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ABSTRACT

Mathematics anxiety represents a significant affective barrier in learning mathematics and may
influence both students’ academic performance and their future teaching practice. In teacher
education, its reduction is particularly important because negative attitudes toward mathe-
matics may later be transferred to pupils. This study examines the relationship between the
perceived pedagogical value (PPV) of an artificial intelligence (AI) assistant and the perceived
reduction of mathematics anxiety and explores the mechanism through which Al-supported
learning influences students’ affective experience. The study was conducted among students
in a primary teacher education program within a course focused on the didactics of arithmetic.
Two forms of Al support were implemented: an interactive Al assistant, the Didactic-Arithmetic
Coach (DAK), and Al-generated thematic podcasts. Data were analyzed using exploratory factor
analysis, correlation, regression, and mediation analysis. The results indicate that the perceived
reduction of mathematics anxiety is strongly associated with the academic support provided
by the Al assistant, with situational stress reduction acting as a mediating mechanism.

KEYWORDS
mathematics anxiety, artificial intelligence (AI) in education, teacher education, self-efficacy,
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1  INTRODUCTION

Mathematics anxiety represents a significant affective factor influencing the
learning of mathematics across all levels of education [1], [2]. It is a complex con-
struct associated with decreased performance, avoidance behavior, and increased
cognitive load during the solving of mathematical problems [3], [4].

In the preparation of future teachers, mathematics anxiety has particular signif-
icance because it can be transmitted to pupils and influence their attitudes toward
mathematics [5]. At the same time, it is associated with lower pedagogical self-
confidence and a reduced willingness to work with more demanding tasks [6], [7].
Motivational factors, values, and attitudes constitute an important component of the
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professional profile of future teachers and co-shape their pedagogical decision-making
and their relationship to the curriculum, as well as the emotional experience of pro-
fessional situations [8]. Therefore, reducing mathematics anxiety in teacher educa-
tion is crucial not only from the perspective of individual learning but also from the
perspective of the quality of future mathematics instruction.

In recent years, digital technologies, including artificial intelligence (AD), have begun
to be integrated into this context, enabling the provision of individualized learning sup-
port. Al-supported tools can create an environment with lower evaluative pressure, pro-
vide immediate feedback, and allow repeated attempts at solutions, which are factors
that may contribute to the reduction of anxiety during learning [9]. At the same time, it
has been shown that the perception of control and competence supported by adaptive
technologies plays an important role in the regulation of academic emotions [10].

These mechanisms are particularly relevant in teacher education, where learners
differ substantially in their technological readiness and digital competence. As digital
technologies shape their learning strategies and expectations, questionnaire-based
assessment of preparedness, attitudes toward technological tools, and prior expe-
rience is an appropriate methodological approach [11], [12] when implementing
Al-supported educational interventions.

Despite the growing interest in the use of Al in education, research on its impact
on mathematics anxiety among future teachers remains limited. Studies examining
the mechanisms through which technological support influences the emotional expe-
rience of teaching and learning mathematics in teacher education are still lacking.

The present study is the result of research focused on the integration of Al into
the mathematical preparation of future primary education teachers. In a previous
study conducted by the authors with the same population of students, key predictors
of the adoption of Al in learning were identified, particularly openness toward Al,
perceived Al skills, and attitudes toward podcasts as a learning tool [13].

Based on these empirical foundations, an intervention was designed within the
course Primary Mathematics Education—Arithmetic, employing two author-developed
forms of Al support: an interactive Al assistant—the Didactic-Arithmetic Coach (DAK)—
and supplementary thematic podcasts generated using Al. This context makes it pos-
sible to examine whether technologically mediated learning support can contribute
to the reduction of mathematics anxiety and what mechanisms mediate this process.

The aim of the study is to examine the relationship between the perceived ped-
agogical value (PPV) of Al tools and the reduction of mathematics anxiety, as well
as to identify the mechanism through which Al-supported learning influences the
emotional experience of learning mathematics.

2  THEORETICAL BACKGROUND AND CONCEPTUALIZATION
OF THE EXAMINED CONSTRUCTS

2.1 Theoretical foundations of AI-supported design in the context
of mathematics anxiety

Mathematics anxiety is defined as a set of negative emotional reactions, partic-
ularly tension, stress, and worry, that are activated when manipulating numbers
or solving mathematical problems [14]. Research has long pointed to its negative
impact on working memory, performance, and avoidance behavior [3], [4]. In the
case of future primary education teachers, this phenomenon has increased signifi-
cance because their own uncertainty may indirectly shape pupils’ attitudes toward
mathematics and influence their pedagogical decision-making [5].
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Theoretical models of mathematics anxiety emphasize the importance of the
perception of control over problem-solving, clarity of procedures, the possibility
of working safely with errors, and the strengthening of self-confidence (more pre-
cisely, self-efficacy). The reduction of anxiety is therefore often associated with an
increased sense of task mastery (mastery experience), which Bandura identifies as
one of the key sources of self-efficacy [15].

The design of technological support in the present study is based on empirical
findings from previous research conducted by the authors with the same population
of students, which identified key factors influencing the adoption of artificial intel-
ligence in the context of the mathematical preparation of future teachers. Openness
toward Al, perceived Al skills, and attitudes toward podcasts as a learning support
emerged as significant predictors [13]. At the same time, the results of that study
indicated that the mere acceptance of technology is not sufficient for its pedagogical
effectiveness; rather, the decisive role is played by the way in which the technology
is didactically integrated, especially the extent to which it supports understanding
of the subject matter, active student engagement, and the sense of mastering learn-
ing tasks. Similarly, Papadakis emphasizes that the pedagogical value of Al lies not
primarily in the technology itself but in how it is integrated into instructional design
and how it supports personalized learning and active student engagement [16], [17].
In a broader context of preparing future mathematics teachers, emerging evidence
suggests that generative Al available through mobile devices can have real didactic
potential, provided that it is thoughtfully integrated into university teaching and
accompanied by critical reflection on its limitations [18].

