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Abstract

Introduction: Given the critical importance of math proficiency, considerable research has focused on identifying the factors that
contribute to math achievement. Extensive research has demonstrated a negative correlation between math performance and
mathematics anxiety, that is the anxiety that appears specifically when the subject has to deal with numbers. However, it is known
that there are students who, despite having a high level of mathematics anxiety, manage to achieve adequate math performance.
The present report focused specifically on the competence acquired by students characterized by a high level of mathematics
anxiety. Materials and Method: The study involved students who were followed in their first year of secondary school. Students
were assessed on two separate occasions: first at the end of the first term, and then again at the end of the second term. Based on
the scores obtained in the anxiety questionnaire, students scoring above the mean by one standard deviation were categorized as
having high levels of anxiety. Furthermore, based on the results obtained in the math test conducted at the end of the year, these
high mathematics anxiety students were divided into two subgroups in relation to whether they had acquired the minimum levels
of competence required by the school curriculum. Results: Pearson’s correlation coefficient shows an inverse relationship
between the level of mathematics anxiety and the score obtained in the math test. However, the subgroup analysis shows that,
compared to their peers who had not acquired the expected skills, students who are both highly math anxious and good math
achievers present an equivalent high fear of judgement but a significantly higher interest in studying mathematics. Mathematics
anxiety, even when high, does not necessarily prevent the acquisition of math skills. Discussion: The data are discussed in light of
the different interpretations that students can provide of their state of anxiety when faced with the difficulty of the task to be
solved: it is likely that interest in studying mathematics can counterbalance the fear of an unwanted judgment. Conclusions:
Ultimately, results suggest taking proper account of individual heterogeneity of math anxious students and highlight the need to
adopt a teaching approach that considers individual differences in the management of emotions.
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1. Introduction

Learning mathematics is often considered very challenging
and sometimes a source of great discomfort [1, 2]. In this re-
gard, in recent years, the “mathematics anxiety” (MA) has
received increasing attention [3-6]. This specific anxiety
emerges exclusively when dealing with numbers, does not
manifest during tasks related to other subjects and differs from
other forms such as trait anxiety (which refers primarily to
personality characteristics), state anxiety (which manifests
itself when one finds oneself facing some difficulty) or social
anxiety (which appears in particular situations, such as when
one has to speak in public). Already in 1972, Richardson and
Suinn [7] defined MA as “feelings of tension and anxiety that
interfere with the manipulation of numbers and the solving of
mathematical problems in a wide variety of ordinary life and
academic situations”. This type of adverse reaction to
mathematics presents itself with not only emotional but also
neurovegetative and behavioral manifestations [8-10] and its
theoretical structure as an autonomous entity has now been
corroborated by the identification of its neurophysiological
and neurobiological basis [11-15]. Furthermore, extensive
research has demonstrated a negative correlation between MA
and math test performance [16-21]. This correlation not only
affects academic outcomes but also extends to influencing
future educational and career decisions [22-24].

Numerous evaluation scales have been developed for de-
tection of MA in clinical and educational settings [25]. A
questionnaire that has proven to be very valid is the Abbrevi-
ated Math Anxiety Scale (AMAS) [26]. AMAS has been
translated into several languages, showing its transcultural
validity [27-29]. In Italian, three versions are available for
primary, lower secondary and upper secondary schools
[30-32]. The questionnaire consists of 9 items to which the
student must respond according to a scale from 0 to 5, where
the highest score corresponds to the highest level of anxiety.
The AMAS questionnaire is composed of two subscales, one
focused on anxiety related to learning mathematics (five items)
and the other on anxiety related to assessment situations in
mathematics (four items). These two subscales are believed to
measure the two main constitutive dimensions of MA [26,
30-33].

