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Abstract

Confidence in mathematics is a key factor for academic success, being influenced by
emotional, behavioral, and technological aspects. The integration of digital tools, such as
GeoGebra, has shown potential to promote engagement and develop mathematical skills.
This study investigates how affective and behavioral engagement, confidence in the use of
technology, and the perception of GeoGebra use relate to and contribute to explaining the
confidence in mathematics of future teachers. The sample comprised 54 undergraduate
students in Basic Education from a higher polytechnic institution. Participants engaged
in learning activities involving real functions of a real variable using both traditional
methods and GeoGebra. Data were analyzed using partial least squares structural equation
modeling. The results indicate that behavioral engagement positively influences affective
engagement, which, in turn, enhances confidence in mathematics. Confidence in the use
of technology also has a positive effect on confidence in mathematics. The perception of
GeoGebra use significantly influences behavioral engagement and confidence in the use
of technology, but not affective engagement. These findings highlight the importance of
the critical integration of digital technologies in mathematics education and emphasize
the need to design pedagogical strategies that promote active participation and strengthen
future teachers’ confidence in using technological tools.

Keywords: confidence in mathematics; confidence in using technology; affective engagement;
behavioral engagement; perception of software use

1. Introduction
Information and Communication Technologies (ICT) have become indispensable

resources in modern schools, being used with the aim of enhancing the effectiveness of
the teaching and learning process [1]. Their incorporation into teaching aims to create
educational environments in which students can construct their own knowledge through
visualization and experimentation [2].

In the context of the COVID-19 pandemic, education faced unprecedented challenges
that accelerated the integration of technology into teaching. Liguori and Winkler [3]
highlight that this period fostered a more entrepreneurial pedagogical approach, requiring
a paradigm shift in online education. Tools such as Moodle proved effective in supporting
distance learning, demonstrating satisfactory levels of usability [4]. This scenario reinforces
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the importance of critically and purposefully integrating digital technologies into different
educational contexts, not only in online environments but also in the classroom.

In this context, GeoGebra, as dynamic mathematics software, has stood out as a
powerful tool associated with the promotion of active and meaningful learning in mathe-
matics [5,6]. Despite its recognized potential, Yohannes and Chen [7] found that there is a
limited number of studies on the integration of GeoGebra in mathematics education, which
justifies the relevance of research analyzing the impact of its use on students’ learning
and attitudes.

The way mathematics is taught directly influences students’ learning experiences
and their beliefs about the subject. In this regard, Duque [8] proposes a reconceptualized
approach that harmonizes absolutist and constructivist perspectives, combining the concep-
tual and historical rigor of mathematics with opportunities for active and contextualized
exploration. By providing learning experiences that balance conceptual precision with
freedom of exploration, this type of approach can simultaneously enhance affective and
behavioral engagement, strengthen confidence in mathematics, and foster more positive
attitudes towards the use of digital technologies.

In this study, affective engagement is understood as the emotions, interest, and en-
joyment associated with learning mathematics, while behavioral engagement refers to
students’ active participation in learning tasks, such as persisting in problem-solving,
interacting with peers, and engaging in the proposed activities.

Students’ confidence in mathematics, as well as their affective and behavioral engage-
ment, has been associated with better academic outcomes [9,10]. Moreover, confidence
in using technology is also a key factor for the successful integration of technology in
teaching [11]. Creating tools and digital environments that foster students’ self-regulation
and interest is, therefore, a priority for educational innovation [12].

Recent technological innovations have brought about significant changes in education,
offering creative tools that contribute to improving the quality of learning. According to
Ubaidillah et al. [13], students recognize satisfactory levels of proficiency in the use of
these technologies and especially value ease of use and perceived usefulness, which are
determining factors for their acceptance and use in educational contexts. The authors argue
that educational policies should promote strategies that ensure technological innovations
meet these criteria, thereby effectively supporting students’ academic progress in the
competitive higher education environment.

Beyond their pedagogical role, technology also provides tools for data analysis that
can support more informed and efficient decision-making in educational contexts [14].
Therefore, its critical and well-founded integration is an essential step towards fostering
more meaningful, motivating, and contemporary-aligned mathematics education.

Previous studies highlight that the use of GeoGebra contributes to improving concep-
tual understanding and mathematical problem-solving [6,15]. This tool enables a more
exploratory and interactive form of learning, promoting significantly higher performance
compared to traditional approaches [16].

Students’ attitudes towards mathematics are recognized as a key factor for academic
success, especially when complemented by the use of digital technologies [17]. Thus, under-
standing future teachers’ perceptions of GeoGebra is crucial to supporting teacher training
and the development of innovative pedagogical practices in mathematics education.