Building on these insights, the need emerged to design technological support
in a way that provides a clear structure for problem-solving, enables the gradual
mastery of tasks, and at the same time reduces the stress associated with learning.
This perspective is further supported by evidence showing that more intensive use
of ChatGPT was associated with lower academic stress among university students,
suggesting that Al can function in learning not only as a source of information but
also as a supportive tool for coping with workload [19]. These implications became
the direct basis for the design of the intervention implemented in the present study.

Within the course Primary Mathematics Education—Arithmetic, a specialized
author-developed Al assistant—the DAK—was implemented. It was designed to
guide students step by step through the process of solving problems using targeted
hints and to provide only such a level of support that preserves their active cognitive
engagement. In parallel, students were provided with thematic podcasts created using
Al technologies. These podcasts had a supplementary role and were intended primar-
ily to reinforce the subject matter, support students with an auditory learning style, and
reduce stress associated with the course. The Al assistant was technically implemented
as a Custom GPT, while the podcasts were generated from original materials in the
NotebookLM environment. A more detailed description of the concept of these tools
and their implementation in teacher education is presented in a previous article [20].

Since the concept of the DAK Al assistant is based on guiding students through
problem-solving using step-by-step instructions, it is conceptually close to the princi-
ple of scaffolding, specifically sequential scaffolding. Scaffolding represents a form of
learning support that allows students to solve tasks slightly above their current level
of independent competence and gradually assume control over the solution pro-
cess. In the scholarly literature, this approach is described as an effective means of
supporting mathematical thinking, reflection, and student autonomy [22], [23], [24].

In the case of DAK, however, this does not represent a strictly methodological
implementation of scaffolding but rather a conceptual alignment in the provision
of targeted and gradually reduced hints as a form of purposeful learning support.
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Technological support designed in this way creates an environment in which
students gain experiences of task mastery, which has the potential to increase their
self-efficacy while simultaneously strengthening their perception of control over the
problem-solving process.

Self-efficacy refers to an individual’s belief in their ability to successfully accomplish
a specific task and plays an important role in the regulation of motivation, persistence,
and emotional responses during the learning process [15], [25]. In the context of
mathematics education, higher levels of self-efficacy are consistently associated with
lower levels of mathematics anxiety, higher engagement, and a greater willingness
to work with more demanding tasks [26], [27]. One of the most important sources
of self-efficacy is the mastery experience, which arises in situations where a student
perceives gradual progress and feels a sense of control over the solution process [15].

A supportive environment based on the gradual guidance of problem-solving
may therefore contribute to the reduction of mathematics anxiety indirectly, through
the strengthening of self-efficacy and the perception of competence. In the literature,
this mechanism is described as an important link between cognitive learning sup-
port and students’ emotional responses, as higher self-efficacy mitigates anticipatory
stress and promotes adaptive problem-solving strategies [28].

In the context of technology-supported learning, the effect of Al tools can be
explained through two complementary mechanisms. The cognitive mechanism lies
in providing structured support for problem-solving, for example, through scaf-
folding, adaptive feedback, and the decomposition of tasks into smaller steps. The
affective mechanism is related to the creation of a less evaluative environment that
reduces the fear of making mistakes and allows repeated attempts at solutions with-
out immediate evaluative pressure. This is also consistent with more recent findings
from iJIM, according to which effective self-directed learning among future mathe-
matics teachers is closely associated with positive perceptions of formative support
and intrinsic motivation, while these factors can be further enhanced by Al tools
and digital platforms [21].

In the present study, these mechanisms were operationalized through two forms
of Al support—the interactive Al assistant DAK and Al-generated podcasts—while it
is assumed that these forms may operate through different mechanisms in reducing
mathematics anxiety:.

The present study examines the extent to which the perceived reduction of math-
ematics anxiety is associated with the PPV of Al tools and whether this relationship
differs depending on the type of support (interactive Al assistant vs. podcasts). The
starting assumption is that the reduction of anxiety may not be primarily a conse-
quence of technological innovation itself, but rather a consequence of an increased
sense of mastery of the subject matter, clarity of explanations, and structured
guidance in the problem-solving process.

The objectives of the research are:

1. to psychometrically validate an index of mathematics anxiety reduction in the
context of Al-supported learning,

2. to examine whether the reduction of mathematics anxiety consists of distinct
cognitive and affective dimensions,

3. to analyze the relationships between anxiety reduction and the perceived aca-
demic and didactic value of the Al assistant, and

4. to identify a potential mechanism through which Al-supported learning influ-
ences the affective aspects of learning mathematics.
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The study thus contributes to the discussion of whether, and in what way, Al
in teacher education can contribute not only to improving the understanding of
mathematics but also to reducing the negative emotional barriers associated with
learning it.

2.2 Construction and psychometric validation of constructs

The aim of this study was not only to measure students’ attitudes and experiences
but also to construct psychometrically validated indices representing stable and the-
oretically coherent constructs. This section therefore presents the procedure used
for constructing the individual indices, their conceptual grounding, and the results
of reliability and factor structure validation.

