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Abstract: This study examines the effectiveness of in-service training programs aimed at enhancing
teachers' knowledge and self-efficacy in the context of Learning Disabilities in Mathematics (LD).
Despite the increasing use of both interactive online learning and face-to-face training methods in
professional development, limited research has compared their relative effectiveness in this specific
field. Furthermore, existing studies have not adequately addressed whether improvements in
teachers' knowledge and self-efficacy are sustained over time. To address this gap, the present study
employs a quasi-experimental design with two experimental groups. The sample consists of 80
classroom teachers, with 40 participants in the interactive online learning education group and 40 in
the face-to-face education group. The training program consists of 16 hours of instruction over four
weeks. Data were collected using a demographic questionnaire and the Mathematics Learning
Disability Area Teacher Self-Efficacy Scale, and statistical analyses were conducted. Findings indicate
that, prior to the intervention, teachers in the interactive online learning education group exhibited
significantly higher levels of knowledge and self-efficacy. However, post-intervention results
revealed no statistically significant differences between the two groups. Cohen’s d analysis indicated
a moderate effect size for interactive online learning education before the intervention, which
diminished to a small effect size afterward. These findings suggest that both training modalities
effectively improve teachers’ knowledge and self-efficacy, yet neither demonstrates a clear long-term
advantage. The study underscores the need for further research to determine optimal strategies for
sustaining professional development in this domain.

Keywords: Interactive online learning; mathematics learning disability; teacher education; self-
efficacy; face-to-face education

1. Introduction

Smart Learning Environments involve the instructor's modeling of content, forms, and
techniques of the educational process in alignment with established objectives through the use of
innovation. Smart Learning Environments employ various teaching technologies, including
interactive online learning, virtual and augmented reality systems, mobile learning, gamification,
artificial intelligence (Al), credit-modular systems, student-centered learning, blended-learning and
others [34].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Online learning with interactive components, such as branching situations, online quizzes,
interactive multimedia, interactive videos, and virtual reality simulations, is known as interactive e-
learning. Any kind of online training, including corporate learning programs and compliance
training, may be transformed into interactive e-learning with the correct tactics in place. As an
illustration, we used gamification to develop an interactive online course in which students answered
questions while playing a virtual game. This improved knowledge retention and kept participants
interested [35].

The integration of intelligent learning technologies in educational environments has attracted
attention to their potential to improve learning experiences and results, particularly for students
within special education. LU, XIE and LIU [36] articulate that smart classrooms can significantly
influence students’ situational commitment, postulating that students' perceptions about their
learning environment and intrinsic motivations play crucial roles in their educational experiences.
The implications of this commitment are particularly outstanding in special education environments,
where personalized approaches are essential to maximizing learning results

El-Sabagh [37] emphasizes that such environments can improve students' participation,
particularly for students with special needs. This adaptability not only encourages commitment but
also supports the development of critical self-regulation skills for effective learning. In special
education, where individualized instruction is essential, intelligent learning technologies provide
opportunities to customize learning experience to meet unique needs. Wang et al. [38] expand this
idea, investigating the interaction between teachers' beliefs, the quality of the class process and
student participation in intelligent learning environments. Their findings suggest that teachers'
perceptions significantly affect the learning climate, thus influencing the levels of student
participation. This relationship is particularly pronounced in special education contexts, where
teachers must take advantage of technology effectively to create an inclusive and support
atmosphere.

Cheng and Lai [39] carry out an exhaustive review of special education studies backed by
technology, revealing that several technological interventions have been beneficial to facilitate
learning for students with special needs. Its analysis indicates that technology can close gaps in
communication, provide visual supports and allow interactive learning experiences, thus improving
educational results. Such findings emphasize the transformative potential of intelligent learning
technologies when they are carefully implemented in special education environments. Yakin and
Linden [40] argue that the customization capabilities of these platforms lead to greater commitment
and better academic results. This evidence supports the notion that adaptive learning technologies
can serve as powerful tools to raise educational experiences for students with various learning
requirements, particularly in specialized contexts.

The self-regulated learning concept in smart learning environments is critically examined by
Gambo and Shakir [41], who argue that these environments promote autonomy and self-directed
learning. For students in special education, promoting self-regulation can be a challenge, but it is
essential to develop independent learning skills. Smart learning technologies provide scaffolding that
guide students to monitor their progress and adjust their strategies, ultimately improving their
learning results

Mathematics, beyond being a basic academic discipline, offers a critical area for students to
develop higher-order cognitive skills, problem-solving strategies, reasoning abilities, and analytical
thinking capacities [1]. However, not all students develop their mathematical skills equally, and at
the same pace. This issue becomes particularly evident in the context of Mathematics Learning
Disability (MLD), a condition characterized by significant and persistent difficulties in number
perception, arithmetic operations, numerical reasoning, and problem-solving [2].