Although several of the relationships examined have been previously reported in
the Mathematics Education literature, the contribution of this study lies in the integrated
analysis of these constructs within the specific context of initial teacher education and in
their articulation with perceptions of GeoGebra use. By examining engagement, confidence,
and perceptions of technology use simultaneously within a single structural model, the
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study seeks to provide a more comprehensive understanding of how these factors relate to
one another in a university context. Thus, the study seeks to answer the following research
question: how do affective and behavioral engagement, confidence in the use of technology,
and perceptions of GeoGebra use relate to one another and associate with pre-service
teachers’ confidence in mathematics within the context of initial teacher education? In
this sense, the present study aims to empirically test a structural model that integrates
the relationships between affective and behavioral engagement, confidence in the use
of technology, and perceptions of GeoGebra use, and their association with pre-service
teachers’ confidence in mathematics.

After this introduction, the theoretical framework is presented, followed by the
methodology adopted, the results, and their respective discussion. The article concludes
with the conclusions, highlighting practical implications and suggesting future lines
of research.

2. Literature Review
2.1. Engagement in Mathematics

Academic engagement is widely recognized as an essential factor for student suc-
cess [18]. Creating learning environments that promote active participation, motivation,
interest, and student engagement significantly contributes to better academic outcomes [19].
In the specific case of mathematics, engagement is assumed not only as an instructional
outcome but also plays a mediating role between individual student factors, such as mo-
tivational beliefs, and their academic performance [20]. According to Abate et al. [17],
engagement in mathematics refers to students’ participation in mathematical activities
carried out in the classroom and their commitment to learning the content taught.

Fredricks et al. [21] propose a three-dimensional approach to engagement, considering
the affective, behavioral, and cognitive dimensions. These authors argue that understand-
ing the student experience requires analyzing how they behave, feel, and think, which is
fundamental to developing effective pedagogical interventions. Li and Lerner [22] also
identify a bidirectional relationship between affective and behavioral engagement, indicat-
ing that positive emotions favor active participation, and sustained engagement behaviors
reinforce emotions related to learning.

In the present study, affective engagement is understood as the degree of interest,
pleasure, and positive emotions that future teachers experience when learning mathematics,
while behavioral engagement refers to the frequency and quality of active participation
in tasks, such as solving problems, interacting with peers, and using GeoGebra. These
definitions are based on Fredricks et al. [21] but are applied here specifically to the context
of teaching real functions of a real variable with GeoGebra. Although conceptually distinct,
these dimensions are often considered interdependent in the literature, reflecting different
facets of the same process of academic engagement.

Among the strategies to promote engagement, Everingham et al. [23] highlight:
(i) the creation of an environment that fosters interaction between students and teach-
ers, (ii) the integration of assessment into the teaching and learning process, aligning it with
classroom activities, (iii) the relevance of content to the course objectives and to students’
future professional practice, and (iv) the effective use of technologies. In this last aspect, the
educational software GeoGebra constitutes a relevant example, as it provides opportunities
for the joint exploration and visualization of mathematical concepts, promoting interaction,
collaborative work, and active learning [5,24,25].

When intentionally integrated, technology creates opportunities for active engage-
ment and learning-centered pedagogical practices [26], contributing to the development of
creative and digital skills with a positive impact on student engagement [18]. The literature
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presented indicates a close relationship between participation behaviors and emotions asso-
ciated with learning, which supports the formulation of the following research hypothesis:

Hypothesis 1. Behavioral engagement positively influences the affective engagement of future teachers.

2.2. Confidence in Mathematics

Confidence in mathematics is often understood as a specific aspect of mathematical
ability, being related to an individual’s perception of their own capacity to handle challenges
in this domain [27]. According to Pierce et al. [28], this concept refers to students’ belief
in their aptitude to achieve good results and overcome mathematical difficulties. This
understanding is close to the concept of academic self-efficacy and is often used in the
literature in a related or complementary way to describe students’ perceived competence
in relation to mathematical tasks.

Several factors influence this perception, including students’ attitudes and their af-
fective and behavioral engagement [29]. In this sense, greater involvement in learning
mathematics can contribute to increased confidence and reduced mathematics anxiety [23],
reinforcing the importance of promoting motivating and engaging learning experiences. In
this study, confidence in mathematics is defined as the student’s belief that they have the
ability to understand mathematical concepts, apply procedures, and overcome difficulties,
regardless of prior experiences or the use of technology. This definition is close to the
notion of self-efficacy in mathematics; however, the term “confidence” is adopted here to
maintain consistency with the original scale used and with the reference literature [27,28].
Thus, based on empirical evidence that involvement favors confidence in mathematics, the
following research hypothesis is formulated:

Hypothesis 2. Affective engagement positively influences the confidence in mathematics of
future teachers.