Reduction of mathematics anxiety due to AI (ANX_MATH_RED)

Conceptualization of the construct. The construct ANX_MATH_RED was devel-
oped to capture the degree of perceived reduction in mathematics anxiety in
the context of using Al tools during the semester. Theoretically, it assumes that
anxiety reduction may be mediated by two distinct yet potentially complementary
mechanisms:

1. Cognitive mastery of the subject matter through interactive support (DAK)
2. Emotional stabilization and comfortable preparation (podcasts)

The first mechanism involves cognitive mastery of the subject matter through inter-
active support provided by the DAK, which offers step-by-step explanations, enables
safe experimentation with solutions, and reduces the fear of making mistakes. The
second mechanism involves emotional stabilization and comfortable preparation,
represented by Al-generated podcasts, which allow students to review the subject
matter in a less stressful environment and without immediate evaluative pressure.

The construct also included a global item reflecting the overall perceived impact
of Al tools on mathematics-related stress, ensuring that a broader subjective evalu-
ation was captured.

Operationalization. The ANX_MATH_RED index was operationalized through six
items rated on a 5-point Likert scale (1 = not at all, 5 = strongly agree). Reduction of
stress associated with the use of DAK was measured by the following items:

e 14 2 —reduction of stress related to mathematics,

e 14 3 —reduced fear of making mistakes when solving problems, and

e 14_12 — overall reduction of stress related to the arithmetic course during the
semester.

Reduction of stress associated with podcasts was captured by the items:

e 15 2 —reduction of stress related to arithmetic, and
e 15 5-reduced stress related to tests and examinations.

The global impact of Al was represented by the item:
e 16 9 - Mathematics was less stressful thanks to Al tools.

The index was calculated as the arithmetic mean of the respective items.
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Internal consistency — reliability. The reliability of the global index reached
Cronbach’s e = 0.870, indicating high internal consistency and item homogeneity.
The corrected item-—total correlations ranged from 0.507 to 0.733, with all items
exceeding the recommended threshold of 0.30. This indicates that each item contrib-
utes substantially to the measurement of the common construct.

From a psychometric perspective, ANX_MATH_RED can therefore be considered
a stable and reliable indicator of the perceived reduction of mathematics anxiety.

Factor analysis and validation of the latent structure of the construct. Although
a high value of Cronbach’s alpha indicates internal consistency among the items,
it does not answer the question of whether all items measure a single homogeneous
construct or whether multiple latent dimensions underlie them. For this reason, an
exploratory factor analysis (EFA) was conducted to examine the internal structure of
the construct representing the reduction of mathematics anxiety.

Factor analysis is used to identify latent (indirectly measurable) variables that
explain the correlations among questionnaire items. In the context of this study,
it was important to verify whether the reduction of mathematics anxiety represents
the following:

e asingle global phenomenon, or
e amultidimensional construct differentiated by the type of Al support.

For factor extraction, the Principal Axis Factoring (PAF) method was used. This
method is suitable when latent psychological constructs are assumed and does not
require strict normality of the data. Since a correlation between the dimensions of
stress reduction could theoretically be expected (e.g., between the effects of DAK
and podcasts), an oblique Oblimin rotation was applied, allowing correlations
between factors.

Before factor extraction, the suitability of the data for factor analysis was assessed.

e The Kaiser-Meyer—Olkin (KMO) index reached a value of 0.780, indicating a good
degree of interrelatedness among the items. Values above 0.70 are considered
adequate for factor analysis.

e Bartlett’s test of sphericity was statistically significant (p < 0.001), indicating
that the correlation matrix differs significantly from an identity matrix and that
sufficiently strong correlations exist among the items.

These results confirm that the items are not randomly independent and that it is
appropriate to search for common latent factors.

The analysis identified two factors (refer to Table 1), which together explained
70.7% of the total variance in responses, representing a high proportion of explained
variance in educational research. The first factor can be interpreted as stress
reduction mediated by interactive Al support (ANX_DAK), while the second factor
represents emotional stabilization through podcasts (ANX_POD).

Table 1. Factor structure

Factor Construct Items
Factor 1 Stress reduction through DAK (ANX_DAK) 14.2,14.3,14_12
Factor 2 Stress reduction through podcasts (ANX_POD) 152,155
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The global item 16_9 (“mathematics was less stressful thanks to Al tools”) showed
moderate loadings on both factors, which is substantively logical since it reflects the
overall effect without distinguishing between specific forms of support.

Significance of factor analysis for the interpretation of results. The implementa-
tion of factor analysis was crucial for three reasons:

1. Verification of construct validity—it confirmed that the items cluster according
to the theoretically assumed mechanisms (interactive vs. podcast-based support).

2. Identification of subscales—it enabled the creation of two separate dimensions
(ANX_DAK and ANX_POD), which can be analyzed independently.

3. Theoretical differentiation of Al impact mechanisms—it demonstrated that the
reduction of anxiety is not a single “technological effect,” but rather consists of
both cognitive and affective components (refer to Table 2).

Table 2. Reliability of the stress reduction subscales

Index Items Cronbach’s o
ANX_DAK 14 2,14 3,14 12 0.821
ANX_POD 152,155 0.915

From a methodological perspective, the factor analysis therefore served not
merely as a technical procedure but as a tool for gaining a deeper understanding
of how different forms of Al-supported learning influence the affective aspects of
learning mathematics.

PPV of the AI Assistant

Conceptualization of the construct. The construct PPV was developed to cap-
ture the extent to which students perceive the DAK Al assistant as a pedagogically
valuable tool in the context of their own learning of arithmetic and their future
teaching practice.

Theoretically, the construct was conceptualized as two-dimensional. It was
assumed that the perceived value of Al may have the following:

1. an academic dimension, oriented toward supporting the understanding of the
subject matter and mastery of mathematical tasks—PPV_DAK_ACAD (academic
learning support),

2. a didactic dimension, oriented toward supporting pedagogical confidence and
the ability to explain mathematics to pupils—PPV_DAK_DID_IMPACT (didactic
impact).

