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Abstract: This study aims to identify current trends in the use of digital tools in mathematics teaching, the types of tools
employed, and their pedagogical roles in instructional processes. Conducted within a qualitative research approach, the
study adopted a document analysis design, and the data were analyzed through descriptive content analysis. A total of 25
articles (14 national and 11 international) published between 2011 and 2025 and directly addressing the integration of
digital tools into mathematics teaching were systematically examined. The digital tools were classified into three themes:
hardware-based, software-based, and web/internet-based technologies. The findings indicate that web-based technologies
are the most widely used, while software-based tools particularly support concept teaching and modelling processes.
Teachers primarily use digital tools for concept teaching, assessment, and interaction; however, usage patterns often
remain focused on passive presentation. Professional development, institutional support, and positive attitudes emerge as
facilitating factors, whereas technical limitations, time constraints, and insufficient pedagogical planning restrict effective
integration. The findings also show that the integration of technology, pedagogy, and content required by the TPACK
framework is not always fully achieved. Overall, effective integration requires subject-specific, practice-oriented
professional development, stronger institutional and technical infrastructure, and pedagogical designs aligned with
learning objectives. These findings provide an evidence-based framework for the digital transformation of teacher
education and in-service training programs.
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Oz: Bu calisma, matematik 6gretiminde dijital arag kullamimina iliskin giincel egilimleri, kullanilan arag tiirlerini ve bu
araglarin 6gretim siirecindeki pedagojik rollerini ortaya koymayi amaglayan, nitel aragtirma yaklasimi kapsaminda
dokiiman incelemesi deseninde yiiriitiilen ve verileri betimsel igerik analizi ile ¢dziimlenen bir aragtirmadir. 2011-2025
yillar arasinda yayimlanan ve matematik 6gretiminde dijital araglarin entegrasyonunu dogrudan konu alan 25 (14 ulusal,
11 uluslararasi) makale sistematik bi¢imde analiz edilmistir. Veriler betimsel igerik analizi ile ¢oziimlenmis; dijital araglar
donanimsal, yazilim tabanli ve web/internet tabanli olmak {izere {i¢ temada siniflandirilmigtir. Bulgular, dijital araglarin en
yaygin bigimde web tabanli teknolojiler araciligiyla kullanildigini, yazilim tabanl araglarin 6zellikle kavram dgretimi ve
modelleme siireglerini destekledigini gostermektedir. Ogretmenlerin araglar1 cogunlukla kavram dgretimi, degerlendirme
ve etkilesim amagli kullandiklari; ancak kullanim Oriintiilerinin ¢ogunlukla pasif sunum odakli kaldig1 belirlenmistir.
Entegrasyonu destekleyen etmenler arasinda mesleki gelisim, kurumsal destek ve olumlu tutumlar 6ne ¢ikarken; teknik
yetersizlikler, zaman kisitlilig1 ve pedagojik planlama eksikligi siireci sinirlamaktadir. Bulgular, matematik dgretiminde
etkili teknoloji entegrasyonu i¢in branga 6zgil dijital pedagojik egitimlerin giliglendirilmesi gerektigini gostermektedir.
TPAB ¢ergevesinin gerektirdigi teknoloji—pedagoji—icerik biitiinlesmesinin her zaman saglanamadigi goriilmiistiir.
Sonuglar, etkili entegrasyon igin bransa 6zgli ve uygulamaya dayali mesleki gelisimin, kurumsal/teknik altyapinin
gliclendirilmesinin ve Ogrenme hedefleriyle uyumlu pedagojik tasarimlarin yayginlastirilmasmm kritik oldugunu
gostermektedir. Bu bulgular, 6gretmen yetistirme ve hizmet i¢i egitim programlarinin dijital déniistimiine kanit temelli bir
¢erceve sunmaktadir.

Anahtar Kelimeler: dijital araclar, matematik 6gretimi, 6gretmen yeterlikleri, teknoloji entegrasyonu, alanyazi taramasi

Tiirkge stiriim i¢in tiklayiniz

1. Introduction

Effective mathematics teaching requires students not merely to memorize abstract concepts, but to make
sense of them and construct them cognitively. In this process, the use of instructional materials constitutes an
important component in concretizing abstract mathematical concepts and enabling students to participate
actively in cognitive construction processes (Bozkurt & Akalin, 2015). Instructional materials facilitate students’
transition from passive recipients of information to active participants in meaningful learning and contribute to
the permanence of learning by supporting cognitive activity. In this way, mathematics teaching moves beyond a
process based solely on the transmission of information and becomes a process that guides learning within a
constructivist perspective.
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With the advent of the digital age, the nature and functions of the tools used in teaching and learning
environments have changed considerably. Dynamic geometry software, simulations, augmented reality
applications, and web-based platforms have become tools that support the identification of misconceptions, the
development of hypotheses, and the construction of meaning through multiple representations in mathematics
teaching (Yiiksel et al., 2016). These technologies also support students’ active participation, their interest and
confidence in doing mathematics, collaborative learning, and the continuity of learning beyond the classroom
(Oztop & Bulug, 2022). Nevertheless, the abstract nature of mathematics and prejudices arising from previous
negative learning experiences may lead to reluctance and anxiety among students (Hacioglu Seven & Eriimit,
2025). Therefore, the mere presence of digital tools in learning environments is not sufficient; teachers’ ability to
use these tools in ways that are compatible with content, student characteristics, and pedagogical purposes
becomes equally important. In this context, the fundamental issue is not simply whether digital tools are used,
but rather for what purposes, in what ways, and in which pedagogical roles they are integrated into the
instructional process.

The meaningful integration of technology into mathematics teaching requires teachers’ technological
knowledge to be considered together with pedagogical and content knowledge. Shulman’s (1986) concept of
Pedagogical Content Knowledge (PCK) emphasizes teachers’ ability to restructure subject-matter knowledge
according to students’ levels and instructional contexts and to enrich meaning through multiple representations,
analogies, and instructional strategies. In the digital age, this perspective has been extended through the
Technological Pedagogical Content Knowledge (TPACK) framework, in which technological knowledge is
integrated with pedagogical and content knowledge (Demir & Bozkurt, 2011; Ozdemir & Erduran, 2019).
TPACK focuses not merely on using technology, but on integrating technology meaningfully with content and
pedagogical purposes. Accordingly, the use of dynamic geometry software, computational and modelling tools,
video and simulation applications, and online platforms in alignment with instructional content and pedagogical
purposes becomes important. The Instrumental Orchestration approach similarly emphasizes the teacher’s role in
structuring technology through pedagogical scenarios and supporting student interaction through classroom
arrangements (Alan et al., 2021).

In the present study, TPACK and Instrumental Orchestration were considered not only as theoretical
foundations but also as conceptual guides for analysing the studies included in the review. The types of digital
tools, their pedagogical purposes in instructional processes, and the factors facilitating or hindering technology
integration were evaluated in line with the core components of these approaches. Thus, the use of digital
technologies was examined not only in terms of which tools were preferred, but also in terms of how these tools
were integrated into instructional processes. This approach also provided a basis for formulating the research
questions in a manner that takes into account the integrated structure of technological, pedagogical, and content
knowledge.

Although digital tools used in mathematics teaching differ in terms of their technical characteristics and
pedagogical functions, they were examined in the present study under three main categories: hardware-based
technologies, software-based technologies, and web/internet-based technologies. Digital tools used in education
range from hardware such as interactive whiteboards, tablets, and computers to software such as GeoGebra and
web-based platforms such as Kahoot, EBA, Google Classroom, and Zoom (Naywroglu & Tutak, 2024).
Hardware-based technologies such as interactive whiteboards, tablets, graphics tablets, and computers support
the development of digital content, the implementation of interactive activities, and increased student
participation (Demircioglu Diren & Horzum, 2023). Teachers’ competence in effectively selecting,
implementing, and evaluating digital tools for pedagogical purposes is regarded as an important component of
the meaningful integration of digital technologies into instruction (Redecker, 2017). Similarly, the development
of teachers’ digital competencies facilitates the integration of technologies into learning processes and
contributes to students’ acquisition of the skills required in the digital age (Toker et al., 2021). Software-based
technologies such as GeoGebra, Cabri, and MATLAB are regarded as tools that support conceptual
understanding, mathematical reasoning, problem solving, modelling, and the use of multiple representations
(Karaarslan et al., 2013). Web-based tools such as Zoom, EBA, Google Classroom, Moodle, Kahoot, and
Quizizz are used to support interaction, formative assessment, online collaboration, and feedback processes
(Biger & Tekinarslan, 2023). Digitalization in education also supports access to learning materials independent
of time and place, thereby contributing to more flexible and sustainable learning processes (Siirer, 2020). The
threefold classification used in this study was developed on the basis of the technical characteristics of digital
tools and their use in instructional processes, as well as the TPACK and Instrumental Orchestration approaches.
In particular, the Instrumental Orchestration approach, which concerns the pedagogically purposeful
organization of technological tools, was considered one of the conceptual foundations of this classification
(Trouche, 2004). Accordingly, this classification guided the coding and thematic structure of the study.

The wvisibility of digital technologies in instructional processes increased further with the digital
transformation accelerated by the pandemic; this process brought not only the digitalization of instructional
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materials but also the redesign of teaching to the forefront. Consequently, teachers’ beliefs, digital competencies,
and pedagogical approaches became important components of technology integration (Aksan Kiligaslan et al.,
2022). The potential of applications such as digital storytelling to support both cognitive and affective
dimensions of learning also demonstrates that digital technologies should be considered not merely as technical
tools but also in terms of their pedagogical functions (Ozpnar, 2017).

In this regard, an examination of national studies shows that the use of digital tools in mathematics teaching
has primarily concentrated on web/internet-based technologies, mathematics software, digital material
development, gamification, and technology integration. Aksan Kiligaslan et al. (2022) reported that teachers used
a range of tools, including Zoom, e-books, GeoGebra, Kahoot, search engines, and instructional videos, whereas
Tas et al. (2021) reported that middle school mathematics teachers used interactive whiteboards to support
visualization and increase students’ interest and attention during lessons. Yiiksel et al. (2016) demonstrated that
digital tools contributed to visualization, modelling, and motivation, although limitations related to access,
technical support, and pedagogical competence could restrict their integration. The findings of Alan et al. (2021)
likewise indicate that, despite the use of tools such as interactive whiteboards, projectors, GeoGebra, and EBA,
technology use may remain largely at passive levels, such as projection and video presentation. Ozbey and
Ozmantar (2024), in turn, reported that teachers considered criteria such as suitability for students’ levels, time
efficiency, conceptual accuracy, ease of use, and interaction when selecting digital tools, whereas complexity
and technical problems could limit their preferences.

Findings from national studies on digital material development and gamification similarly indicate that
pedagogical opportunities and technical limitations need to be considered together. Ozpmar (2017), Aldemir
Engin (2023), and Yildiz Durak and Karaoglan Yilmaz (2019) found that digital storytelling and game-design
applications supported participation, motivation, problem solving, creativity, and technological competence,
while technical difficulties could constrain instructional processes. In studies addressing technology integration
within the TPACK framework, professional development, teacher beliefs, digital skills, self-confidence, training,
technical infrastructure, and administrative support emerged as prominent factors (Agic & Korkmaz, 2022;
Demir & Bozkurt, 2011; Ince-Muslu & Erduran, 2021; Orman & Sevgi, 2024; Ozdemir & Erduran, 2019; Oztop
& Bulug, 2022). Taken together, these studies suggest that digital tools offer important opportunities for
conceptual learning, visualization, problem solving, and student motivation in the national literature; however,
their effective use is associated not only with the availability of technological tools but also with teachers’
pedagogical competencies and the conditions supporting integration.