2.3. Confidence in the Use of Technology

The integration of technology in education should be approached critically and strate-
gically. Cloete [30] argues that technology should not be seen merely as a tool, but as a
means capable of shaping culture, thereby requiring careful and contextualized incorpora-
tion into the educational process. In line with this perspective, Duhaney and Zemel [26]
emphasize that digital technologies, in addition to innovating classroom activities, foster
greater interaction between teachers and students, enriching the educational environment
and learning experience.

In this study, confidence in the use of technology is understood as the perception
of self-efficacy in using digital tools, particularly GeoGebra, in exploring and solving
mathematical problems, including the ability to learn new resources autonomously. Thus,
the construct is conceptually close to technological self-efficacy and is operationalized
through the perceived competence in using digital resources in an educational context.

In the context of mathematics, the presence of technology has become inevitable,
assuming a central role in problem-solving and visualizing complex concepts [29]. However,
students’ acceptance of technology depends heavily on their perception of its usefulness
and convenience. As noted by Staddon [31], students tend to critically evaluate the purpose
of a technology before adopting it, and it is crucial that teachers consider aspects such as
competence, design, and pedagogical appropriation when planning its use in face-to-face
or online environments.

The relationship between confidence in mathematics and confidence in technology
has particular characteristics. Uniyal et al. [29] identified a link between these two types
of confidence, although students, in general, feel more confident in the isolated use of
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technology than in its joint application with mathematics. These results suggest that de-
veloping confidence in the use of technology can be a facilitating factor in strengthening
confidence in mathematics, especially if this use is intentionally geared towards mathemat-
ical reasoning. Thus, understanding how confidence in the use of technology can foster
confidence in mathematics is fundamental to the development of effective pedagogical
strategies that integrate digital technologies into teaching. Based on this evidence, the
following hypothesis is formulated:

Hypothesis 3. Confidence in the use of technology positively influences the confidence in mathe-
matics of future teachers.

2.4. Perception of Technology Use

When used effectively, technology should not be treated as a mere accessory but as
a pedagogical tool with the potential to transform teaching and learning. Its integration
should aim to create collaborative and communicative environments, fostering interaction
among students, as well as supporting the resolution of mathematical problems and
conceptual development [32]. To this end, it is essential that such integration is guided by
clear objectives and directly aligned with the curriculum, thereby enriching the educational
experience [26].

In mathematics education, the intentional integration of technology has the capacity to
transform traditional teaching models, bringing them closer to constructivist and student-
centered approaches [33]. This integration has a positive effect on students’ mathematical
performance [32] and contributes to increased confidence in mathematics and student
engagement, decisive factors for better learning outcomes [28,34].

Students’ engagement with software and technological devices involves two distinct
dimensions: a technical one, related to familiarity with and mastery of functions and
commands, and an emotional and motivational one, encompassing confidence and interest
in both mathematics and technology [35]. This distinction helps to understand students’
attitudes toward technology-mediated learning, as also suggested by García-Santillán
et al. [11], when identifying variables such as mathematical confidence, technological
confidence, motivation, and engagement as determinants of attitudes.

Despite the potential of technology, its full integration into the curriculum faces chal-
lenges, whether due to the perceptions of teachers and students [35], or due to contextual
factors, such as family involvement, which can influence differences in student performance
and well-being [36]. In contrast, technological environments have shown a positive impact
on students’ attitudes, promoting greater interest and enjoyment of mathematics [37].

An example of widely recognized technology in mathematics education is GeoGebra,
a software that integrates geometry, algebra, spreadsheets, graphs, statistics, and calculus
into a single dynamic environment [38]. This resource facilitates the visualization and
independent exploration of complex mathematical concepts, promoting active learning [39].

The literature highlights several positive impacts of using GeoGebra in mathemat-
ics education, including significant improvements in students’ performance and motiva-
tion [16,40], greater conceptual learning, and reduced reliance on memorization [41]. The
meta-analysis conducted by Juandi et al. [42] confirmed that the use of GeoGebra has a
greater impact on the development of students’ mathematical skills compared to learning
based on traditional methods. Furthermore, students’ perception of this tool is generally
positive, being associated with feelings of confidence, creativity, and enjoyment, which in
turn reinforces both their engagement and their confidence not only in mathematics but
also in technology [43,44].
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Mathematics future teachers also recognize the educational value of GeoGebra, appre-
ciating its potential to create dynamic, visually rich, and exploratory learning environments
that foster conceptual understanding [45].