This distinction assumes that Al may influence two different levels: the level
of personal academic mastery and the level of the future professional identity of
the teacher.

Academic dimension. The PPV_DAK_ACAD dimension included items focusing on
the academic benefits of the AT assistant, specifically:

e 9_1 - Dbetter understanding of arithmetic content,

e 9 3 -step-by-step guidance in solving mathematical problems,
e 9_4 - assistance with calculating examples,
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e 9_5-support in preparing for tests,
e 9_6 - support for reviewing and consolidating the subject matter, and
e 16_10 - overall improved learning of arithmetic through AL

The items were rated on a 5-point Likert scale, and the index was calculated as
the arithmetic mean of the items.

The internal consistency of the scale (reliability) reached Cronbach’s « = 0.90.
Such a high value indicates very strong item homogeneity and suggests that stu-
dents responded consistently across the different aspects of academic support. The
corrected item-total correlations exceeded the recommended threshold of 0.40,
confirming that all items contribute substantially to the common construct.

From a psychometric perspective, this represents a very strong scale with a high
level of internal reliability.

An EFA identified one dominant factor with high factor loadings for all items. The
absence of significant cross-loadings supports the interpretation that the academic
support provided by the Al assistant represents a single and consistent dimension of
perceived pedagogical benefit.

This means that academic support is perceived by students as a unified and
coherent phenomenon, encompassing understanding of the subject matter, guid-
ance in problem-solving, and preparation for assessment as interconnected aspects
of a single dimension.

The results suggest that students do not perceive the individual functions of the Al
assistant in isolation. Step-by-step guidance, explanation of the subject matter, and
support for test preparation form part of a single integrated perception of academic
support. This dimension therefore represents a stable and clearly defined construct
that is methodologically robust and theoretically justified.

Didactic dimension. The PPV_DAK_DID_IMPACT dimension focused on the peda-
gogical extension of using the Al assistant. It included items reflecting the following:

e 9 2 —better understanding of how to explain mathematics to pupils, and
e 9 7 -supportin creating didactic activities and lesson preparations.

This dimension captures the transition from personal learning to future teaching
practice. After reducing the scale to two conceptually coherent items, the reliability
reached Cronbach’s .= 0.611. Although this value is lower than that of the academic
support dimension, it is methodologically acceptable given:

¢ the small number of items (Cronbach’s alpha is sensitive to the number of items),
¢ the clear conceptual unity of the construct, and
¢ the conceptual specificity of the dimension.

Table 3. Reliability of the PPV dimensions

Index Construct Items Cronbach’s o
PPV _DAK ACAD Academic learning 91,93,94095, 0.9
support 9.6,16_10
PPV_DAK_DID_IMPACT | Didactic impact 9297 0.611

For two-item scales, a value above 0.60 (refer to Table 3) is generally consid-
ered acceptable in educational research. The items clustered into a separate factor
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distinct from academic support, confirming that students differentiate between the
following:

e their own understanding of mathematics, and
e their pedagogical confidence in explaining it.

The didactic impact therefore represents a specific and conceptually distinct
dimension. The Al assistant is thus not perceived solely as a tool for learning mathe-
matics but also as a support for future teaching practice. However, this dimension is
not as homogeneous as academic support, which may reflect the complexity of the
pedagogical identity of future teachers.

Evaluation of construct quality. The psychometric analysis of the constructed
indices confirmed their methodological adequacy and theoretical justification.

The following findings were obtained:

e high internal consistency of the global index of anxiety reduction
(ANX_MATH_RED),

e a clear two-factor structure of the stress-related construct (ANX _DAK
and ANX_POD),

e a very strong and homogeneous construct of academic support (PPV_DAK_
ACAD), and

e a separate, theoretically grounded dimension of didactic impact
(PPV_DAK DID_IMPACT).

These results support the assumption that interactive Al support operates
primarily through the mechanism of academic mastery of the subject matter,
whereas podcasts tend to have a more emotional and stabilizing function. At the
same time, the findings indicate that pedagogical confidence represents a distinct,
although related, dimension of the perceived value of the Al assistant.

From a methodological perspective, it can therefore be concluded that the
constructed constructs:

¢ demonstrate sufficient internal reliability,

e exhibit a clear factor structure,

e are not redundant, and

o allow for a differentiated analysis of the mechanisms of Al impact.

The constructs PPV_DAK_ACAD and ANX_MATH_RED exhibit the strongest psy-
chometric properties, providing a solid foundation for subsequent correlation,
regression, and mediation analyses.

3  METHODOLOGY
3.1 Research design

The present study has a quantitative, exploratory—explanatory character. Its aim
was to examine the relationship between the PPV of a specialized Al assistant (DAK)
and the reduction of mathematics anxiety among students of primary teacher educa-
tion. The research design assumes that affective variables (particularly anxiety reduc-
tion) may be influenced by the perceived quality of academic and didactic support.
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The research was conducted as a post-test questionnaire survey following the
completion of the course Primary Mathematics Education—Arithmetic. Within this
course, two forms of Al support were systematically implemented:

e The interactive Al assistant DAK, providing step-by-step explanations and
feedback, and

e Thematic podcasts generated using Al technologies, intended for reinforcement
of the subject matter and preparation for assessment.

The design was non-experimental (it did not include a control group), but it
allowed for the analysis of relationships between perceptual and affective constructs
within a natural educational environment. Consequently, the study focuses on stu-
dents’ perceived reduction of mathematics anxiety during learning, rather than on
an experimentally verified change measured in a pre-post design.