In our previous investigations [34, 35], we found that math
performance is inversely related to MA, regardless of state
and trait anxiety levels: students with higher MA levels tended
to achieve lower math scores; this trend was observed in the
math performance administered at both the beginning and the
end of the school year. Moreover, anxiety levels were in-
versely related to the students' ability to acquire new mathe-
matical skills: in the comparison of scores between the initial
and final math tests, students who did not show an improve-
ment in the second test were found to have significantly
higher levels of MA than those who exhibited an improve-
ment. Our survey involved students from the first year of
secondary school. The students performed a standardized test
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to evaluate the skills achieved in mathematics and answered
the standardized AMAS questionnaire for the evaluation of
MA. To verify the evolution of learning in relation to the
presence and intensity of anxiety, the survey was conducted
on two occasions, at the beginning and at the end of the school
year. The presence of anxiety at the beginning of the school
year seems to be an indicator of the risk of encountering dif-
ficulties in learning mathematics and in achieving the mini-
mum skills required by the study curriculum. The use of the
AMAS questionnaire was therefore proposed as a useful tool
to identify at the beginning of the school year which and how
many students might need specific educational support.

An aspect of the problem that has not yet been sufficiently
explored concerns the presence of students who, despite
having a high level of MA, manage to achieve adequate
mathematical performance [36]. High levels of anxiety are
found not only in students who do badly in mathematics, but
also in some students who show adequate mathematical per-
formance [37]. This data appears to contradict the general rule
of a negative influence of MA on learning and therefore raises
some doubts about the correct interpretation of this phenom-
enon. This further analysis of the data collected from our
survey refers to students who at the beginning of the school
year showed a very high level of anxiety. Based on previous
reports in the literature [38] and our personal observations [39,
40], we wanted to verify the presence of differences in the
characteristics of the high MA between students who, at the
end of the year, showed or did not show that they had achieved
the math skills required by the school program.

2. Materials and Methods

2.1. Subjects

The study participants were 73 Italian-speaking students
(59 male and 14 female) attending the first grade of a tech-
nical vocational secondary school (corresponding to grade
nine of English-speaking schools and of the Italian INVALSI
evaluation system [41]), who were enrolled through conven-
ience sampling. The mean age at the time of the beginning of
the school year, when students first participated in our study,
was 14 years and 7 months (SD=4 months, range=14—15.1
years). Diagnosis of dyscalculia or a specific learning disorder
(as documented by the certification issued by the health au-
thority to the educational institution to organize a personal-
ized treatment in accordance with the Italian guidelines on
specific learning disabilities) was an exclusion criterion. The
participants and their parents were informed about the pur-
poses of the research and provided written informed consent.
Participation in the study did not include any type of reward.
The study received approval from CEAS, the Ethics Com-
mittee of the Health Authorities of the Umbria Region (Italy).
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2.2. Procedure

Students were assessed on two separate occasions: first in
January, at the end of the first term (T0), and then again in
June, at the end of the second term (T1). In Italian schools,
this period corresponds to formal testing periods of the level
of learning achieved by the students. All participants com-
pleted the questionnaire designed to assess MA, as well as
another questionnaire evaluating both state and trait anxiety;
then, they undertook a standardized math test. To isolate the
impact of anxiety from potential variations in task difficulty,
the same mathematics test was administered at TO (at the be-
ginning of the school year) and T1 (at the end of the school
year). All assessments were conducted individually in the
classroom during regular school hours, and students were
informed that their data would not be shared with their
teachers.

2.3. Measures

2.3.1. Abbreviated Math Anxiety Scale

The “Abbreviated Math Anxiety Scale” (AMAS), one of
the most widely employed scales to measure MA, is a ques-
tionnaire comprising nine items, each rated on a 5-point Likert
scale, resulting in a total score ranging from a minimum value
of 9 to a maximum value of 45 [26]. The questionnaire con-
sists of two distinct subscales: “Learning Math Anxiety” and
“Math Evaluation Anxiety”. More precisely, five items ex-
plore anxiety related to math study (for example, “Carefully
listening to the math lesson” or “Starting a new topic in
mathematics”), while the other four explore anxiety related to
assessment situations (for example, “Doing a written math
examination/test” or “Having an oral test on math without
knowing in advance”). In this study, we used the Italian ver-
sion validated by Primi et al. [31]. The Italian adaptation of
AMAS exhibits psychometric properties similar to those of
the original test with respect to internal consistency
(Cronbach’s alpha >0.80) and test-retest reliability
(Cronbach’s alpha >0.81); furthermore, the two dimensions
established in the original AMAS (Learning Math Anxiety
and Math Evaluation Anxiety) were evident also in the Italian
version as well as the invariance across genders; in addition,
transcultural validity of MA assessment with the AMAS has
been documented in numerous studies [27-29] and the Italian
version has allowed collaborative studies between researchers
of different languages, for example, Italian and English [19,
42].