In the present study, the perception of technology use is defined as the prospective
teachers’ subjective evaluation of the relevance, ease of use, and potential of GeoGebra to
support the understanding of mathematical concepts, promote collaboration, and enhance
engagement during Algebra and Functions classes. This perception is understood as a
broad construct that integrates cognitive components (usefulness and support for learning),
functional components (ease of use), and affective components (interest and enjoyment),
reflecting students’ overall experience with the use of the software in an educational
context. This definition, aligned with Ran et al. [32] and Tatar and Zengin [45], was
operationalized through adapted items that capture the appreciation of GeoGebra as an
educational resource.

Considering the evidence that the perception of technology use directly influences
student engagement and confidence, the following research hypotheses are formulated,
specifically focused on future teachers:

Hypothesis 4. The perception of GeoGebra use positively influences the affective engagement of
future teachers.

Hypothesis 5. The perception of GeoGebra use positively influences the behavioral engagement of
future teachers.

Hypothesis 6. The perception of GeoGebra use positively influences future teachers’ confidence in
using technology.

Based on the formulated hypotheses, the conceptual model presented in Figure 1 was
developed.

Figure 1. Conceptual model.

3. Materials and Methods
3.1. Population and Sample

The target population of this study consisted of 80 students from two classes of the
Basic Education degree at the Polytechnic Institute of Leiria, who were enrolled in the
curricular unit of Topics in Algebra and Functions. These students were in the first year
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of the program and, at this stage of their initial teacher education, had not yet chosen a
subject specialization, as this decision is made only at the master’s level.

The sample included 54 students, future teachers, who completed the proposed tasks
throughout the semester of the 2022/2023 academic year and who answered the applied
questionnaire. It is important to note that the 80 students correspond to those enrolled in
the course unit, and some level of dropout during the semester is common. Additionally,
the questionnaire was administered at the end of the semester, when the topic of functions
is taught, which coincided with the final class of the course unit. As participation was
voluntary and not all students attended this final session, not all enrolled students took
part in the study.

3.2. Data Collection Instruments

The present study is based on a questionnaire survey that examines mathematical con-
fidence, confidence in the use of technology, affective engagement, behavioral engagement,
perception of using GeoGebra [46] to learn functions, and several individual variables
(age, number of hours per week dedicated to studying for the course unit, whether a
graphic calculator was used in secondary school, and whether any software was used in
mathematics lessons during secondary school).

The constructs of mathematical confidence (comprising 4 items), affective engagement
(comprising 4 items), and behavioral engagement (comprising 4 items) were drawn from
the Attitudes towards Mathematics and Technology scale developed by Pierce et al. [28].
The Confidence in the Use of Technology scale consists of 5 items adapted from the studies
by Chalaune and Subedi [40], Pierce et al. [28], and Shadaan and Leong [24]. The Perception
of Using GeoGebra to Learn Functions scale comprises 13 items, also adapted from the
studies by Chalaune and Subedi [40], Pierce et al. [28], and Shadaan and Leong [24]. In
total, the questionnaire covers 30 items measured on a five-point Likert agreement scale
(1—“strongly disagree” to 5—“strongly agree”). A full description of all questionnaire
items for each construct is provided in the Appendix A.

3.3. Procedures

This study is quantitative in nature and was conducted in three phases. In the first
phase, specifically to study the topic of real functions of a real variable, the classes began
with concepts about the generalities of functions, and for this, the traditional method
was used: theoretical exposition of the subject matter, followed by solving tasks with
feedback on the Moodle platform (version 3.11) using paper and pencil. Subsequently, in
the second phase, the GeoGebra software was used to study linear and quadratic functions,
and the students’ completed tasks with feedback provided via the Moodle platform, this
time using the GeoGebra software. The use of GeoGebra Classic (web-based version)
took place over three 90 min sessions, integrated into the development of the topic of real
functions of a real variable. The proposed tasks were structured in nature and included
graphical representation activities using sliders to explore the behavior of linear and
quadratic functions, as well as tasks applied to real-life contexts. These activities were
guided by worksheets that allowed students to follow defined steps while also encouraging
autonomous exploration of the software’s functionalities. Some tasks were completed and
submitted on the Moodle platform, with automatic and immediate feedback.