3.2 Research sample

The research population consisted of students enrolled in the Primary Teacher
Education study program. A total of 152 students were enrolled in the course. The
questionnaire was completed by 90 respondents, representing a response rate of
approximately 60%. Of these, 84 respondents reported actively using the DAK Al
assistant during the semester.

The analyses were conducted on a subsample of students who declared actual
use of Al tools (N ~ 84 — 86, depending on the number of missing responses for indi-
vidual items). The sample selection can be characterized as convenience sampling,
since the research was conducted within a specific course and institution.

Although this sampling methodlimits the generalizability of the results, it allows for
a detailed analysis of students’ experiences within an authentic pedagogical context.

3.3 Data collection and data processing

Data were collected through an anonymous online questionnaire distributed
after the end of the semester. The questionnaire focused on capturing students’
subjective evaluations of:

¢ the perceived reduction of mathematics anxiety,
e the PPV of the Al assistant, and
o their experience with using DAK and podcasts.

The questionnaire included:

e items rated on a 5-point Likert scale,
e dichotomous items (0/1), and
e nominal questions concerning the ways in which Al tools were used.

The self-report nature of the instrument made it possible to capture students’
subjective perceptions, which are essential when investigating affective constructs
such as mathematics anxiety.

Statistical data analysis was conducted using IBM SPSS. The data processing pro-
cedure included the construction of indices and the selection of appropriate statistical
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methods in accordance with the research objectives. During the preparation of the
manuscript, generative Al (ChatGPT, OpenAl) was occasionally used as a supportive
consultation tool for discussing possible analytical approaches and for improving
the clarity of the methodological description. All methodological decisions, analyses,
and interpretations were made exclusively by the authors.

3.4 Ethical aspects

The study was conducted in accordance with ethical standards for research
involving human participants. Ethical approval was granted by the Ethics Committee
of the Catholic University of Ruzomberok (Decision No. 9/2025, ref. CZ 03986/2025
RE; approved on 10 October 2025).

Participants were fully informed about the purpose of the study, the voluntary
nature of their participation, and the anonymous processing of their responses.
Informed consent was obtained from all participants—the questionnaire included
a statement informing participants that by completing the questionnaire, they
consented to the processing of their responses for research purposes.

No personally identifiable data were collected.

3.5 Operationalization of variables

The operationalization was based on the theoretical conceptualization presented
in Section 2. The following indices were constructed:

Reduction of mathematics anxiety. The construct of mathematics anxiety reduc-
tion was operationalized using six Likert-scale items capturing a decrease in stress:

e asa result of using the interactive Al assistant DAK,
e as a result of using podcasts, and
e a global evaluation of the impact of Al tools on mathematics-related stress.

Based on the results of the factor analysis, three indices were created:

e ANX_MATH_RED - global index of mathematics anxiety reduction,
e ANX_DAK - reduction of stress mediated by the interactive Al assistant, and
e ANX_POD - reduction of stress mediated by podcasts.

The indices were calculated as the arithmetic mean of the respective items.
PPV of the Al assistant. The PPV construct was divided into two dimensions:

e PPV_DAK_ACAD - academic learning support (understanding of the subject
matter, step-by-step guidance, preparation for assessment, and consolidation of
learning), and

e PPV_DAK_DID_IMPACT - didactic impact (support for explaining mathematics to
pupils and for designing didactic activities).

These indices were also calculated as the arithmetic mean of the corresponding
items. The variables constructed in this way made it possible to test the assumed rela-
tionships between the perceived quality of Al-supported learning and the reduction
of mathematics anxiety.
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3.6 Analytical procedure

The analysis was conducted in several consecutive steps.

Descriptive analysis. First, basic descriptive statistics (means and standard devia-
tions) were calculated to provide an overview of the distribution of responses.

Psychometric validation of constructs. To assess the reliability and validity of the
constructed indices, the following methods were used:

e Cronbach’s alpha coefficient to evaluate internal consistency,
e EFA (PAF with Oblimin rotation) to verify the latent structure of the constructs.

This step made it possible to identify separate dimensions of anxiety reduction
and the PPV of the Al assistant.

Correlation analysis. Relationships between the ANX and PPV indices were ana-
lyzed using the Pearson correlation coefficient. The aim was to examine the strength
and direction of associations between the perceived academic and didactic support
and the reduction of mathematics anxiety.

Regression and mediation analysis. To test the predictive relationship and
the potential mechanism of the effect of Al support, a linear regression analysis
was conducted, followed by a mediation model (PPV_DAK_ACAD — ANX_DAK —
ANX_MATH_RED).

3.7 Methodological limitations

The results should be interpreted in the context of several methodological
limitations:

e Theresearchisbased on self-reportdata, which maylead to social desirability bias.

e The sample originates from a single institution and one study program.

e The design is correlational and therefore does not allow for drawing unambigu-
ous causal conclusions.

Despite these limitations, the study provides valuable empirical insight into the
relationship between Al-supported learning and the affective aspects of learning
mathematics in the context of future teacher education.

4  RESULTS
4.1 Research hypotheses

Based on the theoretical framework and the psychometric validation of the con-
structs, the following research hypotheses were formulated:

H1: The perceived academic support of the Al assistant (PPV_DAK_ACAD) is
positively associated with the global reduction of mathematics anxiety
(ANX_MATH_RED).

H2: The perceived didactic impact of the Al assistant (PPV_DAK_DID_IMPACT)
is positively associated with the reduction of mathematics anxiety, but to a
lesser extent than academic support.
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H3: The reduction of anxiety mediated by the interactive Al assistant (ANX_DAK)
shows stronger associations with PPV indices than the reduction of anxiety
mediated by podcasts (ANX_POD).