2.3.2. Battery for the Assessment of Calculation

The “Battery for the Assessment of Calculation Ability”
(ABCA 14-16) is a battery of paper-pencil tests for the as-
sessment of math skills in individuals aged 14- to 16-year-old
[43]. This battery of tests has been constructed with reference
to the modular model of McCloskey et al. [44] which hy-
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pothesizes that the mental representation of numerical
knowledge is independent of other cognitive systems and is
structured in three modules which are in turn functionally
distinct. The items assess different levels of mathematical
proficiency by requiring the solution of tasks of different
complexity (for example, “145.28-23.39 = or “57.8 x 2.94
="). To identify which components of mathematical pro-
cessing are deficient and provide a specific profile of the
student examined, the score obtained is compared to the cri-
teria of the normative sample. In this way, each student can be
classified into one of four possible performance bands: opti-
mal performance (scores > 70th percentile), sufficient per-
formance (scores between the 40th and 69th percentile), slight
difficulties that need to be supported (scores between the 11th
and 39th percentile), severe difficulties that require specific
teaching attention (scores < 10th percentile). In other words,
the math test score indicates whether the performance corre-
sponds to the expected one in terms of age and education and
makes it possible to identify students who, showing under-
performances, require educational support. This assessment
tool is widely used in Italy to establish whether students have
successfully acquired the math skills outlined for their current
academic year, that is the educational objectives set by the
school curriculum.

In the present study, we considered subtests that in the first
phase of our investigation were found to be affected only by
the level of MA and not by state or trait anxiety. These sub-
tests specifically consist of advanced math skills that inves-
tigate how students have stored combinations of numbers
within the calculation system and whether they are able to
access them automatically (for example, “2+3 < 4 = or
“100/10?="). Scoring is based on the number of correct an-
swers and ranges from zero, denoting the lowest level of
performance, to a maximum of 28.

2.4. Statistical Analysis

For data analysis, we utilized the Jamovi program [45].
Descriptive statistics, including mean and SD, were applied
to describe the scores obtained from the AMAS question-
naire and ABCA 14-16 test. The relationship between MA
levels at TO and math performance at T1 was examined using
the Pearson correlation coefficient. To further investigate
this relationship, students were divided into more homoge-
neous subgroups. Based on the AMAS scores, students
scoring above the mean by one SD were categorized as
having high levels of anxiety (High-MA, High Math Anxi-
ety), and those scoring below the mean by one SD were
identified as having low levels of anxiety (Low-MA, Low
Math Anxiety). Furthermore, based on the results obtained
in the math test conducted at the end of the year, students
who met or surpassed the required competencies, as
demonstrated by scoring above the cut-off of the normative
sample, were categorized into those who showed a suc-
cessful acquisition of the required competencies (A-MC,
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Achieved Math Competence). Conversely, those who did
not meet the minimum required competencies, as demon-
strated by scoring below the cut-off, were included in the
failure of acquisition of math competence subgroup (F-MC,
Failed Math Competence).