Similar themes are evident in the international literature. Fjerestad and Xenofontos (2025) reported that
digital tools supported individualized learning, motivation, and visualization, while also potentially creating
limitations such as distraction, superficial learning, and excessive dependence on technology. Joshi et al. (2023)
and Vaillant et al. (2021) demonstrated that digital platforms supported teaching and assessment processes,
although problems related to content production, connectivity, and technical support could restrict integration.
These findings largely correspond to those reported in national studies regarding the need for accessibility,
technical infrastructure, and pedagogical support.

International studies examining the role of mathematics software in conceptual learning and problem solving
likewise show that technology integration cannot be explained solely in terms of technical skills. Cirneanu and
Moldoveanu (2024) reported that tools such as MATLAB, Simulink, SolidWorks, and Python supported
simulation, modelling, analytical thinking, and problem solving, while deficiencies in infrastructure and
software-use skills could constrain integration. Dockendorff and Gomez Zaccarelli (2024) emphasized the
importance of supporting technology integration through TPACK, whereas Yao and Zhao (2022) showed that
teachers’ use of technology could vary according to factors such as age and professional experience. Studies on
gamification and coding similarly reported positive outcomes in relation to technological skills and learning
processes, alongside technical difficulties and time constraints (Chananil et al., 2025; Lee et al., 2024). In
addition, recent international studies have addressed emerging issues such as artificial intelligence-supported
systems, ethics, and data privacy (Porn et al., 2024; Song et al., 2025). Arhin et al. (2024) further demonstrated
that although digital tools were perceived as useful, inadequate technical infrastructure and insufficient in-
service training could limit their integration.

When national and international studies are considered together, a common tendency emerges indicating that
digital tools support conceptual learning, problem solving, visualization, motivation, interaction, and
individualized learning in mathematics teaching. However, these contributions do not appear to depend solely on
the type of technology used; rather, they are closely associated with teachers’ TPACK competencies,
pedagogical planning skills, professional development opportunities, technical infrastructure, and institutional
support. International studies tend to address more recent areas of digital transformation, including artificial
intelligence, digital learning ecosystems, ethics, and data security, whereas national studies place greater
emphasis on teacher competencies, GeoGebra use, and technology integration. Thus, although the two bodies of
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literature largely converge in terms of their core issues, they also differ in relation to the emerging technological
domains they address.

Nevertheless, an important limitation remains in the existing literature. A substantial proportion of studies on
the use of digital tools in mathematics teaching focus on a specific digital tool, a particular sample, or a specific
implementation context. Consequently, current and comprehensive synthesis studies that simultaneously
examine the types of digital tools, their pedagogical uses, and the factors facilitating or hindering technology
integration, while also comparing national and international findings within the same framework, remain limited.
Although the existing studies provide a substantial body of knowledge, the findings remain dispersed across
different research contexts, creating a need to reconsider evidence related to teacher competencies, pedagogical
roles, and technology integration processes within a common framework.

Building on this gap, the present study examines national and international studies within the same analytical
framework and evaluates digital tools used in mathematics teaching in terms of tool types, pedagogical purposes,
and factors that facilitate or hinder technology integration. The scope of the study was limited to research
published between 2011 and 2025. This period was selected to examine, within a defined and comparable
timeframe, the recent period during which digital tools and technology integration became increasingly visible
and widespread in mathematics education. Accordingly, the study seeks to evaluate the reflections of digital
transformation on mathematics teaching over approximately the last fifteen years on the basis of both national
and international research.

Accordingly, the aim of this study is to identify trends in the use of digital tools in mathematics teaching
based on national and international research published between 2011 and 2025, classify the types of digital tools
used, examine their pedagogical roles in instructional processes, and identify the factors that facilitate or hinder
effective technology integration. Drawing on the integrated structure of technological, pedagogical, and content
knowledge within the TPACK framework, the study considers not only how frequently or which types of digital
tools are used, but also how these tools are integrated into instructional processes.

The original contribution of the study lies in evaluating the role of digital tools in mathematics teaching not
merely in terms of tool types, but also by considering the findings of national and international studies together
with their pedagogical purposes and the conditions affecting technology integration. In this respect, the study
aims to provide a more holistic view of digital tool use in mathematics teaching by synthesizing findings
dispersed across different research contexts under common themes. The findings are expected to contribute to
the structuring of digital pedagogical content in teacher education programs, the development of in-service
training practices, and the evaluation of technology integration processes in schools.

In line with this aim, the study addresses the following research questions:

1. What are the educational levels of mathematics teachers and the types of digital tools they use most
frequently?

2. For what purposes and in which pedagogical roles are these tools used?
3. What factors facilitate and hinder effective technology integration?

2. Method

2.1. Research Design

This study was conducted as a document analysis study within a qualitative research approach and followed a
systematic review approach. A systematic review is a research approach that aims to systematically select and
synthesize studies in the literature on a specific topic according to predetermined criteria (Xiao & Watson,
2019). Document analysis is a method used to systematically examine written materials within the scope of a
study in order to analyze the existing body of knowledge and interpret it under specific themes (Yildirim &
Simsek, 2018). During the document analysis process, the articles were analyzed according to a systematic
coding scheme in terms of their aims, methods, samples, types of digital tools used, and pedagogical outcomes.
Document analysis was selected as appropriate for the purpose of this study because the systematic examination
of national and international studies on the use of digital tools requires the existing body of knowledge to be
evaluated holistically. This design enables dispersed research findings to be compared under specific themes and
makes it possible to identify general trends in the use of digital tools in mathematics teaching.

The studies to be included in the research were determined in accordance with predetermined inclusion and
exclusion criteria. Accordingly, duplicate records, publications for which full texts were unavailable, studies
conducted outside the context of mathematics teaching or mathematics teacher education, research that did not
directly examine the use of digital tools, as well as conference papers, theses, book chapters, and publications
that had not undergone peer review were excluded. Following this screening process, 25 scientific articles
published between 2011 and 2025 and directly addressing the use of digital tools, technology integration, or
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teacher competencies in mathematics teaching constituted the final dataset of the study. Of these studies, 14 were
published in national journals and 11 in international journals. The distribution of the studies included in the
research is presented in Table 1.

Table 1. Categories of the Studies

Category f Included Studies

Aksan Kiligaslan et al. (2022); Ozpinar (2017); Oztop & Bulug (2022); Tas et al. (2021);
Aldemir Engin (2023); Y1ldiz Durak & Karaoglan Yilmaz (2019); Demir & Bozkurt (2011);
Agig & Korkmaz (2022); Yiiksel et al. (2016); Ozdemir & Erduran (2019); ince-Muslu &
Erduran (2021); Orman & Sevgi (2024); Alan et al. (2021); Ozbey & Ozmantar (2024).

National 14

Fjerestad & Xenofontos (2025); Cirneanu & Moldoveanu (2024); Joshi et al. (2023);
International 11 Dockendorff & Gomez Zaccarelli (2024); Chananil et al. (2025); Arhin et al. (2024); Lee et
al. (2024); Song et al. (2025); Porn et al. (2024); Vaillant et al. (2021); Yao & Zhao (2022).

Total 25

Note. f = frequency.

2.2. Data Collection Instruments

The data were collected through a literature search conducted in 2025 across the Google Scholar, ERIC,
Scopus, Web of Science, DergiPark Academic, and TR Dizin databases. During this process, the keywords
“digital tools,” and “mathematics teachers” were used in Turkish and English. The search process included title,
abstract, and keyword screening using the Boolean operators “AND” and “OR.” Only studies published in peer-
reviewed journals were filtered in the databases, and publications for which full texts were unavailable were
excluded. This multi-stage search approach enabled the systematic identification of studies directly related to the
aim of the research.

The search results were evaluated in accordance with the PRISMA 2020 framework, which enables the
transparent reporting of the processes of identifying, screening, assessing the eligibility of, and ultimately
including studies in systematic reviews (Page et al., 2021). During the screening process, duplicate records,
studies for which full texts were unavailable, research conducted outside the context of mathematics teaching or
mathematics teacher education, studies that did not directly examine the use of digital tools, as well as
conference papers, theses, book chapters, and publications that had not undergone peer review were excluded. A
total of 25 articles meeting the predetermined inclusion criteria were included in the study. The inclusion criteria
were as follows:

* Conducted within the context of mathematics teaching or teacher education,
* Directly examined the use of digital tools, software, or platforms,

* Published in Turkish or other languages,

* Published in peer-reviewed journals with full-text access.

Each selected article was analyzed in detail in terms of its aim, sample, tools used, method, and findings,
thereby constituting the dataset of the study.

55



Akbas & Girgin

Databases

Google Scholar (118)
Records identified in databases ERIC (34)
Total records = 291 Scopus (42)
Web of Science (27)
TR Dizin (31)
DergiPark (39)

Duplicate records removed
(n =46)

4 \
Excluded at the title/abstract stage
. =il
Records screened by title and abstract gr=eel
(n = 245) o Not related to mathematics teaching
¢ No focus on digital tools
\ J

-
Excluded after full-text review
(n=37)
Full text unavailable (8)
Not a peer-reviewed article (10)

Did not meet the criteria (12)
Insufficient methodology (7)

Full-text studies assessed
(n=62)

Studies included in the review
(n =25)
National = 14
International = 11

Figure 1. PRISMA 2020 Flow Diagram of the Study Selection Process
2.3. Data Analysis

The data obtained in the study were analyzed using a descriptive content analysis approach. Descriptive
content analysis is an approach that aims to systematically present the existing situation by organizing data
contained in documents under specific codes, categories, and themes (Bowen, 2009). All studies were
systematically examined, and the digital tools, purposes of use, and pedagogical roles identified in the texts were
transformed into explicit codes. During the coding process, expressions with similar meanings were first grouped
according to their common characteristics, and categories were formed. These categories were then organized
inductively under higher-order themes by considering the technical characteristics of digital tools, their patterns
of use, and their functions in the instructional process. As a result of this process, three main themes were
identified: hardware-based technologies, software-based technologies, and web/internet-based technologies. The
coding process was conducted independently by two researchers, after which the resulting codes and categories
were compared and consensus was reached. The percentage of agreement between coders was calculated using
the formula proposed by Miles and Huberman (1994), Reliability = Agreement / (Agreement + Disagreement) x
100, and was found to be 91%. Codes on which there was disagreement were clarified through consensus by re-
examining the relevant studies and engaging in comparative discussion. This process was conducted in
accordance with the principles of transparency and reliability recommended in descriptive content analysis.

2.4. Research Ethics

This study is a systematic review and document analysis based on the examination of published scientific
documents. Since no data were collected directly from human participants, no process requiring ethics
committee approval was conducted.

3. Findings
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In this section, the findings obtained from the 25 articles examined are presented under three main themes in
accordance with descriptive content analysis: (1) sample characteristics of the studies, (2) types of digital tools
used and their pedagogical roles, and (3) factors facilitating and hindering digital tool integration. Each theme is
visualized through the relevant tables, and the findings presented in the tables are supported by explanatory
statements.