In both phases, 80 students from two classes took part, that is, 40 pairs of students. It
should be noted that the composition of the groups remained the same from the beginning
to the end of the study. The organization of work in pairs aimed to promote peer interaction,
the discussion of strategies, and the joint exploration of the proposed tasks. During
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the activities, the teacher assumed a facilitator role, moving around the classroom and
supporting the groups in solving the tasks and using GeoGebra whenever difficulties arose.

In the third phase, at the end of the semester in July 2023, the students were invited
to complete a questionnaire created using Google Forms, with the link shared via the
Moodle platform. Prior to completing the questionnaire, participants were informed of the
study’s objectives, the anonymity and confidentiality of the information provided, and were
assured that the information would be used solely for statistical purposes in the present
study. Participation was voluntary and not associated with any assessment component, and
the responses were provided individually. To reduce potential biases associated with self-
reported data collection, anonymity was ensured and it was emphasized that participation
would have no impact on students’ evaluation.

The database from Google Forms was downloaded to Microsoft Excel. Subsequently,
descriptive, exploratory, and structural equation modelling analyses were performed using
IBM SPSS Statistics 28 [47] and SMARTPLS 4 [48]. To characterize the students, descriptive
statistics techniques were applied, namely frequency counts and selected descriptive
measures. In addition, to assess the participants’ levels of agreement with the items in each
construct, descriptive analysis was conducted using the mean and standard deviation.

The formulated hypotheses, which relate perceptions of GeoGebra use, engagement,
confidence in technology use, and confidence in mathematics, have never been tested
collectively and, therefore, fall within an exploratory context. For this reason, partial least
squares structural equation modelling (PLS-SEM) was chosen, a variance-based method
suitable for assessing the validity and behavior of latent constructs in new or complex
models. PLS-SEM is also recommended when the sample size is relatively small and when
the researcher seeks to maximize the explained variance in the endogenous variables [49].

In evaluating structural equation models using the PLS-SEM approach, it is essential
to verify the quality of the measures before interpreting the structural model, ensuring
that the constructs are reliable, valid, and distinct from one another [49,50]. Following
the recommendations in the literature, the analysis included the assessment of indicator
and construct reliability, convergent and discriminant validity, as well as the evaluation
of collinearity among variables. These steps ensure that the results obtained from the
structural analysis reflect robust and unbiased relationships between the constructs under
study. According to Hair et al. [50], indicator reliability was assessed through factor
loadings, which should ideally be above 0.708, indicating that the construct explains more
than 50% of the indicator’s variance. As stated by the same authors, construct reliability
was evaluated using Cronbach’s alpha and composite reliability (CR), with values above
0.7 considered acceptable. Regarding convergent validity, this was examined using the
Average Variance Extracted (AVE), which should exceed 0.50, indicating that the construct
explains more than 50% of the variance in its indicators.

The analysis of discriminant validity aims to verify whether each construct is empiri-
cally distinct from the others, and it is carried out based on the Fornell–Larcker criterion
and the Heterotrait–Monotrait ratio (HTMT). The Fornell–Larcker criterion establishes that
the square root of the AVE for each construct should be greater than its correlations with
the other constructs, while HTMT values should be below 0.90 for conceptually similar
constructs and below 0.85 for conceptually distinct constructs [49].

To evaluate the structural model, the coefficient of determination (R2) of the indepen-
dent variables was calculated, and the bootstrapping technique with 5000 samples was
applied to determine the t-statistics and the significance of the paths [49]. According to
Cohen [51]), in the field of social and behavioral sciences, the coefficient of determination is
classified as follows: 2% small effect, 13% medium effect, and 26% large effect. To avoid
collinearity issues, VIF (Variance Inflation Factor) values should preferably be below 3 [50].
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Additionally, the effect size (f2) of each exogenous construct on the endogenous
constructs was analyzed, allowing for the assessment of the individual contribution of each
relationship within the structural model. According to Cohen [51], f2 values of 0.02, 0.15,
and 0.35 indicate weak, moderate, and strong effects, respectively.

4. Results and Discussion
4.1. Characterization of the Participants

The sample consisted of 54 students aged between 18 and 29 years, with a mean age
of approximately 21 years (SD = 2.08). On average, participants reported studying around
3 h per week for the course unit (SD = 2.19). Regarding prior experience with technology,
most students (n = 38, 70.4%) stated that they had used a graphing calculator in secondary
school, while only 14.8% (n = 8) reported having used software in mathematics classes at
that level. Although the questionnaire included these sociodemographic and academic
variables, they were not incorporated into the structural model as control variables. In
preliminary exploratory analyses, no statistically significant differences were observed in
the main study variables as a function of these factors. Therefore, the analysis focused on the
relationships between the proposed theoretical constructs, prioritizing model parsimony,
given the exploratory nature of the study and the relatively small sample size.