To compare the scores obtained by the subgroups in both
the math test and the anxiety questionnaire, a Levene test was
performed to assess the equality of variances. Student's t-test
for unpaired samples was used for homogeneous variances,
otherwise Welch's t-test was employed. Additionally, a Fisher
exact test was employed to examine the distribution patterns
of students with high and low MA within the subgroups
characterized by sufficient (A-MC) and insufficient (F-MC)
math performance.
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3. Results

The AMAS questionnaire performed at TO yielded an aver-
age anxiety level of 21.7946.12. Subscale “Learning Math
Anxiety” showed an average score of 8.4542.77, and subscale
“Math Evaluation Anxiety” an average score of 13.4234.15. As
regards the mathematical test performed at T1, the average
score obtained was 16.3746.3. The correlation coefficient
showed an inverse relationship between the score obtained on
the AMAS questionnaire and on the math test (r=—0.386,
p=0.002). This relationship persisted even considering sepa-
rately the two “Learning Math Anxiety” (r=—0.388, p=0.002)
and “Math Evaluation Anxiety” (r=—0.306, p=0.02) compo-
nents of the AMAS questionnaire. In summary, higher levels of
MA at the beginning of the school year were associated with
lower scores on the math test at the end of the year (Figure 1).
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Figure 1. The relationship between perceived anxiety about mathematics and performance on the mathematics test: higher levels of MA at the
beginning of the school year were associated with lower scores on the math test at the end of the year. AMAS, score obtained at the beginning of
the school year on the on the Math Anxiety Assessment Questionnaire; ABCA 14-16, score obtained at the end of the school year on the Italian

battery for the assessment of calculation ability.

Within this framework, students who have or have not ac-
quired the expected math skills and those with high and low
MA were identified. There were 52 (71.23%) students be-
longing to the A-MC subgroup, characterized by a successful
acquisition of mathematics competence (M=19.62+3.73),
while 21 (28.77%) belong to the F-MC subgroup, showing a
failure of acquisition of mathematics competence
(M=8.33+3.77). The disparity in math scores between these
two subgroups was statistically significant (p<0.001). Fur-
thermore, students in the F-MC subgroup showed signifi-
cantly (p<0.001) higher AMAS scores (M=25.1+6.03) than
those in the A-MC subgroup (M=20.46+5.69). In summary,
students who fail to achieve the required mathematical skills
show, already at the beginning of the school year, a signifi-
cantly higher level of MA than their peers who do (Figure 2).
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Regarding the AMAS questionnaire, there were 15
(20.55%) students belonging to the High-MA subgroup
(M=30.33%£1.95), while 14 (19,18%) belonged to the
Low-MA subgroup (M=14+1.11). The disparity in AMAS
scores between these two subgroups was statistically signifi-
cant (p<0.001). None of the Low-MA students were present in
the F-MC subgroup. Conversely, High-MA students are pre-
sent in both the A-MC and F-MC subgroups. A Fisher exact
test indicated a significant difference in the distribution of
High-MA and Low-MA students across the A-MC and F-MC
subgroups (p<0.01). Furthermore, students in the Low-MA
subgroup showed significantly (p<0.001) better math per-
formance (M=20.7143.87) than those in the High-MA sub-
group (M=12.67+7.54). In summary, the students who report
high levels of MA at the beginning of the school year perform
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significantly worse in math tasks at the end of the year than
their Low-MA peers.

AMAS

35
30 T
25
20
15
10

w

A-MC F-MC

Figure 2. Scores obtained at the beginning of the school year on the
Math Anxiety Assessment Questionnaire (AMAS) by students who, at
the end of the year, have acquired (A-MC) or not acquired (F-MC)
the minimum mathematics competence required by the school cur-
riculum: students who fail to achieve the required math skills show a
significantly higher level of MA.

Subgroup analysis of High-MA students revealed that 7 of
them (i.e. 33,33% of 21) belonged to the F-MC subgroup with

a mean math score of 5.57 £2.92. Conversely, 8 students (i.e.
15.38% of 52) were found to belong to the A-MC subgroup,
having achieved the minimum competences required by the
school curriculum (M=18.87+3.06). The difference in math
scores between these two subgroups was statistically signifi-
cant (p<0.001). In other words, some students, despite a high
level of anxiety, still showed adequate mathematical perfor-
mance.

