathematics has always been a special subject; it is
considered a difficult and incomprehensible branch of knowledge,
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and experts have tried to make it accessible to the majority of the
population. For this purpose, the effects of anxiety on the learning
process could be studied further and some solutions could
be proposed. In addition, activities to improve mathematics and
statistics attitudes could be proposed and tested, as these attitudes
are important in terms of the predisposition to learn and
comprehend. Further studies could include the insertion of these
studies and predictions into recently proposed skill-based learning
and how the levels of attitudes and anxiety evolve under this type
of learning.

One limitation of this study was the sample size in one of its
groups, such as the need to continue expanding the sample of
secondary education students in more centers, even analyzing
differences between centers in rural and urban contexts so that the
information can be generalized to other cultures and language
registers since the current sample was made up of Spanish-speaking
students. On another note, the area under the curve obtained in the
ANN also leads to be cautious in its analysis although it has a
predictive capacity above chance.

In future studies, it would also be interesting to analyze the
affective domain such as anxiety toward mathematics not only in
future teachers and students, but also in the other element of the
educational situation such as teachers who already teach
mathematics. In this sense, in the case of secondary education
teachers of mathematics, it has been found that the main situations
generating emotional feelings in Mexican teachers were the attitudes
of commitment, motivation and the academic performance of their
students. Emotions such as pride, gratitude, appreciation, and
happiness appeared in the face of student learning, and academic
achievement. Non-commitment and low academic motivation
generated in teachers’ emotions such as anger, disappointment or
reproach (Martinez-Sierra et al., 2022). It would also be interesting
to test the effect that the variables cognitive flexibility and creativity,
which are predictive of positive attitudes toward mathematics, may
have on attitudes toward mathematics in future teachers (De la Pena
etal., 2021). In this way, we would not be leaving aside the cognitive
domain of mathematics so that, as proposed by De la Pena et al.
(2021), we could try to introduce elements of innovation for the
improvement of creativity and divergent thinking with implications
for the planning of the practical teaching of mathematics that could
result in more positive attitudes. Evaluations could also be applied
with other more recent instruments even more specifically adapted
to the Spanish context for the evaluation of attitudes toward
mathematics, such as considering the importance of each item in the
factorial estimation by means of a structural equation analysis
(Ledn-Mantero et al., 2020) or by means of one of the methods
recently considered among the most effective for analyzing the
psychometric properties of an instrument, such as the Rash model
(Morales-Rodriguez et al., 2021). It would also be interesting to
further
different regions.

evaluate cross-cultural variations for comparing
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