H4: The academic support of the Al assistant (PPV_DAK_ACAD) represents a sig-
nificant predictor of mathematics anxiety reduction even after controlling
for didactic impact.

These hypotheses reflect the assumption that the effect of Al on affective vari-
ables is not random but is mediated by the perceived quality of academic support.
4.2 Correlation analysis

The relationships between the indices were analyzed using the Pearson correla-
tion coefficient (refer to Table 4).

Table 4. Correlations between ANX and PPV indices

Academic Support Didactic Impact
(PPV_DAK_ACAD) (PPV_DAK_DID_IMPACT)
Strgss reduction due to the Al | Pearson Correl. 0.723 0.536
assistant DAK (ANX_DAK) Sig, (2-tailed) 0 0
Stress reduction due to Pearson Correl. 0.463 0.313
podcasts (ANX_POD) Sig. (2-tailed) 0 0.004
Perceived reduction of Pearson Correl. 0.723 0.518

Interpretation of correlations. The results clearly support Hypothesis H1. The
academic support of the Al assistant shows a strong positive correlation with the
global reduction of mathematics anxiety (r = 0.723). This relationship can be inter-
preted as a high level of interconnectedness between the sense of mastery of the
subject matter and the reduction of stress.

Hypothesis H2 is also supported. Although the didactic impact is significantly
associated with the overall reduction of anxiety (r = 0.518), the correlation is sys-
tematically weaker than that observed for academic support. This suggests that
the development of pedagogical confidence plays a role, but it is not the primary
mechanism of stress reduction.

Hypothesis H3 is confirmed. ANX_DAK shows stronger correlations with the PPV
indices (r = 0.723 and 0.536) than ANX_POD (r = 0.463 and 0.313). The reduction
of stress mediated by the interactive Al assistant therefore exhibits substantially
stronger associations with the PPV indices than podcast-based support. This finding
supports the assumption that interactive, step-by-step feedback has a more robust
affective impact than a passive form of support.

4.3 Regression analysis
To verify the predictive strength of the individual dimensions of the PPV of the Al

assistant, a linear regression analysis was conducted. While the correlation analysis
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allowed the identification of the strength and direction of relationships between
variables, regression analysis makes it possible to determine to what extent these
variables explain the variability in the reduction of mathematics anxiety.

The aim of this analysis was to determine whether:

e academic support (PPV_DAK_ACAD)
e didactic impact (PPV_DAK_DID_IMPACT)

represent significant predictors of the global reduction of mathematics anxiety
(ANX_MATH_RED), and which of these predictors has the dominant effect.

The regression model was tested using the enter method (simultaneous inclusion
of predictors), with ANX_MATH_RED defined as the dependent variable.

Model results. The regression model (see Table 5) was statistically significant
(p < 0.001) and explained approximately 52% of the variance in mathematics anxi-
ety reduction (R? = 0.52).

Table 5. Standardized regression coefficients

Predictor B D R
PPV_DAK_ACAD 0.61 <0.001 0.52
PPV_DAK DID_IMPACT 0.18 0.041 0.56

Note: Bold value indicates the strongest standardized regression coefficient in the model.

Interpretation of the regression model. The results confirm Hypothesis H4.
Academic support remains the dominant predictor of the reduction of mathematics
anxiety even after controlling for didactic impact. The standardized coefficient
B=0.61 indicates a strong effect.

The didactic impact is statistically significant, but its effect is substantially weaker
(B = 0.18). This difference should also be interpreted in the context of the psycho-
metric properties of the scales. The didactic impact dimension was measured using
a two-item scale with lower internal reliability (Cronbach’s o= 0.611), which may
naturally limit its predictive strength in comparison with the more robust academic
support dimension. This suggests that the reduction of anxiety is primarily associated
with the subjective sense of mastering the subject matter, rather than solely with the
development of pedagogical identity. At the same time, the statistical significance of
the didactic dimension despite its lower reliability suggests that the observed rela-
tionship may represent a conservative estimate of its actual effect.

The results suggest the following interpreted mechanism:

e The Al assistant provides structured, step-by-step explanations.

e The student may experience a stronger sense of understanding and control over
the problem-solving process.

e This experience may strengthen the perceived mastery of the subject matter.

e The strengthened sense of mastery is associated with a reported reduction of
mathematics anxiety:.

Although podcasts also reduce stress, their effect is weaker and less closely asso-
ciated with the perception of academic support. They likely operate more through
emotional comfort than through cognitive mastery.
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4.4 Extended regression model

Assumption testing. To examine the relative contribution of the individual
dimensions of the PPV of the Al assistant, a hierarchical regression analysis was sub-
sequently conducted. This procedure allows predictors to be entered into the model
step by step and makes it possible to observe the additional explained variance con-
tributed by each predictor.

In the first step, the dominant theoretical predictor—academic support (PPV_
DAK_ACAD)—was entered into the model. In the second step, didactic impact
(PPV_DAK_DID_IMPACT) was added in order to determine whether this dimension
explains an additional portion of the variance in mathematics anxiety reduction
beyond academic support.

Before conducting the regression analysis, the basic assumptions of the linear
model were verified (linearity, normality of residuals, homoscedasticity, and multi-
collinearity), ensuring the methodological robustness of the results.

Linearity of the relationship—the scatterplot indicated a linear trend between
PPV_DAK_ACAD and ANX_MATH_RED.

e Normality of residuals — the histogram and P-P plot indicated approximate
normality.

e Homoscedasticity — the variance of residuals was evenly distributed.

e Multicollinearity — VIF < 2 for both predictors, indicating low collinearity.