In this section of the study, the data obtained from the articles examined are presented in tables. Table 2
presents the distribution of the studies by educational level and their corresponding sources. Since some studies
addressed more than one digital tool or pedagogical area of use, the same study was coded under more than one
category. Therefore, the category frequencies do not represent the number of studies, but rather the frequency
with which the relevant themes appear across the studies.

Table 2. Distribution of Studies by Educational Level and Sources

Target Group f Included Studies
Primary school Aksan Kilicaslan et al. (2022), Tas et al. (2021), Demir & Bozkurt (2011), Agic &
Y 8 Korkmaz (2022), Fjerestad & Xenofontos (2025), Song et al. (2025), Ozbey &

mathematics teachers Ozmantar (2024), Vaillant et al. (2021)

High school 7 Arhin et al. (2024), Ozdemir & Erduran (2019), Ince-Muslu & Erduran (2021),
mathematics teachers Orman & Sevgi (2024), Alan et al. (2021), Porn et al. (2024), Yao & Zhao (2022)
Pre-service 6 Ozpmar (2017), Aldemir Engin (2023), Yildiz Durak & Karaoglan Yilmaz (2019),
mathematics teachers Lee et al. (2024), Dockendorff & Gomez Zaccarelli (2024), Chananil et al. (2025)
Other / Mixed Secondary (middle school + high school): Joshi et al. (2023); Student: Oztop & Bulug

4 (2022); Higher education: Cirneanu & Moldoveanu (2024); Review: Yiiksel et al.
reference groups

(2016)

Total 25

Note. f = frequency.

According to Table 2, the highest proportion of studies, at 32%, involved primary school mathematics
teachers. This was followed by high school mathematics teachers at 28% and pre-service mathematics teachers
at 24%. The remaining 16%, categorized as other or mixed reference groups, included teacher, student, and
academic samples from different educational levels. Table 2 indicates that the studies were conducted
predominantly with primary and high school mathematics teachers. This finding suggests that applications
related to the use of digital tools are particularly concentrated at the basic education levels and that the research
has largely been teacher-oriented. To present the studies in a more systematic and readable manner in the
subsequent tables, a coding system was used. Accordingly, national studies were coded as Ul-Ul4, while
international studies were coded as UA1-UA11, with the codes assigned according to the order of the studies
presented in Table 1.

Following the distribution by educational level, the categories in which the digital tools used in the studies
were concentrated were examined. The codes obtained were classified according to similarities and content
characteristics and integrated into three main themes. These themes encompass the types of digital tools, their
purposes of use, and the factors affecting the integration process. In this way, the findings could be presented in
a more organized and comparable manner. The distributions according to digital tool categories are presented in
Table 3.

Table 3. Distributions by Digital Tool Categories

Digital Tools f %  Included Tools Included Studies

Hardware-based Interactive whiteboard, smartboard, projector, U1, U4, US, U7, U8, U9, U10, U11, Ul12,

technologies 19 76 computer, laptop, tablet, graphics tablet, Ul13, Ul4, UA1, UA2, UA3, UA6, UA7,
& smartphone, Ozobot UA9, UA10, UA11

Software-based geﬁg&brj‘ﬁ CaEt)’(“ (13%)é§4§4TL1AB/ Simulink, ;) 112, U4, Us, Us, U9, U10, U1, U12,

te(;h:lv(?loe ieasse I 84 N?atherr?ati(széi SSreaEcth ,Moa?ei;laker Ul3, Ul4, UAL, UA2, UA3, UA4, UAG,
& : ’ » VIOV : UA7, UAS, UA9, UA10, UAI1

GoAnimate, Draw Your Game

Web/Internet- Zoom, EBA, Google Classroom, Moodle, Ul, U2, U3, U4, U5, U6, U7, U8, U9,

based 2% 96 Microsoft Teams/OneDrive, Kikora, PAM, U10,Ul11, U12,U13, U14, UA1, UA2,

technologies Google Forms, Kahoot, Quizizz, Jamboard, UA3, UA4, UA5, UA6, UAS, UA9,

YouTube/educational videos UA10, UA11

Note. = frequency; % = percentage. Study codes (U1, U2, ...) are used to present the table in a more readable format.
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According to Table 3, the most frequently used category of digital tools in the studies is web/internet-based
technologies, with a rate of 96%. Within this category, online instructional platforms such as Zoom, EBA,
Google Classroom, Moodle, Forms, Kahoot, and Quizizz are particularly prominent. Software-based
technologies account for 84% and include programs such as GeoGebra, Cabri, MATLAB, and Scratchlr,
whereas hardware-based technologies, representing 76%, consist of interactive whiteboards, tablets, computers,
and smart devices. The distribution of digital tool categories indicates that web-based technologies have become
dominant in mathematics education, while hardware-based tools constitute the fundamental infrastructure of the
instructional process. The higher prevalence of web/internet-based technologies may be associated with their
ease of access, their being mostly free or low-cost, their compatibility with different devices, and their easy
integration into both remote and face-to-face teaching processes. In addition, the widespread adoption of online
learning platforms after COVID-19 and the increasing use of learning management systems in educational
processes may also be considered important factors explaining the more frequent inclusion of these tools in the
studies. Following this distribution of digital tool types, the pedagogical purposes for which these tools are used
in the instructional process are examined in Table 4.

Table 4. Pedagogical Uses of Digital Tools and Reasons for Their Preference

Area of Prominent Reason for . .
Application f ” Example Tools Preference Explanation Included Studies
Presenting
abstract Ul, U4, US, Ue, U7, U9,
Concept GeoGebra, Cabri, Visualization of concepts U10, Ul1, U12, U13, Ul4,
teaching / 22 83 MATLAB, through UAI1, UA2, UA3, UA4,
visualization ScratchlJr concepts concrete and UAS5, UA6, UA7, UAS,
multiple UA9, UA10, UA11
representations
Rapid
Problem . asspe)ssment Ul, U4, U9, U10, Ul1,
solving / 16 64 Excel, MATLAB, Ease of time material ? Ul12, UAL, UA2, UA3,
modelling Python, GeoGebra management sharing, and UA4, UA6, UA7, UAS,
e UA9, UA10, UA11
planning
Interaction, Kahoot, Draw Your Gamification U1, Uz, U5, U6, Ull, Ul2,
o Student . Ul13,U14, UAI1, UA3,
motivation / 15 60 Game, Ozobot, .. and nteractive
. . . motivation UAS, UA6, UA7, UAS,
gamification MovieMaker content
UA10
Formative Google Forms, Quizzes/forms, Ul, U4, U7, U8, U9, U10,
assessment / 18 72 Quizizz, Kikora Assessment and nstant Ul1, U12,U13, UA1, UA3,
feedback PAM i i feedback feedt.)ac]f, and UA4, UAS5, UA6, UAS,
monitoring UA9, UA10, UAT1
Individualized . s Access to open Ul, U4,Ul11,Ul12, UAL,
learning / 13 52 i}{‘gg;gﬁfﬁi’*’ g.:;el;slli?lmy and ondfreeweb-  UA3, UA4, UAS, UAG,
differentiation y based resources  UAS8, UA9, UA10, UA11

Note. = frequency; % = percentage. Study codes (U1, U2, ...) are used to present the table in a more readable format.

According to Table 4, the most frequently reported area of digital tool use is concept teaching and
visualization, accounting for 88%. This is followed by formative assessment and feedback at 72%, problem
solving and modelling at 64%, interaction and motivation/gamification at 60%, and individualized
learning/differentiation at 52%. The most commonly used tools include GeoGebra, Cabri, MATLAB, Scratchlr,
Excel, Kahoot, Google Forms, and EBA. These findings indicate that digital tools are used not only for
information delivery, but also for a range of pedagogical functions such as multiple representations, modelling,
immediate feedback, and gamification. Nevertheless, the limited use of practices involving active production and
student-led instruction is noteworthy. Following the identification of the purposes for which digital tools are
used, the themes related to the factors facilitating and hindering their use are analyzed in Table 5.

Table 5. Themes related to factors supporting and hindering digital tool integration

Factor Theme f %  Description Included Studies
Type
Professional development E;f\fitézet-rt;?rslier(li/ . U4, U7, U9, U10, Ull, U12, U13,
iraining P 1768 ipicctspeei ﬁ% UA2, UA3, UA4, UAS, UA6, UA7,
TPACK UAS, UA9, UA10, UA11
Supporting  Administrative/institutional 15 60  School policy, time and U7, U9, U10, U11, U13, UAIL, UA2,
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Factor Theme f %  Description Included Studies
Type
support resource allocation UA3, UA4, UAS, UA6, UAS, UA9,
UA10, UA11
Positive attitude and self- Openness to Us, U6, U7, U8, U10, Ul1,U12,
efficac 18 72 technology, willingness Ul13, UAL, UA3, UA4, UA6, UA7,
y to experiment UAS, UA9, UA10, UA11, UA2
Material Open-source Ul, U4, U8, U9, Ul1, Ul4, UAI,
diversity/a ibilit 1664 I ; itories and sharin, UA2, UA3, UA4, UAS, UAG, UAS,
versity/access y epositories s g UA9, UAL0, UAT1
Technical Hardware, connectivity, U4, U7, U9, U10, U11, U13, Ul4,
infrastructure/access 18 72 maintenance/technical UAI1, UA2, UA3, UA4, UAS, UA6,
problems support UA7, UAS, UA9, UA10, UA1l
Plannine and lesson- U4, U7,U10, Ul1,Ul13, Ul4, UA1,
Time constraints 14 56 . & UA2, UA3, UA4, UA6, UA7, UA9,
time pressures
. . UA10
Hindering Lack of pedagogical Tools being limited to U7, U10, Ull, U13, U14, UA2,
Ol pedagog 13 52 oosbems UA4, UAS, UAG, UAS, UA9, UAIO,
planning passive’ use UAILL
Ethical/privacy concerns ] 3 Data security, UAS, UA6, UAS, UA9, UA11, UA2,

(AD)

transparency

UA3, UA4

Note. f = frequency; % = percentage. Study codes (U1, U2, ...) are used to present the table in a more readable format.

According to Table 5, the main factors supporting digital tool integration include positive attitudes and self-
efficacy at 72%, professional development training at 68%, material diversity and accessibility at 64%, and
administrative support at 60%. The factors hindering integration were identified as technical infrastructure and
access problems at 72%, time constraints at 56%, lack of pedagogical planning at 52%, and ethical/privacy
concerns at 32%. As shown in Table 5, the factors supporting and hindering digital tool integration vary at both
the individual level (self-efficacy, attitudes) and the environmental level (infrastructure, administrative support).
This indicates that the use of digital tools is not merely a technical issue, but rather a multidimensional
pedagogical and institutional process.

4. Discussion and Conclusion

The findings of the study indicate that, although the use of digital tools in mathematics teaching has become
increasingly widespread, effective technology integration depends more on how these tools are integrated for
pedagogical purposes than on the type of tool used. The national and international studies examined converge on
the view that digital tools have the potential to support conceptual learning, problem solving, visualization, and
student interaction; however, this potential is not always fully reflected in instructional processes. Particularly
when evaluated within the TPACK framework, it is understood that the integrated use of technology with
pedagogical and content knowledge is the key determinant of effective integration, and that technical
infrastructure alone is not sufficient. This situation demonstrates that digital transformation in mathematics
teaching should be addressed not only as a technological process, but also as a pedagogical and institutional
transformation process.