The AMAS score of the High-MA students belonging to the
A-MC subgroup was 29+1, while the students belonging to
the F-MC subgroup obtained an average score of 31.85+1.45.
The comparison shows a significant difference (p<<0.001). The
analysis of the AMAS subscales shows a difference between
these two subgroups (Table 1). Indeed, for the subscale “Math
Evaluation Anxiety”, the mean score was 18+1.22 for the
A-MC students and 18.57+1.99 for the F-MC students. The
difference was not statistically significant (p=0.54). In con-
trast, for the subscale “Learning Math Anxiety”, the average
score was 11+£1.11 for the A-MC students and 13.28+1.98 for
the F-MC students. This difference was statistically signifi-
cant (p<0.02).

Table 1. Abbreviated Math Anxiety Scale (AMAS) scores (mean £+ SD) obtained by students with high levels of Math Anxiety on “Learning Math
Anxiety” subscale and “Math Evaluation Anxiety” subscale: comparison between students with sufficient (A-MC) or insufficient (F-MC)

acquisition of expected math skills.

AMAS Learning Math Anxiety*
A-MC 11 (= 1.11)
F-MC 13.28 (£ 1,98)

*p<0.02

It is also interesting to underline that the score obtained by
the A-MC students in the “Learning Math Anxiety” subscale
is within the average, that is, it is lower than the values (Mean
+ SD = 12) that identify the presence of a high level of anxiety.

These findings suggest the opportunity to examine the two
constituent components of MA separately: a high total score
can in fact be determined by a high score in only one of the
two components.

4. Discussion

The present study is part of a longitudinal investigation
aimed at exploring the potential relationship between MA and
learning mathematics. The evaluation involved students who
were followed in their first year of secondary school. We
consider this stage critical for identifying the risk of mathe-
matical difficulties, as it represents a transitional phase in the
mathematics curriculum, serving as a bridge between stu-

Math Evaluation Anxiety

18 (+ 1.22)
18.57 ( 1.99)

dents' past experiences with math and the development of
future learning strategies [46]. Furthermore, this period coin-
cides with adolescence, a pivotal time in students' lives
characterized by notable emotional and behavioral changes
[47].

Our data agree with the shared notion that high levels of
MA are associated with significantly lower math performance;
however, our attention was paid to the performance of stu-
dents who at the beginning of the year showed a high level of
anxiety. Our findings suggest that some students are both
highly math anxious in math and good achievers. Notably,
high MA does not invariably impair performance, and its
presence does not necessarily prevent the acquisition of the
math skills required by the educational curriculum.

In our opinion, to interpret these conflicting data, we should
keep in mind the multidimensionality of MA [48]. There is no
consensus on the number and type of MA dimensions [49],
but at least two components have been unanimously identified
in international studies: math learning and math testing anxi-
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ety [19, 26, 27, 30, 50]. Based on the data derived from the
sample we examined, it is possible to hypothesize a different
effect on the math performance of the two MA components
examined by the AMAS questionnaire: students who, despite
high MA, manage to achieve the skills required by the school
program, compared to their colleagues who do not succeed,
show the same level of evaluation anxiety but a significantly
lower level of learning anxiety. These High-MA students
seem to be particularly sensitive to the fear of judgment but
show average scores regarding interest in studying mathe-
matics. It can be hypothesized that interest in learning
mathematics can counterbalance the fear of an unwanted
judgment.

In the literature, other data seems to suggest similar con-
clusions [38]. For example, it has been reported that women,
despite showing a higher level of anxiety than men, then ob-
tain equivalent performance [51]. In other words, MA in
women seems not to have repercussions on performance [52].
Furthermore, interest in mathematics has been found to be
more important to students' career decisions than their
knowledge of mathematics, as measured by SAT (Scholastic
Assessment Test) scores [53].