Mathematics Learning Disability (dyscalculia), although not as widely recognized as dyslexia,
is increasingly gaining attention in educational and cognitive science research. Mathematics Learning
Disability (MLD) can cause difficulties not only in students’ numerical operations but also in daily
life skills, time management, spatial relationships, and higher-level problem-solving processes [3]. In
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addition to having a negative impact on students” overall academic success, this situation can also
lead to negative attitudes towards mathematics and STEM (Science, Technology, Engineering, and
Mathematics) fields in the long term and limit their career choices [2].

Although it is difficult to obtain clear and precise data on the prevalence of mathematics learning
disabilities in society, the rates of this disorder vary from country to country. The main reasons for
the variability in these rates are the differences in the sample selection used to define mathematics
learning disabilities and the measurement tools used in the diagnosis process [4]. According to
research, approximately 5% of the general student population and 47% of children evaluated among
individuals with special education needs are diagnosed with mathematics learning disabilities.
However, this rate varies between 3% and 14% in various sources, and it is reported that the number
of students with mathematics learning disabilities may be much higher than the stated rates [5].
Incorrect diagnosis processes are shown as one of the reasons for these differences. In particular, the
use of inappropriate assessment tools or different interpretations of diagnostic criteria may contribute
to the high prevalence rates [6]. However, the complexity of the cognitive mechanisms underlying
this disorder, the wide range of variability among individuals, and the lack of widespread
individualized education plans reveal the need to develop a more comprehensive and standardized
assessment framework on this subject.

Mathematics learning disability is a condition that can occur from early childhood and is usually
encountered first by classroom teachers [7]. Therefore, the primary school period is of critical
importance for early diagnosis of mathematics learning disability and for these students to benefit
from effective educational interventions. For instance, Silverman [8] emphasizes that the diagnosis of
amathematics learning disability in primary school creates more positive effects on both the cognitive
and social development of the student. In this process, the attitudes of classroom teachers towards
mathematics, their level of awareness of mathematics learning disability, their competence in
identifying students at risk, and their skills in preparing appropriate individualized educational
environments for these students are very important in terms of supporting students' mathematical
academic success as well as their social and emotional development. Early recognition of a student
with a mathematics learning disability, diagnosis of their strengths and weaknesses, and the creation
of an educational plan accordingly can significantly reduce the risk of the student's negative
experiences in mathematics spreading to the rest of their academic life. Effective evidence-based
interventions can increase the student's interest and motivation in mathematics and school; this
situation can contribute to the student finding a place for himself in social and economic life in the
future. In this context, enhancing the knowledge and awareness of classroom teachers regarding
mathematics learning difficulties is crucial not only for the individual development of students but
also for fostering broader societal benefits [9].

The education system is largely dependent on the qualifications of teachers in terms of
identifying students with MLD at an early age, developing appropriate intervention strategies, and
implementing individualized education plans. At this point, teachers' level of knowledge about MLD
stands out as a determining factor in understanding students' difficulties, selecting appropriate
teaching materials, and making the necessary adaptations. However, the literature reports that many
teachers have limited knowledge about MLD, which makes it difficult to implement effective
interventions [10].

On the other hand, not only the knowledge level of teachers in this regard but also their self-
efficacy beliefs are important factors to consider. Self-efficacy refers to a person's subjective belief in
their capacity to perform a certain task [11]. When it comes to teachers, self-efficacy is a critical source
of motivation in the areas of classroom management, implementing differentiated teaching strategies,
supporting students with special needs, and trying new teaching methods [12]. Teachers with high
self-efficacy levels are more resilient when faced with difficulties, seek effective solutions, apply
innovative teaching materials, and are more successful in adapting to students' differences [13]. In
this regard, there is a significant need to raise awareness about students with mathematics learning
disabilities and to enhance both the knowledge and self-efficacy of teachers. In recent years, various
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in-service training programs, professional development workshops, and online training courses have
been developed to meet this need [14]. The widespread use of interactive online learning
technologies, especially during the COVID-19 pandemic, has accelerated the transfer of teacher
education programs to online platforms.