Within this general framework, the main findings of the study are discussed below comparatively with the
studies in the literature. The findings show that the use of digital tools in mathematics teaching has rapidly
become widespread; however, the potential of these tools has remained largely limited by the pedagogical
context. Especially following COVID-19, with online learning environments becoming compulsory, digital tools
have been adopted at different levels by teachers, pre-service teachers, and students (Alan et al., 2021; Yiiksel et
al., 2016). This situation indicates that digitalization has created not only a technological transition, but also a
fundamental transformation in the understanding of teaching.

As shown in Table 2, a large proportion of the studies were conducted with primary school and high school
mathematics teachers, and focused on the integration of digital tools into classroom practices within these
groups. The greater number of studies focusing on primary school mathematics teachers may be associated with
the high need to concretize abstract concepts at this educational level. It has been stated that digital tools support
learning by enhancing visualization and interaction, and that materials and digital support improve conceptual
understanding (Bozkurt & Akalin, 2015).

The studies revealed that digital tools were classified into three main categories: hardware-based
technologies, software-based technologies, and web-based technologies (Table 3). While hardware-based tools
such as interactive whiteboards, tablets, and computers provide teachers with opportunities to visualize the flow
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of the lesson and increase student participation, software applications such as GeoGebra, MATLAB, Scratchlr,
and Z-Kitap have facilitated the concretization of abstract concepts. Web-based tools (Zoom, EBA, Google
Classroom, Kahoot, etc.) have made instructional processes sustainable, particularly during the distance
education period. However, according to the content analysis, these tools are mostly used in teacher-centered,
presentation-supported forms, while students’ active producer role remains limited. The prominent position of
web-based tools in this study is consistent with the trends observed in post-pandemic educational research (Joshi
et al., 2023; Yao & Zhao, 2022). However, the limited use of software-based tools suggests that teachers’
competencies in mathematical software still remain open to development. This situation supports the need for the
“integration of technological knowledge and pedagogical knowledge” emphasized in the TPACK literature.

Nevertheless, the lower frequency of software-based tool use compared with some international studies is
considered to stem from differences in the educational levels at which the studies were conducted, countries’
technological infrastructures, teachers’ professional experience, and in-service training opportunities. Similarly,
the greater presence of artificial intelligence-supported systems and adaptive learning platforms in international
studies may be explained by the earlier and more comprehensive implementation of digital transformation
policies and investments in educational technologies in these countries.

From the perspective of mathematics teachers, the findings show that digital tools are used effectively
particularly in the areas of concept teaching, problem solving, and modelling (Table 4). While software such as
GeoGebra and MATLAB supports conceptual learning, tools such as Kahoot and Google Forms facilitate
formative assessment. Nevertheless, it is observed that teachers often use digital tools as a technical support
element and that the technology—pedagogy—content interaction envisaged by the TPACK model is not always
achieved (Demir & Bozkurt, 2011; Ozdemir & Erduran, 2019). This situation indicates that digital tools should
be considered not merely as a means of transmission, but as a pedagogical component that transforms learning.

When evaluated in terms of the TPACK model, it is understood that teachers’ possession of technological
knowledge alone is not sufficient; integrating these technologies into the teaching process by combining them
with pedagogical strategies and mathematics content knowledge is a fundamental condition for effective
technology use. This finding supports the proposition of the TPACK model that the integrated use of technology,
pedagogy, and content knowledge is a key determinant of effective technology integration in mathematics
teaching. The intensive use of digital tools for concept teaching, visualization, and assessment purposes is
similar to international studies examining GeoGebra, ScratchlJr, and assessment applications (Fjarestad &
Xenofontos, 2025; Lee et al., 2024). However, the limited extent of student-centered production, collaboration,
and modelling processes is consistent with the “passive use pattern” previously identified in the literature (Alan
et al., 2021). This situation demonstrates that the pedagogical potential of digital tools cannot be fully realized
because technology, pedagogy, and content knowledge are not holistically integrated into instructional design.
These findings offer important implications not only for in-service teachers, but also for the education of pre-
service teachers as future teachers.

Studies conducted with pre-service mathematics teachers have found that digital storytelling (Ozpnar, 2017),
gamification (Aldemir Engin, 2023; Yildiz Durak & Karaoglan Yilmaz, 2019), and coding tools (Lee et al.,
2024) increase pre-service teachers’ creativity, collaboration, and self-confidence toward technology. However,
most of these experiences have remained limited to short-term and project-based practices. This result points to
the need to increase discipline-specific digital pedagogical courses in teacher education programs and to expand
practice-oriented TPACK-based activities. In addition, internship-based digital practice models that enable pre-
service teachers to use hardware- and software-based tools holistically in their lesson designs appear to be
gaining importance.

The emphasis placed on technical and institutional barriers in many national studies (Ince-Muslu & Erduran,
2021) indicates that digital transformation is closely related not only to teacher competencies but also to the
school ecosystem. In international studies, administrative support and professional development are emphasized
as factors that positively affect integration (Arhin et al., 2024; Dockendorff & Gomez Zaccarelli, 2024). In this
context, it can be stated that the integration process has a multilayered structure. These differences between
national and international studies indicate that technology integration is influenced not only by individual teacher
competencies, but also by educational policies, school culture, digital infrastructure opportunities, and countries’
levels of investment in technology.

These findings are consistent with findings in the international literature indicating that digital tools have the
potential to transform teaching. However, as observed in many studies (Fjaerestad & Xenofontos, 2025; Lee et
al., 2024), technical competencies alone are not sufficient for effective integration; strengthening teachers’
knowledge and skills in pedagogical design is critically important.

Therefore, the permanent and effective use of digital tools in education requires not only investments in
technology but also the strengthening of pedagogical capacity. In conclusion, when the factors supporting and
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hindering digital tool integration (Table 5) are evaluated, positive attitudes, self-efficacy, professional
development, and institutional support facilitate integration, whereas technical infrastructure problems,
insufficient time, and lack of pedagogical planning make the process more difficult. These findings reveal the
importance of three fundamental components for the effective use of digital tools in education: (1) developing
teachers’ digital pedagogical competencies, (2) strengthening institutional and infrastructural support, and (3)
promoting pedagogical designs in which technology is meaningfully aligned with learning objectives. In
conclusion, the key to high-quality mathematics teaching in the digital age is to educate teachers not as “tool
users,” but as “learning designers.”

5. Recommendations

In line with the findings obtained in this study, digital tools were found to assume a wide range of
pedagogical roles in mathematics teaching; however, the integration process was influenced by technical,
pedagogical, and institutional factors. Therefore, the recommendations were structured separately for
researchers, practitioners, and policymakers so as to directly reflect the findings of the study.

Recommendations for researchers:

* It is recommended that comprehensive meta-analysis studies be conducted in which national and
international research on the use of digital tools in mathematics teaching is examined comparatively. In this
way, the similarities and differences between practices in Tiirkiye and global trends can be identified.

» Examining the use of digital tools not only in mathematics teaching but also in different disciplines such as
science, social sciences, and language education may contribute to the development of interdisciplinary
digital pedagogical models.

* It is recommended that the number of experimental and quasi-experimental studies measuring the effects of
digital tools on mathematical thinking, conceptual understanding, and problem-solving processes be
increased. In addition, conducting mixed-method studies comparing the pedagogical effects of software-
based tools and web-based tools will contribute to addressing gaps in the literature. Longitudinal studies
focusing on teacher and student profiles at different educational levels may reveal how changes in the use of
digital tools develop over time.

* It is recommended that the number of experimental or action research studies examining in depth the
contributions of hardware-based, software-based, and web-based technologies (e.g., GeoGebra, Kahoot,
MATLAB, EBA) to the instructional process be increased.

» Mixed-method data collection processes should be expanded in order to gain an in-depth understanding of
mathematics teachers’, preservice teachers’, and students’ perceptions, attitudes, and competencies
regarding digital tools.

Recommendations for practitioners:

It is recommended that practice-based professional development programs be designed for teachers to
support the use of digital tools not only during presentation and assessment stages but also in higher-order
cognitive processes such as problem posing, modelling, data analysis, and collaborative learning. In
particular, providing teachers with classroom implementation examples for integrating software such as
GeoGebra, MATLAB, ScratchJr, and similar tools into lesson designs will contribute to overcoming
patterns of passive use. School-based professional learning communities should be established to encourage
teachers to share their digital pedagogical experiences.

* It is recommended that TPACK-based practical courses for preservice mathematics teachers be supported
with innovative teaching methods such as digital storytelling and gamification.

» Examining factors such as infrastructure, access, and time constraints that limit the effective use of digital
tools comparatively across different regions will contribute to the development of policy and investment
plans.

» Expanding continuous professional development, online sharing communities, and practice-based workshops
for mathematics teachers will support the sustainable development of digital pedagogical competencies.

Recommendations for policymakers:

* Investment plans should be developed to reduce differences in digital infrastructure among schools, and in-
service training programs should be restructured to develop subject-specific digital pedagogical
competencies. Updating mathematics curricula with learning outcomes and sample activities that support
the use of digital tools will contribute to enabling teachers to implement technology integration
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systematically. In addition, it is important to develop national guidelines for the safe, ethical, and
pedagogically appropriate use of artificial intelligence and adaptive learning systems.

The main limitation of this study is that it is based solely on document analysis and is limited by the number
of studies included in the review. Future research is recommended to include qualitative studies that examine
teacher and student views in depth, as well as experimental designs measuring the effects of digital tools. In
addition, comparing integration models across different countries would be useful for revealing cultural and
structural differences related to the use of digital tools in greater detail.
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Matematik Ogretmenlerinin Ogretim Siireclerinde Dijital Ara¢ Kullamimina Yénelik Ulusal ve
Uluslararasi Arastirmalarin incelenmesi: Bir Alanyazi Taramasi

1. Giris

Etkili matematik 6gretimi, 0grencilerin soyut kavramlart yalnizca ezberlemelerini degil, bu kavramlari
anlamlandirarak zihinsel olarak yapilandirmalarini gerektirmektedir. Bu siiregte Ogretim materyallerinin
kullanimi, soyut matematiksel kavramlarin somutlagtirilmasi ve 6grencilerin bilissel yapilandirma siireglerine
aktif bicimde katilmalarmin saglanmasi agisindan &nemli bir bilesendir (Bozkurt & Akalin, 2015). Ogretim
materyalleri, 6grencilerin pasif bilgi alicilart olmaktan c¢ikarak anlamli 6grenme siirecine etkin bigimde
katilmalarini kolaylastirmakta ve zihinsel etkinlikleri destekleyerek 6grenmenin kaliciligina katki saglamaktadir.
Boylece matematik 0gretimi yalnizca bilgi aktarimina dayali bir siire¢ olmaktan g¢ikarak, yapilandirmact bir
anlayis dogrultusunda 6grenmeye rehberlik eden bir siirece doniismektedir.