Lyons and Beilock [54] hypothesized that college students
with high anxiety, but good performance, might reinterpret
their state of arousal during testing situations. In one of their
neuroimaging studies, they asked students to complete math
and verbal tasks of similar difficulty. The type of task was
indicated in advance. In this way, the researchers were able to
separate brain activation associated with anticipation from
that associated with the actual execution of mathematical
calculations. It was observed that in the period between the
warning of the upcoming math test and the actual completion
of the problems, students who, despite being anxious, per-
formed the task correctly activated a fronto-parietal network
known to be involved in the control of negative emotions [55].
Furthermore, the greater the activation of this network, the
better the performance. The other students, however, did not
show this activation. The Authors suggested that the activa-
tion of this brain network corresponds to the effort to posi-
tively reevaluate one's physiological arousal before starting
the math task. Students with little interest in math would not
be able to use these processes of positive reevaluation of the
contextual situation to regulate their emotional experience [56,
57]. As a result, negative worries may hinder working
memory, which is known to be essential for solving math
tasks [58-60].

Precisely the type of interpretation of one's current and past
experiences with mathematics may be the key factor in de-
termining the debilitative or facilitative effects of MA on math
performance. In support of this hypothesis, neuroimaging
studies have also documented that MA activates two neural
networks: the pain network involving the insula [12] and the
fear network centered on the amygdala [11, 15]. Interestingly,
activation of the pain network does not correlate with task
performance per se, but rather with its anticipation [61]. Ul-
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timately, MA, if it led to interpreting the task as threatening,
would determine an attitude of renunciation and avoidance in
the face of difficulties and therefore cause increasingly poor
performance [12, 62].

On the contrary, a certain degree of MA could have bene-
ficial effects whether individuals interpret math situations as
positive and challenging. Students who believe that mistakes
are part of the learning process and that good results can be
achieved through commitment to study may consider anxiety
as an inevitable phenomenon when facing difficulties and
consider it positively as a challenge to test and improve their
competence [63]. In other words, it is possible that for some
students it may be better to maintain moderate levels of anx-
iety [38]. On the other hand, according to the well-known
inverted U law of Yerkes & Dodson [64], optimal learning
occurs thanks to an intermediate level of anxiety, while both
too low and too high levels are associated with reduced
learning efficiency. In this regard, Pletzer et al. [65] found the
involvement of basic attentional processes: comparing par-
ticipants with high and with low MA matched for their
mathematical performance, they found stronger deactivation
within the default mode network in Low-MA than in
High-MA, suggesting that a high level of MA reduce the
ability to appropriately activate one's cognitive resources.

The findings from our study indicate that students with high
MA and good proficiency exhibit significantly lower levels of
anxiety in the “Learning Math Anxiety” subscale but not in
the “Math Evaluation Anxiety” subscale. This suggests that
MA manifests itself in all students as apprehension toward the
task at hand and the associated judgment. Conversely, stu-
dents differ in terms of their interest in the study of mathe-
matics, and this difference appears to be reflected in their
ability to acquire new learning.

An important limitation to the results of our analysis comes
from the small sample used. Therefore, our results cannot be
generalized. On the other hand, it must be kept in mind that
our analysis was addressed to individuals who belong to one
extreme of the population distribution, that with a very high
level of MA (i.e. 20.55 % of the sample examined). A second
possible limitation concerns the different types of educational
institutions. In fact, mathematics teaching can vary quantita-
tively and qualitatively depending on the type of school; for
example, Italian students who chose science and technology
courses seem to show significantly lower MA than students
who chose humanities and social sciences courses (31). Fur-
ther studies are therefore needed to evaluate the possible dif-
ferent effects of mathematics teaching on the math perfor-
mance of students who follow different types of study pro-
grams (17). More generally, it should be kept in mind that MA
represents only one of the many factors that can justify poor
performance; for example, the school and family contexts
certainly appear to be very important; these factors, moreover,
interact with each other in complex ways. It therefore appears
difficult to consider MA in isolation and further studies appear
necessary to establish how generalizable our data are.
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However, differentiating the anxiety of a bad grade and the
consequences of a failure from the anxiety due to the diffi-
culty of the task to be faced could have a practical impact on
the development of more targeted remediation approach for
alleviating the discomfort felt towards mathematics.