Face-to-face and interactive online learning programs may have different effects on teachers.
Face-to-face education offers participants direct interaction, immediate feedback, and application-
oriented learning opportunities; while interactive online learning provides flexibility in space and
time, diversity of resources, interactive communication, instant message, and the opportunity to
reach a wider audience [15]. However, the question of which model increases teachers” knowledge
and self-efficacy levels in MLD more effectively has not yet been clarified.

The literature takes into account various variables when evaluating the effectiveness of in-
service training programs. These variables include teachers' educational status, length of professional
experience, age, previous in-service training in special education, and educational background in
learning disabilities. For instance, in a study conducted by Kagar [16], it was determined that
vocational high school teachers' level of knowledge about learning disabilities showed significant
differences according to their branches, the presence of students receiving inclusive education in their
classes, and their previous participation in in-service training on special education. This finding
shows that the effectiveness of in-service training programs may vary depending on the professional
and personal characteristics of teachers. In addition, teachers who have previously received training
in the field of special education may initially have an advantage in recognizing and intervening in
students with MLD. Such teachers may benefit from the training programs offered, especially in
terms of strategy development, material design, or integration of new technological tools [17]. On the
other hand, teachers who have not received any special education or Vocational Education and
Training Kakar before may need to be given basic conceptual information first.

Training teachers in MLD is essential to the success of inclusive education policies. International
organizations and educational policies emphasize the importance of providing inclusive and
equitable learning environments that address the diverse learning needs of all students [18]. Teachers
who understand the academic, cognitive, and affective needs of MLD students are crucial for
fostering an inclusive and high-quality education. Thus, focusing on MLD within teacher education
programs can be seen as a strategic approach to improving the quality and equity of education
systems globally.

However, there is a limited body of research examining the effects of interactive online learning
and face-to-face Mathematics Learning Disability education programs on teachers” knowledge and
self-efficacy. In particular, the post-2020 surge in digitalization and interactive online learning has
created new research demands in this area [15, 19]. Comparative studies can offer valuable insights
for both policymakers guiding teacher education programs and teacher training institutions. For
instance, the study by De Krischler and Pit-ten Cate [20] demonstrated the effectiveness of an in-
service training program aimed at enhancing teachers” adaptive expertise with students with learning
disabilities, yet it did not extensively explore the impact of face-to-face versus interactive online
learning delivery formats. Similarly, while Dowker’s [21] research on mathematics intervention
strategies for primary school students informs teacher education models, it does not sufficiently
address the comparative analysis of interactive online learning and face-to-face education programs.
In contrast, current challenges, particularly in the post-COVID-19 era, necessitate remote teacher
training programs that are sustainable, effective, and inclusive [19]. The influence of interactive
online learning programs on teachers’ knowledge acquisition, their impact on self-efficacy beliefs,
and the characteristics that shape these outcomes remain crucial areas for further investigation [15].

One of the most important ways to enhance sustainable teacher preparation is through
interactive online learning, especially when it comes to preparing teachers to help kids who struggle
with math. The Covid-19 pandemic's shift to online learning highlighted the necessity of
customized instruction that includes appropriate, cutting-edge approaches for these pupils [32]. In
the context of helping children who struggle with mathematics, interactive online learning has
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become an essential tool for teacher preparation. The use of interactive online learning approaches
necessitates a review of their sustainability and efficacy in pedagogical practices, particularly with
regard to the distribution of resources meant to enhance these students' academic performance.

The Covid-19 pandemic hastened the use of interactive online learning and forced teachers to
find creative ways to teach math to kids who struggle with it. The necessity of adapting conventional
teaching strategies to properly address the requirements of secondary students with learning
disabilities in an online setting is emphasized by Bouck, Myers, and Witzel [28]. The significance of
teaching teachers to use differentiated pedagogic tactics that take into account the varying cognitive
profiles of pupils in a virtual environment is underscored by their findings. Since these methods aim
to enable educators to design inclusive learning experiences in spite of physical classroom limitations,
they have a direct impact on the sustainability of educational practices.

Cassibba et al. [29] further examine the difficulties of teaching mathematics remotely,
emphasizing that standard pedagogical approaches frequently do not translate well into an online
setting, especially for disciplines like mathematics that call for practical involvement. Acknowledging
the challenges faced by educators, the authors recommend that teacher training programs and
resource distribution should change to incorporate technology and pedagogical approaches tailored
to online settings. In this context, sustainability refers to both the efficacy of teaching methods and
the ongoing professional development of teachers, which is crucial for meeting the complex
requirements of students with learning disabilities.