Dijital ¢agla birlikte 6grenme—6gretme ortamlarinda kullanilan araglarin niteligi ve islevi dnemli olgiide
degismistir. Dinamik geometri yazilimlari, simiilasyonlar, artirilmis gerceklik uygulamalari ve web tabanl
platformlar; matematik O0gretiminde kavram yanilgilarmin fark edilmesini, hipotez gelistirilmesini ve g¢oklu
temsiller araciligiyla anlam olusturulmasini destekleyen araclar haline gelmistir (Yiiksel vd., 2016). Bu
teknolojiler ayni1 zamanda 6grencilerin aktif katilimini, matematik yapmaya yonelik ilgi ve giivenlerini, igbirlikli
ogrenmeyi ve 6grenmenin simf digma tasan siirekliligini desteklemektedir (Oztop & Bulug, 2022). Bununla
birlikte matematigin soyut dogasi ve dnceki olumsuz 6grenme deneyimlerine dayali 6nyargilar dgrencilerde
isteksizlik ve kaygiya yol acabilmektedir (Hacioglu Seven & Eriimit, 2025). Dolayisiyla dijital araclarin
O6grenme ortamlarinda bulunmasi tek basina yeterli olmamakta; O6gretmenlerin bu araglari igerik, 6grenci
Ozellikleri ve pedagojik amaglarla uyumlu bigimde kullanabilmeleri 6nem kazanmaktadir. Bu baglamda temel
sorun, yalnizca dijital araglarin kullanilip kullanilmamasi degil, s6z konusu araglarin hangi amaglarla, nasil ve
hangi pedagojik roller dogrultusunda 6gretim siirecine entegre edildigidir.

Teknolojinin matematik 6gretimiyle anlamli bigimde biitiinlestirilmesi, dgretmenlerin teknoloji bilgisinin
pedagojik ve alan bilgisiyle birlikte ele alinmasini gerektirmektedir. Shulman’in (1986) Pedagojik Alan Bilgisi
(PAB) vyaklagimi, Ogretmenin alan bilgisini 6grencinin diizeyi ve Ogretim baglamma gore yeniden
yapilandirmasini; ¢oklu temsiller, analojiler ve Ogretim stratejileri araciligiyla anlami zenginlestirmesini
vurgulamaktadir. Dijital cagda bu yaklasim, teknoloji bilgisinin pedagojik ve igerik bilgisiyle biitlinlestirildigi
Teknolojik Pedagojik Alan Bilgisi (TPAB) modeline genislemistir (Demir & Bozkurt, 2011; Ozdemir &
Erduran, 2019). TPAB, teknolojiyi yalnizca kullanmaya degil, teknolojiyi icerik ve pedagojik amaglarla anlamli
bi¢cimde biitiinlestirmeye odaklanmaktadir. Bu dogrultuda dinamik geometri yazilimlarinin, hesaplama ve
modelleme araglarinin, video ve simiilasyon uygulamalarinin ve g¢evrim igi platformlarin 6gretim igerigi ve
pedagojik amaglarla uyumlu bigimde kullanilmasi énem tagimaktadir. Enstriimantal Orkestrasyon yaklasimi da
Ogretmenin teknolojiyi pedagojik senaryolar dogrultusunda yapilandirmasimi ve smif igi diizenlemeler
araciligryla 6grenci etkilesimini desteklemesini 6ne ¢ikarmaktadir (Alan vd., 2021).

Bu arastirmada TPAB ve Enstriimantal Orkestrasyon yaklasimlari yalnizca kuramsal bir temel olarak degil,
ayni zamanda incelenen ¢aligmalarin ¢oziimlenmesinde kavramsal bir rehber olarak ele alinmistir. Dijital
araglarin tiirleri, 6gretim siirecindeki pedagojik kullanim amaglar ile teknoloji entegrasyonunu destekleyen ve
engelleyen etmenler bu yaklagimlarin temel bilesenleri dogrultusunda degerlendirilmistir. Boylece dijital
teknoloji kullanim1 yalnizca hangi araglarin tercih edildigi acisindan degil, s6z konusu araclarin 6gretim siirecine
nasil entegre edildigi acisindan da incelenmistir. Bu yaklasim, arastirma sorularmin da teknoloji, pedagoji ve
alan bilgisinin biitiinlesik yapisini dikkate alacak bigimde olusturulmasina temel saglamaktadir.

Matematik 6gretiminde kullanilan dijital araglar farkli teknik 6zelliklere ve pedagojik islevlere sahip olmakla
birlikte, bu arastirmada donanimsal teknolojiler, yazilim tabanli teknolojiler ve web/internet tabanli teknolojiler
olmak {izere ii¢ temel kategori altinda ele alinmistir. Egitimde kullanilan dijital araglar; etkilegimli tahta, tablet
ve bilgisayar gibi donanimsal araglardan GeoGebra gibi yazilimlara ve Kahoot, EBA, Google Classroom ile
Zoom gibi web tabanli platformlara kadar genis bir ¢esitlilik gostermektedir (Nayiroglu & Tutak, 2024).
Etkilesimli tahta, tablet, grafik tablet ve bilgisayar gibi donanimsal teknolojiler, dijital igeriklerin
olusturulmasini, etkilesimli uygulamalarin yiriitiilmesini ve 6grenci katiliminin artirtlmasii desteklemektedir
(Demircioglu Diren & Horzum, 2023). Ogretmenlerin dijital araglar1 pedagojik amaglarla etkili bigimde segme,
uygulama ve degerlendirme yeterlikleri, dijital teknolojilerin 6gretim siirecine anlamli bigimde entegre
edilmesinde dnemli bir unsur olarak ele alinmaktadir (Redecker, 2017). Benzer bigimde, dgretmenlerin dijital
yeterliklerinin gelismesi, teknolojilerin 6grenme siireclerine entegrasyonunu kolaylagtirmakta ve &grencilerin
dijital cagin gerektirdigi becerileri kazanmalarina katki saglamaktadir (Toker vd., 2021). GeoGebra, Cabri,
MATLAB ve benzeri yazilim tabanli teknolojiler ise kavramsal anlamay1, matematiksel akil yiiriitmeyi, problem
¢ozmeyi, modellemeyi ve ¢oklu temsil kullanimini destekleyen araglar olarak ele alinmaktadir (Karaarslan vd.,
2013). Zoom, EBA, Google Classroom, Moodle, Kahoot ve Quizizz gibi web tabanli araglar ise etkilesim,
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bicimlendirici degerlendirme, ¢evrim i¢i is birligi ve geri bildirim siireglerinde kullanilmaktadir (Bicer &
Tekinarslan, 2023). Egitimde dijitallesme ayn1 zamanda §grenme materyallerine zaman ve mekandan bagimsiz
erisimi destekleyerek 6grenme siireglerinin daha esnek ve siirdiiriilebilir hile gelmesine katki saglamaktadir
(Siirer, 2020). Bu aragtirmada kullanilan {i¢li simiflandirma, dijital araglarin teknik ozellikleri ve Ogretim
stireglerindeki kullanim bigimlerinin yan1 sira TPAB ve Enstriimantal Orkestrasyon yaklagimlarindan hareketle
olusturulmus; o6zellikle teknolojik araglarin pedagojik amaglar dogrultusunda diizenlenmesine iligkin
Enstriimantal Orkestrasyon yaklagimi bu smiflandirmanin  kavramsal dayanaklarindan biri  olarak
degerlendirilmistir (Trouche, 2004). Boylece s6z konusu siiflandirma, aragtirmanin kodlama ve tema yapisina
rehberlik etmistir.

Dijital teknolojilerin dgretim siireclerindeki goriiniirliigli, pandemiyle hizlanan dijital doniisiimle birlikte
daha da artmis; bu siire¢ yalnizca materyallerin dijitallesmesini degil, 6gretimin yeniden tasarlanmasini da
giindeme getirmistir. Bu durum, 6gretmenlerin inanglarini, dijital yeterliklerini ve pedagojik yaklagimlarini
teknoloji entegrasyonunun onemli bilesenleri haline getirmistir (Aksan Kiligaslan vd., 2022). Dijital dykiileme
gibi uygulamalarin biligsel ve duyussal 6grenmeyi birlikte destekleyebilmesi de dijital teknolojilerin yalnizca
teknik araglar olarak degil, pedagojik islevleri bakimindan degerlendirilmesi gerektigini gostermektedir
(Ozprmar, 2017).

Bu dogrultuda ulusal ¢alismalar incelendiginde matematik 6gretiminde dijital ara¢ kullaniminin web/internet
tabanli teknolojiler, matematik yazilimlari, dijital materyal gelistirme, oyunlastirma ve teknoloji entegrasyonu
temalarinda yogunlastigi goriilmektedir. Aksan Kiligaslan vd. (2022), 6gretmenlerin Zoom, Z-Kitap, GeoGebra,
Kahoot, arama motorlar1 ve egitsel videolar gibi farkli araglardan yararlandiklarmi; Tas vd. (2021) ise ortaokul
matematik dgretmenlerinin etkilesimli tahtalari derslerde gorsellestirmeyi desteklemek ve dgrencilerin ilgi ve
dikkatini artirmak amaciyla kullandiklarini bildirmistir. Yiiksel vd. (2016), dijital araglarin gorsellestirme,
modelleme ve motivasyona katki sagladigini, ancak erisim, teknik destek ve pedagojik yeterlik eksikliklerinin
entegrasyonu sinirlandirabildigini ortaya koymustur. Alan vd. (2021) tarafindan elde edilen bulgular da akilli
tahta, projeksiyon, GeoGebra ve EBA gibi araclarin kullanilmasina karsin kullanimin ¢ogunlukla yansitma ve
video gdsterimi gibi pasif diizeylerde kalabildigini gdstermektedir. Ozbey ve Ozmantar (2024) ise 6gretmenlerin
dijital arac secimlerinde diizeye uygunluk, zaman etkinligi, kavramsal dogruluk, kullanim kolaylig1 ve etkilesim
gibi dlciitleri dikkate aldiklarini; karmasiklik ve teknik sorunlarin tercihleri sinirlandirabildigini belirtmistir.

Ulusal ¢alismalarda dijital materyal gelistirme ve oyunlastirmaya iliskin bulgular da benzer bigimde
pedagojik olanaklarla teknik smirliliklarn birlikte ele almmasi gerektigini gdstermektedir. Ozpmar (2017),
Aldemir Engin (2023) ile Yildiz Durak ve Karaoglan Yilmaz (2019), dijital dykiileme ve oyun tasarlama
uygulamalarinin katilim, motivasyon, problem ¢6zme, yaraticilik ve teknoloji yeterligini destekledigini; ancak
teknik giicliiklerin 6gretim siirecini sinirlandirabildigini ortaya koymustur. Teknoloji entegrasyonunu TPAB
cergevesinde ele alan arastirmalarda ise mesleki gelisim, 6gretmen inanglari, dijital beceriler, 6z giliven, egitim,
teknik altyap1 ve ydnetim destegi 6ne ¢ikan etmenlerdir (Agic & Korkmaz, 2022; Demir & Bozkurt, 2011; Ince-
Muslu & Erduran, 2021; Orman & Sevgi, 2024; Ozdemir & Erduran, 2019; Oztop & Bulug, 2022). Bu
calismalar birlikte degerlendirildiginde, ulusal alanyazinda dijital araclarin kavramsal 6grenme, gorsellestirme,
problem ¢ézme ve 6grenci motivasyonu agisindan 6nemli olanaklar sundugu; ancak etkili kullanimin yalnizca
teknolojik araclarin varligiyla degil, 6gretmenlerin pedagojik yeterlikleri ve entegrasyonu destekleyen kosullarla
iligkili oldugu goriilmektedir.