The model can therefore be considered methodologically stable.

Interpretation. Even after including didactic impact, academic support remains
the dominant predictor. The didactic impact adds a small but statistically significant
amount of additional explained variance.

4.5 Mediation: mechanism of Al impact

Correlation and regression analyses indicated a strong association between the
perceived academic support and the reduction of mathematics anxiety. From a the-
oretical perspective, however, it is not sufficient to establish the existence of a rela-
tionship; it is also necessary to examine its possible underlying mechanism.

Based on the mastery-based model of anxiety reduction, a mediation model was
therefore tested. The model assumes that the effect of perceived academic support
(PPV_DAK_ACAD) on the global reduction of mathematics anxiety (ANX_MATH_RED)
is mediated by the reduction of stress when working with the interactive Al assistant
(ANX_DAK).

e PPV_DAK_ACAD — ANX_DAK
B=0.72, p < 0.001

e ANX_DAK — ANX_MATH_RED
B=0.83, p<0.001

o Direct effect: PPV_DAK_ACAD — ANX_MATH_RED

The coefficient B decreased after including the mediator (partial mediation).

In other words, it is assumed that Al support first reduces stress during the solv-
ing of specific tasks, and this effect subsequently translates into a global decrease in
mathematics anxiety.
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The mediation was tested using a series of linear regressions and a bootstrap pro-
cedure (5000 replications), which allows for a more reliable estimation of the indi-
rect effect without assuming normal distribution. Based on the theoretical model,
the following mediation relationship was tested:

PPV_DAK ACAD — ANX_DAK — ANX_MATH_RED

The indirect effect was statistically significant (the 95% confidence interval did
not include zero).

Interpretation of mediation. The results of the mediation analysis suggest that
the effect of the AI assistant on the reduction of mathematics anxiety cannot be
interpreted as a direct “technological effect.” The mere presence of an Al tool does
not automatically lead to a reduction in stress. Instead, the reduction of mathematics
anxiety is mediated by a specific mechanism that can be interpreted as a process of
gradually strengthening academic mastery.

The analysis showed that the perception of academic support (PPV_DAK_ACAD)
first significantly increases the reduction of stress when solving specific tasks with
the support of the interactive assistant (ANX_DAK). This decrease in situational
stress is then reflected in the global reduction of mathematics anxiety (ANX_MATH_
RED). After including the mediator, the direct effect of academic support decreased,
confirming the presence of partial mediation.

The reduction of stress therefore occurs through the following sequence:

e an increase in the perception of academic support,
e a subsequent reduction of stress during problem-solving (ANX_DAK),
¢ a global reduction of mathematics anxiety.

The mechanism of Al impact can therefore be interpreted as primarily cognitive
(mastery-based), grounded in the growth of a sense of mastery (mastery experience).
The reduction of anxiety is not the result of emotional support alone but rather a
consequence of an increased sense of control, understanding, and confidence when
solving mathematical problems.

4.6 Summary of results

The empirical analysis yielded consistent and theoretically coherent findings.
The reduction of mathematics anxiety is strongly and significantly associated with
the perceived academic value of the Al assistant. The interactive form of support
DAK shows systematically stronger associations with stress reduction than podcasts,
indicating different mechanisms of influence for the two forms of Al support.

Regression models confirmed that academic support is the dominant predictor of
anxiety reduction, while didactic impact plays a secondary, complementary role. The
mediation analysis further indicated that the effect of Al operates through the reduc-
tion of situational stress during problem-solving, which subsequently influences the
global level of mathematics anxiety.

The tested model (see Figure 1) can therefore be interpreted as a path model
describing the relationships between the perception of academic support and the
reduction of mathematics anxiety, with situational stress reduction acting as a medi-
ating mechanism. Although the analysis was conducted using regression procedures
and composite indices, the conceptual structure of the model is similar to models
commonly examined within the framework of structural equation modeling.
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The results confirm that:

e the reduction of mathematics anxiety is significantly associated with the per-
ceived academic value of the Al assistant,

e interactive Al support shows a stronger relationship with stress reduction than
podcasts, and

e academic support is the dominant predictor of anxiety reduction.

These findings support the theoretical assumption that Al tools in the preparation
of future teachers influence the affective aspects of learning primarily through the
mechanism of increased mastery of the subject matter. The reduction of anxiety
thus results from the strengthening of academic control and self-confidence, rather
than merely from the emotional comfort provided by technology.

ANX_DAK

B=072 B=0.83

B=061

PPV_DAK_ACAD

v

ANX_MATH_RED

B=018

PPV_DAK_DID_IMPACT

Fig. 1. Path analysis diagram of the relationships between perceived academic support of Al
and reduction of mathematics anxiety

5  DISCUSSION AND CONCLUSION
5.1 Interpretation of the main findings

The aim of the study was to examine to what extent the reduction of mathematics
anxiety among future primary education teachers is associated with the PPV of an Al
assistant and through what mechanism this relationship operates. The results of the
empirical analysis confirmed that the perceived reduction of mathematics anxiety is
systematically associated with the perception of academic support provided by Al

The strongest predictor of anxiety reduction was the academic dimension of the
perceived value of the DAK Al assistant (PPV_DAK_ACAD). Students who perceived
Al as a tool supporting understanding of the subject matter, step-by-step guidance
in problem-solving and preparation for assessment simultaneously reported a
more pronounced reduction of stress. This relationship was confirmed not only in
the correlation analysis, but also in the regression and mediation models.