This speech is expanded upon by Videla et al. [30], who look at the educational resources and
tactics that arose throughout the pandemic. According to their study, educators have implemented a
number of creative methods that could be used as a foundation for future teacher training cadres.
The focus on developing accessible learning environments emphasizes the necessity of a resource
allocation approach that encourages the variety of instructional strategies and resources available to
teachers. Sustainable teaching methods that may be tailored to the specific requirements of math
students with disabilities can be informed by the insights gathered by these initiatives.

Another way to achieve educational sustainability is by integrating adaptive technologies into
teacher preparation programs. According to Marienko et al. [31], adaptive technology-enabled
personalized learning benefits students with learning disabilities and fosters a more sustainable
model of teacher education by enabling teachers to modify their lessons to fit the needs of various
learning profiles. This strategy encourages participation and long-term success among students who
struggle with mathematics by supporting the creation of customized learning pathways.

In light of the findings written so far, the impact of intelligent learning technologies on
educational experiences and results in special education environments is a multifaceted topic. The
research suggests that interesting learning environments, adaptive platforms of electronic learning
and the promotion of self-regulated learning are key factors to improve educational experiences for
students with special needs. As technology continues to evolve, its reflexive integration into special
education practices offers promising paths to improve educational equity and results. Literature
collectively underlines the need for continuous exploration in the effectiveness of online learning
technologies to promote inclusive, attractive and support learning environments for all students.

According to the literature, there is a complicated relationship between teacher preparation,
interactive online learning and the assistance given to pupils who struggle with math. The key lesson
is that, in the wake of the epidemic, efforts to improve education must prioritize sustainability in both
teaching techniques and financial allocation. By prioritizing teacher training and interactive
technology integration, educational institutions may create more inclusive learning environments
that successfully address the needs of all students, especially those who struggle with mathematics.
Therefore, the shift to interactive online learning presents both a challenge and an opportunity to
reconsider instructional practices and resource allocation in order to support equitable access and
long-term success for students with learning disabilities.

Therefore, a study examining the effects of interactive online learning and face-to-face
Mathematics Learning Disability education programs on teachers' knowledge and self-efficacy will
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contribute significantly to both academic literature and educational practices. The findings can
provide sustainable information to institutions investing in teacher education, policy makers and
school administrators on how to improve the content, methods and delivery formats of such
programs. In addition, the results can provide valuable insights into the professional development of
potential and current teachers and provide guidance on how to best support their sustainable career
development and growth in more effective learning environments.

The purpose of this study is to examine the effects of the Mathematics Learning Disability
Program, delivered interactive online learning (IOL) and face-to-face, on teachers' knowledge and
self-efficacy levels in terms of contributing to sustainable teaching practices.

2. Materials and Methods

2.1. Research Model

This research was designed to examine the effects of the Mathematics Learning Disability
Program, which offered interactive online learning (IOL) and face-to-face, on the knowledge levels
and self-efficacy levels of teachers. The research was conducted using a quasi-experimental design
model, which involved comparing two experimental groups through quantitative research methods.
While this design facilitates the comparison of the effectiveness of different educational methods, it
differs from fully experimental designs due to the absence of strict control over experimental
conditions [22].

2.2. Participants
The study group consisted of 80 classroom teachers who volunteered to participate in the
research and who worked in the center of Adapazari, Sakarya province (Turkey) in the 2023-2024
academic year. By drawing lots, 40 of the teachers were divided into the interactive online learning
group and 40 into the face-to-face education group. Table 1 provides an overview of the descriptive
characteristics of the participants, including key demographic variables relevant to the study.

Table 1. Descriptive characteristics of the participants

Frequency (N) Percentage
Male 56 70.0
Gender Woman 24 30.0
Total 80 100.0
5 years and under 13 16.3
Between 5-10 years 16 20.0
Professional Seniority Between 10 years and 15 years 10 12.5
Between 15 years and 20 years 18 225
20 years and above 23 28.7
Associate degree 1 1.3
Education Status License 71 88.8
Degree 8 10.0
Participate in in-service Yes 44 55.0
training re?ated to th.e field No 36 45.0
of special education
Previously Received Yes 15 18.8
Education About Difficulty
Learning Mathematics No 65 81.3
(Dyscalculia)'
Total 80 100.0

2.3. Data Collection Tool
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Data were collected in the study using a survey method. The survey form consisted of two
sections. The first section included five questions regarding the demographic characteristics of the
teachers participating in the study, and the second section included the 5-point Likert-type
Mathematics Learning Difficulty Area Teacher Self-Efficacy Scale developed by the researcher. Three
hundred and twenty-nine (329) teachers participated in the scale development study, and validity
and reliability analyses were conducted for the scale.