4.2. Measurement Model Evaluation

In Table 1, it can be observed that the individual reliability of the indicators is con-
sidered adequate, as the factor loadings of the retained items are statistically significant
(p < 0.001) and exceed 0.708 [50], with the lowest value being 0.793 (item CT5). Regarding
construct reliability, both Cronbach’s alpha and Composite Reliability (CR) values are above
0.7, which, according to Hair et al. [50], is considered satisfactory. Concerning convergent
validity, the Average Variance Extracted (AVE) values are above 0.5, as recommended
by Hair et al. [49]. These results indicate that a substantial portion of the variance of the
indicators is explained by the latent constructs.

According to the Fornell-Larcker criterion, all values of the square root of the AVE
(values in bold in Table 2) are greater than the correlations between the constructs [49], in-
dicating that the evaluated constructs are distinct concepts and are adequately represented
in the measurement model. The HTMT matrix revealed high values between affective
engagement and behavioral engagement (0.952), exceeding the recommended threshold of
0.90 [49,52], which constitutes an indicator of a strong association between these dimen-
sions. This result suggests a marked conceptual proximity between affective and behavioral
engagement, which is consistent with the literature that conceptualizes engagement as a
multidimensional construct whose dimensions are strongly interrelated. This overlap can
be explained by the conceptual proximity between the affective and behavioral dimensions
of engagement, which are often treated as interdependent facets of the same construct in
educational studies [21], reflected in the high correlation between the indicators of both.
Even so, the two dimensions were retained as distinct constructs in the model, as they
represent theoretically differentiated components of engagement and have often been
analyzed separately in the literature. Moreover, the dimensions showed different patterns
of relationships with the remaining constructs in the structural model, supporting their
analytical usefulness as conceptually related, but not redundant, variables.
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Table 1. Estimation of the Measurement Model Parameters.

Construct Items M SD Loadings α CR AVE

Affective
engagement

AE1 3.69 1.08 0.882

0.936 0.937 0.840
AE2 3.57 1.03 0.928
AE3 3.72 1.04 0.932
AE4 3.38 1.11 0.924

Behavioral
engagement

BE1 3.66 1.15 0.829

0.905 0.908 0.780
BE2 3.83 0.98 0.929
BE3 3.78 1.08 0.935
BE4 3.88 1.09 0.835

Mathematics
confidence

MC1 3.00 1.09 0.909

0.953 0.953 0.876
MC2 3.12 1.03 0.950
MC3 3.12 0.99 0.938
MC4 2.88 1.20 0.947

Confidence in
using technology

CT1 3.55 0.99 0.851

0.898 0.906 0.709
CT2 3.67 0.98 0.829
CT3 2.76 1.06 0.869
CT4 3.29 1.01 0.866
CT5 3.91 1.11 0.793

Perception of
using GeoGebra
(PG)

PG1 3.66 1.28 0.936

0.980 0.981 0.808

PG2 3.59 1.21 0.917
PG3 3.81 1.13 0.939
PG4 3.79 1.06 0.944
PG5 3.95 1.05 0.906
PG6 3.60 1.26 0.922
PG7 3.28 1.17 0.876
PG8 3.53 1.23 0.923
PG9 4.14 0.98 0.849
PG10 4.12 0.97 0.849
PG11 3.55 1.08 0.881
PG12 3.79 1.06 0.876
PG13 3.90 1.02 0.856

Note: M—Mean; SD—Standard Deviation; α—Cronbach’s alpha; CR—Composite Reliability; AVE—Average
Variance Extracted. All factor loadings are statistically significant (p < 0.001).

Table 2. Discriminant validity.

Fornell-Larcker Criterion HTMT Matrix

AE BE MC CT PG AE BE MC CT PG

AE 0.917
BE 0.876 0.883 0.952
MC 0.750 0.644 0.936 0.792 0.690
CT 0.642 0.662 0.668 0.842 0.679 0.702 0.711
PG 0.765 0.790 0.664 0.789 0.899 0.793 0.833 0.686 0.817

Note: AE—Affective engagement, BE—Behavioral engagement, MC—Mathematics confidence, CT—Confidence
in using technology and PG—Perception of using GeoGebra. The values in bold in the table represent the square
root of the AVE.

4.3. Structural Model Assessment

The structural model represented in Figure 2 showed coefficient of determination val-
ues of 0.621 for the construct of confidence in mathematics, 0.622 for confidence in the use
of technology, 0.625 for behavioral involvement, and 0.782 for affective involvement, indi-
cating a substantial level of explanation according to Cohen [51]. Thus, the model presents
explanatory values that can be considered high for the endogenous constructs analyzed.
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Figure 2. Estimation of the structural model parameters. Note: *** p < 0.001, * p < 0.05.