Uluslararasi alanyazinda da benzer temalar 6ne ¢ikmaktadir. Fjerestad ve Xenofontos (2025), dijital araglarin
bireysellestirilmis 6grenme, motivasyon ve gorsellestirmeyi destekledigini; buna karsilik dikkat dagmikligi,
yiizeysel 6grenme ve teknolojiye asir1 bagimlilik gibi siirhiliklar olusturabildigini belirtmistir. Joshi vd. (2023)
ve Vaillant vd. (2021), dijital platformlarin 6gretim ve degerlendirme siireglerini destekledigini; ancak igerik
iiretimi, baglant1 ve teknik destek sorunlarinin entegrasyonu smirlayabildigini ortaya koymustur. Bu sonuglar,
ulusal calismalarda erisilebilirlik, teknik altyapr ve pedagojik destek gereksinimine iliskin ulasilan sonuglarla
biiyiik ol¢iide ortlismektedir.

Matematik yazilimlarinin kavramsal 6grenme ve problem ¢dzmedeki roliinii ele alan uluslararasi arastirmalar
da teknoloji entegrasyonunun yalnizca teknik beceriyle aciklanamayacagini gostermektedir. Cirneanu ve
Moldoveanu (2024), MATLAB, Simulink, SolidWorks ve Python gibi araclarin simiilasyon, modelleme, analitik
disiinme ve problem ¢ozmeyi destekledigini; altyapt ve yazilim kullanim becerilerinin ise entegrasyonu
smirlayabildigini belirtmistir. Dockendorff ve Gomez Zaccarelli (2024), teknoloji entegrasyonunun TPAB ile
desteklenmesinin Onemini vurgularken; Yao ve Zhao (2022), dgretmenlerin teknoloji kullaniminin yas ve
deneyim gibi degiskenlere gore farklilagabildigini gostermistir. Oyunlagtirma ve kodlamaya iliskin ¢aligmalarda
da teknoloji kullanim becerileri ve 6grenme siireglerine yonelik olumlu sonuglarla birlikte teknik giigliikler ve
zaman kisitlar1 rapor edilmistir (Chananil vd., 2025; Lee vd., 2024). Bunun yaninda uluslararasi arastirmalarda
yapay zeka destekli sistemler, etik ve veri gizliligi gibi giincel konularin da ele alindig1 goriilmektedir (Porn vd.,
2024; Song vd., 2025). Arhin vd. (2024) ise dijital araglarin yararli goriilmesine ragmen teknik altyap1 ve hizmet
ici egitim eksikliklerinin entegrasyonu sinirlandirabildigini ortaya koymustur.
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Ulusal ve uluslararasi g¢aligmalar birlikte degerlendirildiginde, dijital araglarin matematik Ogretiminde
kavramsal 6grenme, problem ¢ozme, gorsellestirme, motivasyon, etkilesim ve bireysellestirilmis 6grenmeyi
destekledigi yoniinde ortak bir egilim bulunmaktadir. Bununla birlikte s6z konusu katkilarin yalnizca kullanilan
teknolojinin tiiriine bagli olmadigi; 6gretmenlerin TPAB yeterlikleri, pedagojik planlama becerileri, mesleki
gelisim olanaklari, teknik altyapi ve kurumsal destekle yakindan iligkili oldugu goriilmektedir. Uluslararasi
calismalarin yapay zeka, dijital 6grenme ekosistemleri, etik ve veri giivenligi gibi daha giincel dijital doniisiim
alanlarina yoneldigi; ulusal ¢aligmalarin ise 6gretmen yeterlikleri, GeoGebra kullanim1 ve teknoloji entegrasyonu
iizerinde daha fazla yogunlastigi anlasilmaktadir. Boylece iki alanyazimmin temel sorunlar bakimindan biiyiik
6l¢iide ortaklastigi, ancak ele alinan giincel teknoloji alanlar1 agisindan farklilasabildigi goriilmektedir.

Bununla birlikte mevcut alanyazinda 6nemli bir sinirlilik bulunmaktadir. Matematik 6gretiminde dijital arag
kullanimini ele alan ¢aligmalarin 6nemli bir boliimii belirli bir dijital araca, belirli bir 6rnekleme veya belirli bir
uygulama baglamina odaklanmaktadir. Bu nedenle dijital ara¢ tiirlerini, pedagojik kullanim alanlarmi ve
teknoloji entegrasyonunu destekleyen ya da engelleyen etmenleri birlikte ele alan; ayrica ulusal ve uluslararast
bulgular1 ayni cercevede karsilastiran giincel ve biitiinciil sentez ¢aligmalarmin smirli oldugu goriilmektedir.
Mevcut calismalarin dnemli ancak daginik bir bilgi birikimi sunmasi, 6gretmen yeterlikleri, pedagojik roller ve
teknoloji entegrasyonu siireclerine iliskin bulgularin ortak bir cercevede yeniden degerlendirilmesini gerekli
kilmaktadir.

Bu arastirma s6z konusu bosluktan hareketle ulusal ve uluslararasi ¢alismalart ayni analitik gergevede ele
almakta; matematik 6gretiminde kullanilan dijital araglar1 arag tiirleri, pedagojik kullanim amaglar1 ve teknoloji
entegrasyonunu destekleyen ya da engelleyen etmenler bakimindan birlikte degerlendirmektedir. Arastirmanin
kapsami 2011-2025 yillar1 arasinda yayimlanan ¢alismalarla smirlandirilmistir. Bu zaman araligi, matematik
egitiminde dijital araclarin ve teknoloji entegrasyonunun daha goriiniir ve yaygin hale geldigi glincel donemin
belirli ve karsilastirilabilir bir zaman aralig1 igerisinde incelenebilmesi amaciyla belirlenmistir. Bdylece yaklasik
son on bes yillik donemde dijital doniisiimiin matematik Ogretimine yansimalarinin ulusal ve uluslararasi
arastirmalar temelinde birlikte degerlendirilmesi amaglanmaktadir.

Bu dogrultuda arastirmanin amaci, 2011-2025 yillar1 arasinda yayimlanan ulusal ve uluslararasi arastirmalar
temelinde matematik 6gretiminde dijital ara¢ kullanimina iliskin egilimleri belirlemek, kullanilan dijital arag
tirlerini siniflandirmak, bu araglarin 6gretim siirecindeki pedagojik rollerini incelemek ve etkili teknoloji
entegrasyonunu destekleyen ya da engelleyen etmenleri ortaya koymaktir. Arastirmada TPAB modelinin
teknoloji, pedagoji ve alan bilgisinin biitiinlesik yapis1 esas alinarak dijital araglarin yalnizca hangi siklikla veya
hangi tiirlerde kullanildig1 degil, 6gretim siireglerine nasil entegre edildigi de dikkate alinmaktadir.

Arastirmanin 6zgiin katkisi, dijital araglarin matematik dgretimindeki yerini yalnizca arag tiirleri bakimindan
betimlemek yerine, ulusal ve uluslararasi aragtirmalarda ortaya ¢ikan bulgulart pedagojik kullanim amagclart ve
teknoloji entegrasyonunu etkileyen kosullarla birlikte degerlendirmesidir. Bu yoniiyle ¢alisma, alanyazinda farkli
arastirma baglamlarina dagilmis bulgular1 ortak temalar altinda biitlinlestirerek matematik 6gretiminde dijital
ara¢ kullanimina iliskin daha biitiinciil bir goriiniim sunmay1 amaglamaktadir. Elde edilen bulgularin 6gretmen
yetistirme programlarinin dijital pedagojik igeriklerinin yapilandirilmasi, hizmet i¢i egitim uygulamalarinin
gelistirilmesi ve okullardaki teknoloji entegrasyonu siireclerinin degerlendirilmesi agisindan katki saglamasi
beklenmektedir.

Bu amag dogrultusunda arastirmada asagidaki sorulara yanit aranmistir:
1. Matematik dgretmenlerinin egitim kademeleri ve en sik kullandiklar: dijital arag tiirleri nelerdir?
2. Bu araglar hangi amaglarla ve hangi pedagojik rollerle kullanilmaktadir?
3. Etkili teknoloji entegrasyonunu destekleyen ve engelleyen faktorler nelerdir?
2. Yontem
2.1. Aragtirma Deseni

Bu arastirma, nitel arastirma yaklagimi kapsaminda sistematik derleme yaklasimiyla yiiriitiilen bir dokiiman
incelemesi ¢aligmasidir. Sistematik derleme, belirli bir konuya iligkin alanyazindaki g¢alismalarin &nceden
belirlenen olciitlere gore sistematik bicimde seg¢ilmesi ve sentezlenmesini amaglayan bir arastirma yaklagimidir
(Xiao & Watson, 2019). Dokiiman incelemesi, arastirma kapsamindaki yazili materyallerin sistematik bigimde
incelenerek mevcut bilgi birikimini analiz etmeye ve belirli temalar altinda anlamlandirmaya yonelik bir
yontemdir (Yildinnm & Simsek, 2018). Dokiiman incelemesi siirecinde makaleler; amag, yontem, orneklem,
kullanilan dijital arag tiirleri ve ulasilan pedagojik sonuglar bakimindan sistematik kodlama semasina gore analiz
edilmistir. Dokiiman incelemesi, bu aragtirmanin amacima uygun olarak tercih edilmistir; ¢linkii dijital arag
kullanimma yonelik ulusal ve uluslararast ¢alismalarin sistematik bigimde ¢ozliimlenmesi, mevcut birikimin
biitiinciil olarak degerlendirilmesini gerektirmektedir. Bu desen, daginik halde bulunan aragtirma sonuglarini
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belirli temalar altinda karsilastirilabilir hle getirmekte ve matematik 6gretimindeki dijital ara¢ kullanimina
iliskin genel egilimleri ortaya koymaya olanak saglamaktadir.

Aragtirma kapsamina alinacak caligmalar, 6nceden belirlenen dahil etme ve dislama 6Slgiitleri dogrultusunda
belirlenmistir. Bu kapsamda yinelenen kayitlar, tam metnine erisilemeyen yayinlar, matematik 6gretimi veya
matematik 6gretmeni egitimi baglami disinda kalan c¢alismalar, dijital ara¢ kullanimini dogrudan incelemeyen
arastirmalar ile bildiri, tez, kitap bolimii ve hakem degerlendirmesinden ge¢memis yayinlar kapsam dist
birakilmistir. Yapilan eleme sonucunda, 2011-2025 yillar1 arasinda yayimlanan ve matematik 6gretiminde dijital
ara¢ kullanimi, teknoloji entegrasyonu veya Ogretmen yeterliklerini dogrudan ele alan 25 bilimsel makale
aragtirmanin nihai veri setini olusturmustur. Bu caligmalarin 14°G ulusal, 11°1 ise uluslararasi dergilerde
yayimmlanmigtir. Arastirmaya dahil edilen ¢aligmalarin dagilimi Tablo 1°de sunulmustur.

Tablo 1. Calismalarin Kategorisi

Kategori f Ilgili Arastirmalar

Aksan Kiligaslan vd., (2022); Ozpinar (2017); Oztop & Bulug, (2022); Tas vd. (2021);
Aldmeir Engin, (2023); Y1ldiz Durak & Karaoglan Yilmaz, (2019); Demir & Bozkurt,

Ulusal 14 (2011); Agig & Korkmaz, (2022); Yiiksel vd., (2016); Ozdemir & Erduran, (2019); Ince-
Muslu & Erduran, (2021); Orman & Sevgi, (2024); Alan vd., (2021); Ozbey & Ozmantar,
(2024)
Fjerestad & Xenofontos, (2025); Cirneanu & Moldoveanu, (2024); Joshi vd., (2023);
Uluslararasi 11 Dockendorff & Gomez Zaccarelli, (2024); Chananil vd., (2025); Arhin vd., (2024); Lee vd.,

(2024); Song vd., (2025); Pérn vd., (2024); Vaillant vd., (2021); Yao & Zhao, (2022)

Toplam 25

Not. f= frekans.