Exploratory Factor Analysis (EFA) was performed to determine the construct validity of the
scale and to reveal the factor structure. In this process, principal components analysis and direct
oblique rotation method were used. While the principal components method was preferred because
it is a widely used method in practice, the direct oblique rotation method was applied with the
assumption that there is a relationship between the factors [22].

Before the analysis, the Kaiser-Meyer-Olkin (KMO) sample adequacy coefficient was calculated
as 0.949 and the sample size was found to be sufficient for EFA. This value expresses an "excellent"
level of adequacy according to the KMO index [22,23]. In addition, the Bartlett sphericity test result
was found as x? =2286.609, df = 136, p <0.001 and it was determined that the correlations between the
items were at an appropriate level for factor analysis [23]. Table 2 provides the factor analysis results
for the Mathematics Learning Difficulty Area Teacher Self-Efficacy Scale, highlighting the underlying
dimensions and validity of the scale.

Table 2. Mathematics Learning Difficulty Area Teacher Self-Efficacy Scale Factor Analysis Findings.

Articles Factor 1 Factor 2
I can plan teaching for students with learning difficulties in ,976
mathematics (4)
I can adapt methods and techniques for students with ,941

Mathematics Learning Disability. (6)

I can determine methods and techniques for students ,940
diagnosed with Mathematics Learning Disability. (5)

I'am competent in learning strategies for students with learning ,884
difficulties in mathematics. (7)

I am knowledgeable about the characteristics of students with ,746
Mathematics Learning Disability. (2)

I am qualified to conduct program-based assessments for ,735
students with symptoms of Mathematics Learning Disability.

3

I am competent in organizing content for students diagnosed ,735

with Mathematics Learning Disability. (9)

Personal Teaching Competence

My knowledge of adapting teaching for students with learning ,630
disabilities in mathematics is sufficient. (13)
I can use special teaching strategies that are appropriate for ,628
students with Mathematics Learning Disabilities. (11)
I can recognize the symptoms in students with learning ,620
difficulties in mathematics. (1)
I am competent in improving the mathematical skills of ,553
students with learning difficulties in mathematics. (8)

Cronbach's Alpha 0.961

I can prepare different materials for students with learning ,894

Inst

difficulties in mathematics. (19)
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I am competent in the process evaluation used to improve the ,891
success of students diagnosed with Mathematics Learning

Disability. (18)

collaborating with other teachers for students diagnosed with ,761
Mathematics Learning Disability. (16)

I can help my students with Mathematics Learning Disability ,759
solve number problems. (17)

I can guide families of students with learning difficulties in ,718
mathematics. (15)

I can organize appropriate classroom environments for ,508

students with Mathematics Learning Disability. (14)

Cronbach's Alpha 0.938
Eigenvalue 8,388 4,531
Variance Explained 66,875 4,460
Total Variance Explained 71,335
Cronbach's Alpha 0.970

When the factor analysis results were examined, it was determined that the scale consisted of
two sub-dimensions. The first factor was named "Personal Teaching Efficacy" and was found to
consist of 11 items (items 1, 2, 3,4, 5, 6,7, 8,9, 11 and 13). The second factor was named "Instructional
Support Efficacy" and was found to consist of 6 items (items 14, 15, 16, 17, 18 and 19).

Tabachnick and Fidell [24] state that if an item loads on more than one factor, it is appropriate
to remove these items from the analysis if the loading difference is less than 0.10. Accordingly, items
10 and 12 loaded on more than one factor and were removed from the analysis because the difference
between the factor loadings was less than 0.10. In addition, Biiyiikoztiirk [22] emphasizes that items
that do not give significant loadings on any factor should be removed from the analysis. Based on
this, items 20, 21, and 22, which did not give factor loadings, were also removed from the scale.

As a result of EFA, the lowest factor loadings were determined as 0.508 and it was evaluated
that the factors made a significant contribution to the scale items because it was above the 0.40
threshold value accepted in the literature [25]. As a result, it was determined that the scale consisting
of 17 items had a two-factor structure and these two factors explained 71.34% of the total variance.

Table 11 shows the reliability analyses of the scale and its sub-factors. Accordingly, it is seen that
the scale has a very high-reliability level (Cronbach’s Alpha =0.970). When the values obtained as a
result of the reliability analyses of the sub-dimensions of the scale, Personal teaching competence
dimension (Cronbach's Alpha = 0.961) and Instructional support competence dimension (Cronbach'’s
Alpha =0.938), are taken into consideration, it can be held that they have a very high-reliability level.
Therefore, it indicates that the reliability of the scale developed in the study is generally high.