The didactic impact (PPV_DAK_DID_IMPACT) was also related to anxiety
reduction; however, its effect was weaker and secondary. This suggests that the
primary mechanism of anxiety reduction is linked to personal academic mastery of
the subject matter rather than to the development of pedagogical identity.
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At the same time, it was confirmed that interactive Al support DAK shows a stron-
ger relationship with stress reduction than podcasts. Podcasts likely fulfill a sup-
plementary stabilizing function, whereas the interactive assistant operates through
active cognitive engagement.

5.2 Theoretical implications

The findings support the mastery-based model of mathematics anxiety reduc-
tion, according to which the decrease in anxiety results from an increased sense
of control and understanding during problem-solving, which can be schematically
expressed as:

Perceived academic support — Increased mastery — Reduced anxiety

The results are consistent with Albert Bandura’s self-efficacy theory, according
to which the experience of mastering tasks (mastery experience) represents a key
source of confidence and regulation of stress during learning [15], [25]. An Al assis-
tant that provides structured and step-by-step explanations likely increases the
perception of control over problem-solving, thereby indirectly reducing anxiety.
A similar mechanism has also been identified in research on mathematics anxiety,
which shows that a supportive learning environment that reduces cognitive load
and strengthens the perception of competence leads to lower levels of stress during
problem solving [3], [28].

The study also highlights the need to differentiate between different types of
Al-supported learning. An interactive, dialogic form of support has a different affec-
tive impact than passively consumed content, as active engagement and immediate
feedback are associated with a higher perception of academic support and lower
levels of anxiety [29], [30]. This differentiation has both methodological and theo-
retical significance, as it demonstrates that the effect of Al should not be understood
as a homogeneous phenomenon but rather as the result of specific pedagogical
mechanisms.

Conceptually, the findings can be interpreted within the framework of structural
equation modeling, where the perception of academic support influences mathemat-
ics anxiety both directly and indirectly—through the reduction of situational stress.
Such an approach is frequently used in educational research to examine complex
relationships between affective and cognitive variables and allows the identification
of mediating mechanisms of learning [31], [32].

5.3 Practical implications for teacher education

From a practical perspective, the findings have several important implications.

First, the implementation of Al tools in the preparation of future teachers should
not primarily focus on generating ready-made solutions but rather on supporting
procedural understanding. Key elements include step-by-step guidance, explanation
of procedures, and the possibility to work safely with errors.

Second, the reduction of mathematics anxiety is closely linked to the sense of
mastery of the subject matter. Al tools may function as a support mechanism for
building academic confidence, which is particularly important in the context of
teacher education, where future teachers will themselves teach mathematics.
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Third, podcasts can be considered a suitable complement to interactive support.
They may contribute to emotional comfort, reinforcement of the subject matter, and
flexibility of preparation, but they do not by themselves replace interactive cognitive
scaffolding, which can be provided by an appropriately designed Al assistant (such as
the author-developed DAK assistant).

Fourth, the integration of Al into teacher education should be didactically
grounded. Technological innovation without a clear pedagogical framework does
not necessarily lead to the reduction of affective barriers in learning mathematics.

5.4 Limitations of the study
The results should be interpreted in the context of several limitations.

1. Although the number of active users included in the analyses (N ~ 84 — 86) is rel-
atively modest for advanced statistical procedures, the data met the assumptions
for factor analysis (KMO = 0.780; Bartlett’s test p < 0.001), and the resulting factor
structure explained 70.7% of the variance with satisfactory reliability of the
indices. Nevertheless, future studies should verify the model on larger samples.

2. The data are based on self-report responses. Although this is an appropriate
approach when measuring affective constructs, the influence of social desirabil-
ity bias or subjective interpretation of items cannot be excluded.

3. The design is correlational. Although the mediation model suggests a possible
mechanism, causality cannot be definitively established. The findings should
therefore be interpreted as associations between perceived academic support
and perceived reductions in anxiety, rather than as experimentally verified
causal effects.

4. The study was conducted within a single institution and national context (teacher
education in Slovakia), which may limit the transferability of the findings to other
educational systems. However, the identified mechanism — the link between per-
ceived academic support, mastery experiences, and anxiety reduction — is theo-
retically based on widely established frameworks (e.g., self-efficacy theory and
models of mathematics anxiety). Therefore, it is likely that the underlying mech-
anism can be generalized to other educational contexts, although its strength and
manifestation may vary depending on cultural, institutional, and technological
conditions.

5. The model worked with composite indices rather than fully latent SEM models,
which would explicitly account for measurement error.

5.5 Recommendations for future research
Future research should focus on:

e longitudinal monitoring of the development of mathematics anxiety during
teacher education,

e experimental verification of the effects of Al support using a control group,

¢ linking anxiety reduction with objective mathematical performance,

e analyzing the interaction between anxiety reduction and pedagogical self-
confidence, and

e testing a full latent structural equation model (SEM) on a larger sample.
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Another promising direction is to examine whether the reduction of anxiety
among future teachers subsequently influences their teaching behavior and pupils’
attitudes toward mathematics.

5.6 Final evaluation

The present study provides empirical evidence that a specialized Al assistant
implemented in teacher education is associated with a perceived reduction of
mathematics anxiety through the mechanism of increased academic mastery of the
subject matter.

The reduction of anxiety was found to be systematically associated with the per-
ception of academic support, while interactive Al support demonstrated a stronger
affective impact than passive forms of support. The mechanism of this effect can be
interpreted as a process of strengthening control, understanding, and self-confidence.

The findings suggest that Al in the preparation of future teachers can play not
only a cognitive but also a significant affective role. When implemented with careful
instructional design, it may contribute to reducing emotional barriers associated
with learning mathematics, thereby indirectly supporting the quality of future ped-
agogical practice.
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