5. Conclusions

Mathematical skills are considered one of the key compe-
tencies necessary for coping with our daily life activities and
their importance has increased with the development of cur-
rent technology [66]. Furthermore, math achievement
strongly predicts whether students are likely to select — and
succeed in — science, technology, engineering, and mathe-
matical (STEM) fields and this academic choice in turn in-
fluences future career decisions [3, 67, 68]. It is therefore
somewhat surprising to observe a progressive decline in math
skills in both the school and adult populations, as shown by
surveys by international educational institutions [41, 69].

Certainly, numerous mechanisms, which can largely be
categorized into individual, interpersonal, and environmental
factors, have been identified that can reduce math learning.
However, MA proves to be a widespread problem, impacting
children, adolescents and adults worldwide and its negative
influence on math performance has been widely investigated
and acknowledged [70, 71].

The findings of our investigation support the notion that the
presence of MA can significantly contribute to hindering the
acquisition of educational outcomes. However, a high level of
MA does not always lead to the onset of difficulties in learn-
ing mathematics. Specifically, our High-MA students who
achieve the expected math skills at the end of the school year
show a dissociation between the two AMAS subscales, with a
high level on the evaluation anxiety but an average level on
the learning anxiety. This dissociation could suggest the ex-
istence of different subtypes of MA and, consequently, the
need for different approaches to educational intervention [72].
In conclusion, our results suggest that different anxious
components may differently influence the ability to acquire
new competencies: interest in studying mathematics seems to
be a sign of the ability to face and overcome difficulties re-
lated to the fear of the consequences of failure.

This interpretation obviously needs further research to be
confirmed, but we thought it would be interesting to propose it
to stimulate a line of research that has been poorly investi-
gated so far but which seems to have relevant consequences
from a practical point of view, especially with regards to
teaching [73].

Doubtless, many different reasons can generate MA among
the school students, but the role of teachers seems to be vital:
teachers (as well as parents) serve as role models and can
significantly influence how a student approaches the study of
mathematics [74-76]. For example, it has been suggested that
MA does not stem directly from the study of mathematics but
occurs mainly due to the way mathematics is taught and pre-

sented [77-79].

Teachers should therefore consider the importance of their
attitudes and expectations and, in school settings, should
follow both general rules and strategies aimed at the specific
characteristics of individual students.

On the basis of our findings, an additional possibility
available to identify the presence and type of emotional dif-
ficulties associated with the study of mathematics could be
represented by the separate evaluation of the two components
of the MA: indeed, a high total score can in fact be determined
by a high score in only one of the two components and noting
the prevalence of the anxious component towards learning or
towards evaluation should suggest different teaching ap-
proaches. For example, in High-MA students whit low scores
on learning anxiety, reducing evaluation anxiety could lead to
a marked increase in performance.

Therefore, every teacher should first ascertain the presence
and intensity of anxiety; then define the profile of its two com-
ponents, evaluate the concomitance of trait and state anxiety,
identify any other interfering factors and design educational in-
terventions aimed at individual characteristics.

As for learning anxiety, teachers should demonstrate, for
example, that mathematics is essential everywhere in our
daily life activities and is a valuable tool in real life situations,
such as counting change or shopping. Furthermore, they
should dispel stereotypes and misconceptions such as the
myth that mathematical ability is innate and that success de-
pends on talent, regardless of effort [80, 81].

As for evaluation anxiety, instructional approaches should be
designed to address not only the cognitive but also the emotional
challenges associated with studying mathematics [56, 63, 82, 83];
negative experiences in the classroom should always be avoided,
placing less emphasis on the accuracy of the answer and on the
speed of execution and giving more importance to suggesting a
useful way to obtain the desired result.

Furthermore, firstly, teachers should be aware that a large piece
of literature suggests that anxiety can be mitigated, resulting in
significant performance improvements: in this sense, for example,
various relaxation, reappraisal and cognitive-behavioral tech-
niques have been successfully used [14, 84-87].

Research of this kind underscores the need for interventions
to address and manage MA in educational contexts. In any
case, measuring and trying to eliminate MA from the school
context should be a primary goal of good educational practice
[88]. In our opinion, our data may contribute to the existing
knowledge about MA and stimulate much more research on
this issue.
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