2.4. Procedure

In the experimental application process of the study, the Mathematics Learning Disability
Program developed by the researcher was applied to the teachers in the experimental group. The
program consisted of both interactive online learning and face-to-face education modules and lasted
4 weeks in total. The training was carried out in 4-hour sessions each week, one day a week, and a
total of 16 hours of training was provided.

The sessions for 40 teachers who participated in the face-to-face training were organized in the
researcher's office in the Adapazar1 district of Sakarya. The training sessions were held in two
sessions on weekends between 10:00-12:00 in the morning and 13:00-15:00 in the afternoon. In these
sessions, basic topics such as working methods with students with learning difficulties in
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mathematics, special education practices, and in-class support strategies were conveyed to the
teachers. During the training, real case examples were presented to the teachers and they were
enabled to develop solution suggestions for these situations. In addition, practical activities were
performed to show how to use the training materials and practical work was done on preparing
individualized education plans (IEP).

For teachers participating in interactive online learning education, sessions were held
synchronously via the Google Meet platform. In the training, presentations, video content, and
interactive materials prepared in advance by the researcher were used. Teachers participated in
instant question-answer activities via digital tools during the sessions and completed the assigned
tasks. Each interactive online learning session was supported by group work and discussions where
teachers could collaborate. In addition, short assignments were given to teachers at the end of the
sessions and these assignments were evaluated before the next session.

The training program included the following topics to enhance teachers' ability to work
effectively with students experiencing mathematics learning difficulties:

. Dyscalculia: Dyscalculia is defined as a type of learning disability in mathematics. Its
causes can be based on genetic, neurological, and environmental factors. The main symptoms in
students include difficulty understanding the concept of numbers, difficulty with basic mathematical
operations, and problems understanding temporal relationships.

. Misconceptions and Facts: Dyscalculia is often confused with mental retardation, but this
is a common misconception. Students' cognitive potential should be assessed accurately, and
misconceptions should be corrected. Dyscalculia is a learning disability in which students can be
successful with appropriate teaching methods.

. Effective Teaching Methods: Visual materials make it easier for students to understand
mathematical concepts. Game-based learning concretizes abstract mathematical topics in a fun way.
Individualized teaching methods require developing strategies that are appropriate to the student's
learning pace and needs.

. Teacher Role: Teachers should understand the emotional and academic needs of students
with dyscalculia while creating awareness. Students can be supported by establishing effective
cooperation with families. Teachers can increase students' self-confidence by creating a positive
learning environment in the classroom.

. Definition and Symptoms of Math Learning Disability: Math learning disability can
manifest itself in different types, including dyscalculia. These difficulties are generally characterized
by students' difficulties in understanding and applying mathematical concepts. If symptoms are
detected early, appropriate interventions can increase success.

. Application Examples for Students with Learning Disabilities: Classroom applications
can be adapted to develop students' mathematical skills. For example, number and operation
concepts can be taught using concrete materials and visual supports. The needs of students with
learning disabilities can be met with group work and individual support.

. Special Education Support Services and Legal Regulations: Special education support
services in Turkey offer various regulations to support students' right to education. Teachers can
make the most of these services by knowing their legal rights and responsibilities. Individual
education plans can be prepared for the education of students with dyscalculia.

. Assessment and Feedback Strategies: Students’ mathematical skills should be assessed
regularly. Teachers should provide constructive feedback to students as they monitor their progress.
Methods that will increase students” motivation throughout the development process should be used.

2.5. Analysis of Data

The data obtained in the study were evaluated using the SPSS 26.0 statistics program in a
computer environment. In order to evaluate the effects of the education programs, the knowledge
and self-efficacy levels before and after the face-to-face and interactive online learning education
programs were compared. In this context: The dependent sample t-test was applied to determine
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whether there was a significant difference between the scores before and after the education. The
independent sample t-test was applied in the comparison of the groups. Cohen's d statistic was used
to evaluate the magnitude of the difference between the groups. Cohen's d expresses the magnitude
of the mean difference between two groups in terms of standard deviation [26]. This method is used
especially to determine whether group differences are statistically significant and is important in the
evaluation of effect size. According to the standard interpretations suggested by Cohen [26]; d<0.2
indicates a small effect, 0.2<d<0.8 indicates a medium-sized effect, and d>0.8 indicates a large effect.