The magnitude of the individual effects was also assessed through the f2 effect size.
The results indicate very large effects in the relationships PG → BE (f2 = 1.664) and PG → CT
(f2 = 1.646), as well as a large effect in the relationship BE → AE (f2 = 0.903). A moderate
effect was observed in the relationship AE → MC (f2 = 0.464), a smaller effect in CT → MC
(f2 = 0.156), and a weak effect in PG → AE (f2 = 0.063), according to Cohen’s [51] criteria.

The 95% bootstrap confidence intervals were also analysed to assess the precision of
the path coefficient estimates. It was found that, for the statistically significant relationships,
the intervals do not include zero, reinforcing the robustness of the results. In contrast,
for the PG → EA relationship, the interval includes zero, confirming the lack of sufficient
statistical evidence to support this hypothesis.

In Table 3, the analysis of VIF values showed that they are below 3, as recommended
by Hair et al. [50], indicating no collinearity issues. Regarding the hypotheses, behav-
ioral engagement is positively associated with the affective engagement of future teachers
(β = 0.725, 95% CI [0.481, 0.904], t = 6.727, p < 0.001), providing empirical support for
Hypothesis 1. This finding is consistent with previous studies highlighting the interrela-
tionship between the affective and behavioral dimensions of engagement, suggesting that
positive emotions foster greater participation and that sustained participation reinforces
emotions associated with learning [22].

Table 3. Structural model analysis results.

Path Coefficient t a VIF Decision

H1: BE → AE 0.725 6.727 *** 2.664 Empirically supported
H2: AE → MC 0.547 4.168 *** 1.702 Empirically supported
H3: CT → MC 0.317 2.517 * 1.702 Empirically supported
H4: PG → AE 0.192 1.685 2.664 Not empirically supported
H5: PG → BE 0.790 12.186 *** 1.000 Empirically supported
H6: PG → CT 0.789 12.540 *** 1.000 Empirically supported

Note: AE—Affective engagement, BE—behavioral engagement, MC—Mathematics confidence, CT—Confidence
in using technology and PG—Perception of using GeoGebra. *** p < 0.001, * p < 0.05. a The t-value was obtained
using the bootstrapping procedure (5000 samples).

The results provide sufficient statistical evidence to support Hypothesis 2, that is, af-
fective engagement is positively associated with future teachers’ confidence in mathematics
(β = 0.547, 95% CI [0.289, 0.804], t = 4.168, p < 0.001). This result is consistent with previous
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studies that highlight the importance of positive emotions and emotional engagement in
mathematics confidence [29]. Indeed, higher affective engagement has been associated
with increased confidence and reduced mathematics anxiety [23], suggesting the relevance
of learning environments that promote motivating and emotionally positive experiences to
the development of students’ confidence in mathematics.

Confidence in the use of technology is positively associated with confidence in mathe-
matics (β = 0.317, 95% CI [0.064, 0.553], t = 2.517, p < 0.05), providing support for Hypothesis
3. This finding corroborates evidence reported by authors who identified a relationship
between these two types of confidence [29].

The results do not provide sufficient statistical evidence to support Hypothesis 4;
that is, no statistically significant association was observed between the perceived use of
GeoGebra and the affective engagement of future teachers (β = 0.192, 95% CI [−0.007, 0.440],
t = 1.685, p > 0.05). This result contrasts with previous studies highlighting the positive
impact of technological environments on students’ attitudes and emotions, fostering greater
interest and enjoyment in mathematics [37]. A possible explanation may lie in the fact that
affective engagement could be more dependent on prolonged and diverse experiences with
technology, which may not manifest immediately in an experimental usage context.

Perceived use of GeoGebra software is positively associated with behavioral engage-
ment (β = 0.789, 95% CI [0.648, 0.898], t = 12.186, p < 0.001), providing support for Hypothe-
sis 5. This finding is consistent with the literature indicating that the effective integration of
technology in mathematics teaching can transform the traditional classroom model, making
it more interactive and student-centered [33], as well as promoting active learning and
autonomy in the exploration of concepts [39].

Finally, the results provide sufficient statistical evidence to support Hypothesis 6, that
is, there is sufficient statistical evidence to state that perceived use of the GeoGebra software
is positively associated with future teachers’ confidence in the use of technology (β = 0.789,
95% CI [0.652, 0.894], t = 12.540, p < 0.001). This finding is consistent with previous
studies linking the use of digital tools in mathematics teaching to increased technological
confidence [43,44].