2.2. Veri Toplama Araglar
Veriler, 2025 yilinda Google Scholar, ERIC, Scopus, Web of Science, DergiPark Akademik ve TR Dizin veri

tabanlarinda yiiriitiilen tarama siireciyle toplanmistir. Bu siirecte “dijital araglar”, “matematik 6gretmenleri”,
“digital tools” ve “mathematics teachers” anahtar kelimeleri Tiirk¢e ve Ingilizce olarak kullamlmistir. Arama
stirecinde “ve (AND)” ve “veya (OR)” Boole operatorleri kullanilarak baglik, 6zet ve anahtar kelime taramasi
gerceklestirilmigtir. Veri tabanlarinda yalnizca hakemli dergilerde yayimlanan caligmalar filtrelenmis, tam
metnine erigsilemeyen yayinlar kapsam dist birakilmigtir. Bu ¢ok asamali tarama yaklasimi, arastirmanin

amaciyla dogrudan iligkili ¢aligmalarin sistematik bigimde belirlenmesini saglamistir.

Tarama sonuglari, sistematik derlemelerde c¢alismalarin belirlenmesi, taranmasi, uygunluk agisindan
degerlendirilmesi ve nihai olarak arastirmaya dahil edilmesi siireglerinin seffaf bicimde raporlanmasini saglayan
PRISMA 2020 gergevesi dogrultusunda degerlendirilmistir (Page vd., 2021). Tarama siirecinde yinelenen
kayitlar, tam metnine ulasilamayan ¢aligmalar, matematik 6gretimi veya matematik dgretmeni egitimi baglami
disinda yiiriitiilen aragtirmalar, dijital ara¢ kullanimini dogrudan incelemeyen calismalar ile bildiri, tez, kitap
bolimii ve hakem degerlendirmesinden ge¢gmemis yayimnlar dislanmistir. Belirlenen dahil etme 6lgiitlerini
kargilayan 25 makale arastirma kapsamina alinmigtir. Dahil etme Slgiitleri sunlardir:

* Matematik 6gretimi veya 6gretmen egitimi baglaminda yiiriitiilmiis olmasi,
« Dijital arag, yazilim veya platform kullanimini dogrudan incelemesi,

* Tiirkce veya yabanci dillerde yayimlanmis olmasi,

» Tam metin erisimine agik, hakemli dergilerde yer almasi.

Secilen her makale amag, 6rneklem, kullanilan araglar, yontem ve sonug¢ agisindan ayrintili bicimde analiz
edilerek arastirmanin veri setini olusturmustur.
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Veri tabanlari
Google Scholar (118)

Veri tabanlarinda belirlenen kayitlar ERIC (34)

& Scopus (42)
Toplam kayit = 291
oplam kay1 Web of Science (27)

TR Dizin (31)
DergiPark (39)

Yinelenen kayitlar ¢ikarild:
(n=46)

N
Baslik/6zet asamasinda dislanan
o (n=183)
Baslik ve 6zeti incelenen kayitlar

(n=245) e Matematik 6gretimi ile ilgili degil
o Dijital ara¢ odag1 yok

J

p
Tam metin sonrasi dislanan

n=37
Tam metni degerlendirilen calismalar ¢ . ) )
(n=62) o Tam metne erisilemedi (8)

o Hakemli makale degil (10)
o Olgiitleri karsilamadi (12)

e Yontemi yetersiz (7)
\ >

Arastirmaya dahil edilen calismalar
(n=25)
Ulusal= 14
Uluslararasi = 11

Sekil 1. Calismalarin Segim Siirecine Iliskin PRISMA 2020 Akis Semast
2.3. Verilerin Analizi

Arastirmada elde edilen veriler, betimsel igerik analizi yaklagimiyla ¢oziimlenmistir. Betimsel igerik analizi,
dokiimanlarda yer alan verilerin belirli kodlar, kategoriler ve temalar altinda diizenlenerek mevcut durumu
sistematik bigcimde ortaya koymayi1 amaglayan bir yaklasimdir (Bowen, 2009). Tiim caligmalar sistematik
bicimde incelenmis; metinlerde yer alan dijital araglar, kullanim amaglar1 ve pedagojik roller belirlenerek acik
kodlara doniistiiriilmiistiir. Kodlama siirecinde oncelikle benzer anlam tasiyan ifadeler ortak 6zelliklerine gore
bir araya getirilmis ve kategoriler olusturulmustur. Ardindan bu kategoriler, dijital araglarin teknik 6zellikleri,
kullanim bigimleri ve 6gretim siirecindeki islevleri dikkate alinarak tiimevarim yontemiyle iist diizey temalar
altinda yapilandirilmistir. Bu siire¢ sonucunda donanimsal teknolojiler, yazilim tabanli teknolojiler ve
web/internet tabanli teknolojiler olmak iizere {i¢ ana tema belirlenmistir. Kodlama islemi iki arastirmact
tarafindan birbirinden bagimsiz olarak gergeklestirilmis, daha sonra elde edilen kod ve kategoriler
kargilagtirilarak goriis birligi saglanmigtir. Kodlayicilar arasindaki uyusum yiizdesi, Miles ve Huberman'in
(1994) onerdigi Giivenirlik = Goriis Birligi / (Goriis Birligi + Goriis Ayriligi) x 100 formilii kullanilarak
hesaplanmis ve %91 olarak bulunmustur. Goriis ayrilig1 bulunan kodlar ise ilgili ¢aligmalar yeniden incelenerek
kargilagtirmali tartisma yoluyla uzlasi ile netlestirilmistir. Bu siireg, betimsel icerik analizinde onerilen seffaflik
ve giivenirlik ilkelerine uygun bigimde yiiriitiilmiistiir.

2.4. Arastirma Etigi

Bu calisma, yayimlanmig bilimsel dokiimanlarin incelenmesine dayali bir sistematik derleme ve dokiiman
incelemesi ¢alismasidir. Dogrudan insan katilimcilardan veri toplanmadigindan etik kurul onay1 gerektiren bir
slire¢ yuriitiilmemistir.

3. Bulgular
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Bu boliimde, incelenen 25 makaleden elde edilen bulgular betimsel igerik analizi dogrultusunda {i¢ ana tema
altinda sunulmustur: (1) ¢alismalarin 6rneklem ozellikleri, (2) kullanilan dijital arag tiirleri ve pedagojik roller,
(3) dijital arag¢ entegrasyonunu destekleyen ve engelleyen etmenler. Her tema, ilgili tablolar araciliiyla
gorsellestirilmis ve tablolarda sunulan bulgular agiklayici ifadelerle desteklenmistir.

Arastirmanin bu basliginda incelenen makalelerden elde edilen veriler tablolar ile gosterilmistir. Tablo 2°de
calismalarin egitim kademesi tiiriine gére dagilimi ve kaynaklart sunulmustur. Bazi ¢aligsmalar birden fazla dijital
arag veya pedagojik kullanim alanini birlikte ele aldigi i¢in ayni c¢aligma birden fazla kategori altinda
kodlanmistir. Bu nedenle kategori frekanslari, arastirma sayisini degil, ilgili temalarin ¢aligmalarda yer alma
sikligin1 gostermektedir.

Tablo 2. Calismalarin Egitim Kademesi Tiiriine Gére Dagilimi ve Kaynaklari

Hedef Kitle f Ilgili Calismalar
: . Aksan Kiligaslan vd. (2022), Tas vd. (2021), Demir & Bozkurt (2011), Agic &
g}(r()elzﬂe?ﬁaetreimatlk 8 Korkmaz (2022), Fjerestad & Xenofontos (2025), Song vd. (2025), Ozbey &

& Ozmantar (2024), Vaillant vd. (2021)
Lise matematik 7 Arhin vd. (2024), Ozdemir & Erduran (2019), ince-Muslu & Erduran (2021), Orman
ogretmenleri & Sevgi (2024), Alan vd. (2021), P6rn vd. (2024), Yao & Zhao (2022)
Matematik 6gretmeni 6 Ozpinar (2017), Aldemir Engin (2023), Y1ldiz Durak & Karaoglan Yilmaz (2019),
adaylar (pre-service) Lee vd. (2024), Dockendorff & Gomez Zaccarelli (2024), Chananil vd. (2025)
Diger / Karma referans 4 Secondary (ortaokul+lise): Joshi vd. (2023); Ogrenci: Oztop & Bulug (2022);
gruplari Yiiksekogretim: Cirneanu & Moldoveanu (2024); Derleme: Yiiksel vd. (2016)
Toplam 25

Not. f= frekans.

Tablo 2’ye gore, en yiiksek oranin %32 ile ilkokul matematik dgretmenlerine ait oldugu goriilmektedir. Bunu
%28 oranla lise matematik 6gretmenleri ve %24 oranla matematik 6gretmeni adaylar1 (pre-service) takip
etmektedir. %16 oranindaki diger veya karma referans gruplar ise farkli diizeylerdeki &gretmen, 6grenci ve
akademik orneklemleri kapsamaktadir. Tablo 2, ¢alismalarin ¢ogunlukla ilkokul ve lise matematik 6gretmenleri
ile gergeklestirildigini gostermektedir. Bu durum, dijital ara¢ kullanimina yonelik uygulamalarin 6zellikle temel
egitim kademelerinde yogunlastigini ve arastirmalarm biiyiik Olgiide 6gretmen odakli yiiriitiildigiinii ortaya
koymaktadir. Sonraki tablolarda c¢aligmalarin daha sistematik ve okunabilir bicimde sunulabilmesi amaciyla
kodlama kullanilmigtir. Bu dogrultuda ulusal ¢aligmalar U1-U14, uluslararasi ¢aligmalar ise UA1-UA1l
kodlartyla gosterilmis olup, kodlamalar Tablo 1'deki ¢aligma sirasina gore olusturulmustur.

Egitim kademelerine iliskin dagilimin ardindan, arastirmalarda kullanilan dijital araclarin hangi kategoriler
altinda yogunlastig1 incelenmistir. Elde edilen kodlar, benzerlik ve igerik 6zelliklerine gdre siniflandirilmis ve ii¢
ana temada biitiinlestirilmistir. Bu temalar, dijital araglarin tiirlerini, kullanim amaglarini ve entegrasyon siirecini
etkileyen etmenleri kapsamaktadir. Boylece bulgularin daha diizenli ve karsilagtirilabilir sekilde sunulmasi
miimkiin olmustur. Tablo 3’te dijital ara¢ kategorilerine gore dagilimlar verilmistir.