3. Results

The findings regarding whether there is a significant difference between the knowledge and self-
efficacy levels of the teachers in the application group who were given the mathematics learning
disability training program before and after the application in terms of the variable of participation
in the study on Mathematics learning disability are shown in Table 3.

Table 3. t-Test Results for Knowledge and Self-Efficacy Levels Before and After the Training Programs on
Mathematics Learning Difficulty.

Independent Samples Test

Group Statistics (Levene's Test for Equality of
Variances)
What is your participation in N M S F : Ing. (2-
the study? tailed)
Knowledge and From IOL 40 1,732 0.176
1f-Effi Level 1,727 2,2 27
Self-Efficacy Levels Face to face 40 1652 0.144 ' 250 0
[8[©)
Knowledge and From IOL 40 3,727 0.336
1f-Effi Level . -0.82 41
Se lﬁgy eves Face to face 40 3787 0315 0630 0829 0410
.. From IOL 40 1,880 0.190
UOF1 0.063 2,289 0.025
Face to face 40 1,784 0.183
.. From IOL 40 1,463 0.257
F2 4,404 1, 2
vo Face to face 40 1,408 0.192 0 066 0.290
From IOL 40 3,675 0.315
USF1 0.375 -0.721 0.473
Face to face 40 3,725 0.306
From a IOL 40 3,821 0.522
US F2 Face to face 40 3,900 0.457 1,625 -0.721 0473

*p<0.05; AO: Pre-application; US: Post-application; F1= Personal teaching efficacy factor; F2: Instructional

support efficacy factor

Table 3 presents the independent sample t-test results examining the pre-and post-
implementation differences in terms of knowledge and self-efficacy levels of teachers who received
IOL and face-to-face education.

Before the application, it was observed that the knowledge and self-efficacy levels of teachers
who received IOL education (M =1.732, SD = 0.176) were higher than those who received face-to-face
education (M = 1.652, SD = 0.144) and this difference was statistically significant (t = 2.250, p = 0.027 <
0.05). However, after the application, it was determined that the difference between the two groups
was not significant (t =- 0.829, p =0.410 > 0.05).

According to the analyses conducted at the factor level, it was determined that the average scores
of the teachers who received IOL education (M = 1.880, SD = 0.190) were significantly higher than
those who received face-to-face education (M = 1.784, SD = 0.183) in the personal teaching adequacy
factor (UT F1) (t=2.289, p = 0.025 <0.05). However, this difference was not found to be significant in
the instructional support adequacy factor (UT F2) (t = 1.066, p = 0.290> 0.05).
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After the application, no significant difference was found between the groups in terms of both
personal teaching efficacy (US F1) and instructional support efficacy (US F2) factors (t =- 0.721, p >
0.05). These findings show that at the end of the training process, the knowledge and self-efficacy
levels of teachers who received IOL and face-to-face training were balanced and both methods had
similar effects.

Cohen's d analysis was conducted to determine the effect size of IOL and face-to-face education
type on teachers' knowledge and self-efficacy levels. The findings of the analysis are shown in Table
4.

Table 3. Cohen's d Effect Size Table Between Groups.

IOL Face-to-Face Education

Variable *P ** Cohen's d Interpreting Effect Size
N M SO N M  SD
Pre-Application )5 175 018 40 165 014 0027 0.503 Atan intermediate
Avg. level
Post-Applicati
o8 g’glca N 40 373 034 40 379 031 0410 0.185 At a small level

*p<0.05; **d (d<0.2 small effect, 0.2<d<0.8 medium effect, d>0.8 large effect).

Before the application, it was determined that the average knowledge and self-efficacy level of
the teachers who received IOL education (M = 1.73, SD = 0.18) was higher than the average of the
teachers who received face-to-face education (X=1.65, SD = 0.14). The difference between the groups
was statistically significant (p = 0.027 < 0.05) and the effect size was calculated as Cohen's d = 0.503.
This value indicates a medium effect size. This finding shows that the teachers who participated in
the IOL education program may have a higher initial level of knowledge and self-efficacy before the
application.

After the application, it was determined that the difference between the two groups was not
statistically significant (p = 0.410 > 0.05). The mean of the teachers who received IOL education (M =
3.73, SD = 0.34) remained at a level close to the mean of the teachers who received face-to-face
education (M =3.79, SD = 0.31). The effect size was calculated as Cohen's d = 0.185, indicating a small
level effect.