5. Conclusions
The present study seeks to highlight the importance of integrating technological tools

into the teaching and learning process in a critical and well-founded manner. The results
suggest that the integration of technological tools may be associated with higher levels of
students’ emotional and behavioral engagement, as well as higher levels of confidence in
mathematics and in the use of digital technologies.

The empirical results provide support for the hypothesis that behavioral engagement
is positively associated with affective engagement, reinforcing the idea that active and
continuous participation in learning activities may be related to the development of pos-
itive attitudes toward mathematics. It was also found that confidence in mathematics is
positively associated with confidence in the use of technology, indicating that learning
environments that integrate digital tools may contribute to the development of students’
self-confidence in both domains.

Despite some findings, such as the absence of a statistically significant relationship
between perceived use of GeoGebra and affective engagement, the study highlights the im-
portance of reflecting on the design and implementation of pedagogical strategies that can
promote positive and diversified experiences with digital technologies. The results of the
structural model suggest that factors such as affective engagement, behavioral engagement,
and confidence are associated, and may play a relevant role in the preparation of future
teachers who are more confident and better equipped to use technological resources.
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In summary, the study contributes to understanding how perceptions and the use
of technologies, particularly GeoGebra, may be associated with the engagement and con-
fidence of future mathematics teachers. These conclusions suggest the importance of
integrating pedagogical experiences with digital technologies in initial teacher educa-
tion, creating opportunities for future teachers to simultaneously develop engagement,
confidence, and familiarity with tools such as GeoGebra, thereby contributing to more
motivating and meaningful mathematics teaching practices in training contexts.

One limitation of the study is the relatively small sample size, composed of 54 students
from a bachelor’s degree in Basic Education at a polytechnic institution, which limits the
generalizability of the results to other courses or educational contexts. Additionally, the
use of self-report data and cross-sectional design recommends caution in interpreting the
results, particularly regarding possible causal relationships. The focus on learning real
functions of a real variable and the combination of traditional methods with the use of
GeoGebra may also have influenced the observed effects.

Future research may explore different contexts, educational content, and intervention
durations to deepen the understanding of the influence of GeoGebra on the engagement
and confidence of future teachers. Studies with larger and more diverse samples may also
include sociodemographic and academic variables as control variables, allowing for a more
detailed analysis of the possible impact of these factors on the relationships between the
constructs studied. In this sense, the results presented offer relevant insights into the design
of training experiences in initial teacher education programs, particularly regarding the
pedagogical integration of digital technologies in mathematics teaching.
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Appendix A

Table A1. Questionnaire dimensions and items.

Affective Engagement

AE1. I am interested in learning new things in mathematics.
AE2. I feel rewarded for my effort in mathematics.
AE3. Learning mathematics is enjoyable.
AE4. I feel a sense of satisfaction when I solve mathematical problems.
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Table A1. Cont.

Behavioural engagement

BE1. I concentrate a lot on mathematics.
BE2. I try to answer the questions the teacher asks.
BE3. If I make mistakes, I work until I correct them.
BE4. If I cannot solve a problem, I keep trying in different ways.

Mathematics confidence

MC1. I have a mathematical mindset.
MC2. I am able to achieve good results in mathematics.
MC3. I am able to cope with difficulties in mathematics.
MC4. I am confident in mathematics.

Confidence in using technology

CT1. I am good at using computers.
CT2. I am good at using games, MP3, MP4, and Android/Apple devices.
CT3. I can solve many computer-related problems.
CT4. I learn quickly to work with new computer programs required for school.
CT5. In the future, when I become a teacher, I intend to use software to enhance my
students’ learning.

Perception of using GeoGebra

PG1. I like learning mathematics using GeoGebra software.
PG2. Mathematics is more interesting when using GeoGebra software.
PG3. GeoGebra helps me understand functions more easily.
PG4. GeoGebra allows for the dynamic exploration of the properties of functions.
PG5. GeoGebra makes it very easy to read and interpret graphs.
PG6. I feel confident solving function problems using GeoGebra.
PG7. I feel confident solving real-life problems using GeoGebra.
PG8. I enjoy studying mathematics using GeoGebra software.
PG9. The teacher plays a facilitating role when difficulties arise in using GeoGebra.
PG10. I feel that there is teacher–student interaction when carrying out activities
using GeoGebra.
PG11. GeoGebra helps me participate in classroom discussions.
PG12. I feel that there is interaction among classmates when solving activities
using GeoGebra.
PG13. I intend to use GeoGebra with my future students.
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