These findings show that both types of training have similar effects on increasing teachers'
knowledge and self-efficacy levels and that the initial differences are balanced at the end of the
training process. According to Cohen's d analysis, while a significant difference was observed among
the teachers who participated in IOL education at the beginning, this difference was no longer
statistically significant after the completion of the program. This situation reveals that the training
programs offered by both methods contribute to teacher development to a similar extent.

4. Discussion

This study aimed to assess the effectiveness of training programs designed to enhance teachers'
knowledge and self-efficacy in mathematics learning disabilities (MLD). Specifically, it examined the
comparative effects of IOL and face-to-face training and analyzed their impact on teachers'
professional development. The findings indicate that while both training modalities support
teachers’ professional growth, they exhibit distinct dynamics.

The results revealed that, prior to the implementation, teachers in the IOL group had
significantly higher knowledge and self-efficacy levels compared to those in the face-to-face
education group. This may suggest that teachers opting for IOL have higher individual learning
motivation or are better prepared for the training process due to greater familiarity with technology
[15]. Additionally, prior experience with digital learning platforms may have facilitated smoother
adaptation to the IOL format.

However, post-intervention results indicated that the knowledge and self-efficacy levels of both
groups became comparable. This suggests that both training approaches effectively contribute to
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teachers’ professional development and that initial differences in learning processes tend to balance
out over time. This finding aligns with previous research demonstrating that IOL and face-to-face
education can yield equivalent outcomes in teacher development [15, 19].

Factor-level analyses indicate a significant increase in teachers’ personal teaching competence
and instructional support competence. Following the training program, teachers demonstrated
greater proficiency in recognizing the needs of students with MLD, utilizing appropriate
instructional materials, and developing individualized teaching strategies. The improvement in
instructional support competence suggests that teachers enhanced their ability to implement in-class
adaptations and provide guidance services for students. These findings align with previous research
indicating that training programs designed to enhance teachers’ competencies in special education
are effective [10,13].

The training program proved to be highly effective in increasing teachers' knowledge and self-
efficacy. The mode of participation whether remote or face-to-face did not significantly influence the
program’s effectiveness, as both groups achieved comparable levels of success. This finding is
particularly important for the accessibility and scalability of the training program. The fact that
similar outcomes can be achieved regardless of the training format presents a significant advantage
in addressing teachers' professional development needs under varying circumstances.

The differences observed before the implementation may be due to the teachers' professional
experience levels, learning styles, motivation, or previous professional development training. The
higher level of knowledge and self-efficacy of teachers who participated remotely in particular may
be explained by the differences in the technology aptitude of this group or their self-learning skills.
In this context, analyzing the reasons for these differences before the implementation in more depth
may contribute to the development of different strategies according to the needs of teachers in the
preliminary preparation process of the training program. Designing training programs in an
individualized manner may help eliminate such differences.

The findings further contribute to the discussion on the effectiveness of IOL and face-to-face
education. According to Cohen's d analysis, the initial difference observed in the IOL group before
the intervention had a medium effect size. However, no significant difference was found between the
two groups after the training. This suggests that both educational modalities were equally effective
in enhancing teachers' knowledge and self-efficacy. By the end of the training program, there was no
statistically significant difference in the knowledge levels of teachers who participated in IOL versus
face-to-face education. This result aligns with existing literature indicating that different instructional
formats yield comparable learning outcomes [27].

Furthermore, the insights gained from distant learning during seizures suggest useful support
systems for students with particular needs, like those with autism spectrum disorders, as well as
those with typical learning challenges [33]. Distance education offers the ability to improve teacher
preparation in a sustainable way by implementing evidence-based approaches and encouraging an
interactive online learning environment. This could improve outcomes for children who struggle
with math.

5. Conclusions

The findings of this study demonstrate that training programs significantly contribute to
teachers' professional development. However, variations in teachers' pre-training knowledge levels
may be influenced by individual learning styles, technological proficiency, and prior professional
experiences. Therefore, future research should explore these individual differences in greater detail
and enhance training programs with personalized content. Additionally, long-term follow-up studies
are needed to examine how teachers apply their newly acquired knowledge in classroom settings
and to assess its impact on student achievement over time.

In conclusion, this study confirms the effectiveness of in-service training programs designed to
enhance teachers' knowledge and self-efficacy in the field of Mathematics Learning Disability.
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Notably, the findings indicate that interactive online learning and face-to-face education produce
comparable learning outcomes. As a result, education policies and teacher training programs should
prioritize hybrid education models that integrate the strengths of both approaches. Such models can
better accommodate teachers’ learning paces and preferences, ultimately leading to more effective
and inclusive professional development opportunities.
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