Tablo 3. Dijital Ara¢ Kategorilerine Gére Dagilimlar

Dijital Araclar f % llgili araclar Ilgili Cahsmalar

Donanimsal Etkilesimli tahta, akilli tahta, projeksiyon, Ul, U4, U5,U7,U8, U9, U10, Ul1, Ul2,

teknolofiler 19 76 bilgisayar, diziistii bilgisayar, tablet, grafik U13, U14, UA1, UA2, UA3, UAG6, UA7,

cknolojiie tablet, akilli telefon, Ozobot UA9, UAI10, UAI1

Yazilim tabanlh g:ﬁ(?\ifl:)rflzsczzr;e(lm()})sj;\AII\A/I]E;LI/EB/Slmuhnk’ U1, U2, U4, Us, U6, U9, U0, U, UL,

teknolojiler 21 84 Mathematic; ScraEcth ’Mo ri)e]\;laker Ul13,Ul4, UAL, UA2, UA3, UA4, UAS,
) : ’ o VIOV ’ UA7, UAS, UA9, UA10, UA11

GoAnimate, Draw Your Game
Web/internet Zoom, EBA, Google Classroom, Moodle, Ul, U2, U3, U4, U5, U6, U7, U8, U9,
tabanli 24 96 Microsoft Teams/OneDrive, Kikora, PAM, U10,Ul1, U12,U13, Ul4, UA1, UA2,

Google Forms, Kahoot, Quizizz, Jamboard, UA3, UA4, UAS5, UA6, UAS, UA9,

teknolojiler YouTube/egitsel videolar UAI10, UAII

Not. = frekans; % = yiizde. Calisma kodlar1 (U1, U2, ...) tablonun okunabilir bigimde sunulabilmesi amaciyla kullanilir.

Tablo 3’e gore arastirmalarda en sik kullanilan dijital ara¢ kategorisi %96 oranla web/internet tabanl
teknolojilerdir. Bu grupta Zoom, EBA, Google Classroom, Moodle, Forms, Kahoot ve Quizizz gibi ¢evrim igi
ogretim platformlar1 6ne ¢ikmaktadir. Yazilim tabanli teknolojiler (%84) arasinda GeoGebra, Cabri, MATLAB
ve ScratchJr gibi programlar yer almakta; donanimsal teknolojiler (%76) ise etkilesimli tahta, tablet, bilgisayar
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ve akilli cihazlardan olugmaktadir. Dijital ara¢ kategorilerinin dagilimi, matematik egitiminde web tabanli
teknolojilerin baskin hale geldigini; donanimsal araglarin ise &gretim siirecinin altyapisini olusturan temel
bilesenler oldugunu ortaya koymaktadir. Web/internet tabanli teknolojilerin daha yiiksek oranda tercih
edilmesinin; erisim kolayligi, cogunlukla iicretsiz veya diisiik maliyetli olmalari, farkli cihazlarda
kullanilabilmeleri ve uzaktan ya da yiiz yiize 6gretim siireglerine kolaylikla entegre edilebilmeleri ile iligkili
oldugu diistiniilmektedir. Ayrica COVID-19 sonrasinda ¢evrim i¢i 6grenme platformlariin yayginlagsmasi ve
O6grenme yonetim sistemlerinin egitim siireglerinde daha fazla kullanilmaya baslanmasi da bu araglarin
arastirmalarda daha sik yer almasii agiklayan onemli etmenler arasinda degerlendirilebilir. Dijital araglarin
tirlerine iligkin bu dagilimin ardindan, séz konusu araglarin 6gretim siirecinde hangi pedagojik amaglarla
kullanildig1 Tablo 4’te incelenmistir.

Tablo 4. Dijital Araglarin Pedagojik Kullanim Alanlar: ve Tercih Edilme Gerekgeleri

One Cikan Ornek  Tercih Edilme —
0,
Uygulama Alam1 % Araclar Gerekgesi Aciklama Ilgili Cahismalar
Soyut Ul, U4, Us, U6, U7, U9,
Kavram aretimi/ GeoGebra, Cabri, Kavramlarm kavramlari uUl10, Ul1, U12, U13, U14,
Srselle ti%m . 22 83 MATLAB, srsellestirilmesi somut/goklu UA1, UA2, UA3, UA4,
& ¥ ScratchJr 8 ¥ temsil ile UAS, UA6, UAT, UAS,
sunma UA9, UA10, UA11
Hizli 6lgme, Ul, U4, U9, U10, Ull,
Problem ¢dzme/ 16 64 Excel, MATLAB, Zaman yonetimi materyal Ul12, UA1, UA2, UA3,
modelleme Python, GeoGebra  kolaylig1 dolagimi, UA4, UA6, UA7, UAS,
planlama UA9, UA10, UA11
Etkilesim Kahoot, Draw ) Ovunlastirma Ul, U2, U5,U6,Ull, Ul2,
o tivzs o 15 o YourGame, Ogrenci . tﬁlle irsnli * Ul13,Ul4, UAL, UA3,
Y Ozobot, motivasyonu CKIICS UAS, UA6, UA7, UAS,
oyunlagtirma MovieMaker igerikler UAL0
Bigimlendirici Google Forms, - . Quiz/Forms, UL, U4, U7, U8, US, U10,
degerlendirme/ 18 72 Quizizz, Kikora Olgme ve geri anlik bildirim Ull, U2, U3, UAL,
e;gi bildirim PAM ’ , bildirim ve izleme UA3, UA4, UAS, UAS,
& UAS, UA9, UA10, UA11
Bireysellestirilmis Kikora, PAM, Erisilebilitlik ve valztifjtr:; Ul, U4, Ul1, U12, UAL,
dgrenme/ 13 52 EBA, Al tabanlt esnsekhk v k‘; n;klara UA3, UA4, UAS, UAG,
farklilagtirma modiiller eri}slim UAS, UA9, UA10, UAT1

Not. f = frekans; % = ylizde. Calisma kodlar1 (U1, U2, ...) tablonun okunabilir bigimde sunulabilmesi amacryla kullanilir.

Tablo 4’e gore dijital araglarin en ¢ok kullanildig1 uygulama alani %88 oranla kavram ogretimi ve
gorsellestirmedir. Bunu %72 ile bi¢imlendirici degerlendirme ve geri bildirim, %64 ile problem ¢6zme ve
modelleme, %60 ile etkilesim ve motivasyon/oyunlastirma, ve %52 ile bireysellestirilmis 6grenme/farklilagtirma
alanlar1 izlemektedir. En sik kullanilan araglar arasinda GeoGebra, Cabri, MATLAB, ScratchJr, Excel, Kahoot,
Google Forms ve EBA yer almaktadir. Bu bulgular, dijital araglarin yalnizca bilgi sunumu i¢in degil; ¢coklu
temsiller, modelleme, anlik geri bildirim ve oyunlastirma gibi ¢esitli pedagojik islevlerle kullanildigim
gostermektedir. Buna ragmen aktif iiretim ve dgrenci-led 6gretim uygulamalariin sinirli olmasi dikkat ¢ekicidir.
Dijital araglarin hangi amaglarla kullanildiginin belirlenmesinin ardindan, bu kullanimi destekleyen ve
engelleyen etmenlere yonelik temalar Tablo 5’te analiz edilmistir.

Tablo 5. Dijital Ara¢ Entegrasyonunu Destekleyen ve Engelleyen Etmenlere Yonelik Temalar

Etmen Tiirii  Tema f %  Aciklama Tigili Cahismalar
Mesleki selisim Uygulamali/hizmet U4,U7,U9, Ul10, Ul1, U12, U13, UA2,
oFitimi gely 17 68 ici egitim, bransa UA3, UA4, UAS, UA6, UA7, UAS, UA9,
& bzgii TPAB UA10, UA11
Yénetim/kurumsal Okul politikast, U7, U9, U10, U11, U13, UAL, UA2,
destek 15 60 zaman ve kaynak UA3, UA4, UA5, UA6, UAR, UA9,
tahsisi UA10, UAT1
. .. U5, U6, U7, U8, U10, U11, U12, U13,
Destekloven Og;?ﬁ tutumve 0z- g 4y g:}::g;’]i‘s{:ﬁ@khk’ UAL, UA3, UA4, UAG, UA7, UAS, UA9,
y yeteri g UA10, UAL1, UA2
Materval Agik kaynak Ul, U4, U8, U9, Ul1, U14, UAL, UA2,
y 16 64 havuzlan ve paylasim  UA3, UA4, UAS, UAG, UAS, UA9,

cesitliligi/erigilebilirlik UA10, UAL
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Etmen Tiirii Tema f %  Aciklama iigili Cahsmalar

U4, U7,U9, U10, U11, U13, Ul4, UAL,

Teknik altyapi/erisim Donanim, baglanti,

18 72 . UA2, UA3, UA4, UAS5, UA6, UA7, UAS,
sorunlart bakim/teknik destek UA9, UA10, UAT1
Zaman kisithhi 1455 P}anlgma ve ders U4,U7,U10,Ul1, U13,U14, UA1, UA2,
siiresi baskilar1 UA3, UA4, UA6, UA7, UA9, UA1O

Engelleyen Pedagojik planlama 13 5y Araclann pasif U7,U10, UL, U13, Ul4, UA2, UA4,

eksikligi kullanima sikigmasi UAS, UA6, UAR, UA9, UA10, UAI11

Etik/gizlilik endiseleri 3 3 Veri giivenligi, UAS5, UA6, UAS, UA9, UAL1, UA2,

(AI) seffaflik UA3, UA4

Not. f= frekans; % = ylizde. Calisma kodlar1 (U1, U2, ...) tablonun okunabilir bigimde sunulabilmesi amaciyla kullanilir.

Tablo 5’e gore dijital ara¢ entegrasyonunu destekleyen baslica etmenler arasinda %72 oranla olumlu tutum
ve Oz-yeterlik, %68 oranla mesleki gelisim egitimi, %64 oranla materyal ¢esitliligi ve erisilebilirlik ile %60
oranla yonetimsel destek one ¢ikmaktadir. Entegrasyonu engelleyen etmenler ise %72 oranla teknik altyap1 ve
erisim sorunlari, %56 oranla zaman kisitliligi, %52 oranla pedagojik planlama eksikligi ve %32 oranla
etik/gizlilik endigeleri olarak belirlenmistir. Tablo 5’te goriildiigii iizere, dijital ara¢ entegrasyonunu destekleyen
ve engelleyen etmenler hem bireysel (6z-yeterlik, tutum) hem de ¢evresel (altyapi, yonetim destegi) diizeyde
cesitlilik gostermektedir. Bu durum, dijital ara¢ kullaniminin yalnizca teknik degil, ¢ok katmanli bir pedagojik ve
kurumsal siire¢ oldugunu gdstermektedir.

4. Tartisma ve Sonuc

Aragtirmanin bulgulari, matematik 6gretiminde dijital ara¢ kullanimmin giderek yayginlagmasina karsin,
etkili teknoloji entegrasyonunun kullanilan aracin tiirlinden ¢ok bu araglarin pedagojik amaclarla nasil
biitiinlestirildigine bagh oldugunu gostermektedir. Incelenen ulusal ve uluslararasi ¢aligmalar, dijital araclarin
kavramsal 6grenme, problem ¢oézme, gorsellestirme ve Ogrenci etkilesimini destekleme potansiyeline sahip
oldugu konusunda ortaklasirken, bu potansiyelin 6gretim siireglerine her zaman tam olarak yansitilamadigt
goriilmektedir. Ozellikle TPAB gergevesinde degerlendirildiginde, teknolojinin pedagojik ve alan bilgisiyle
biitiinlesik bicimde kullanilmasinin etkili entegrasyonun temel belirleyicisi oldugu; teknik altyapinin tek basina
yeterli olmadig1 anlagilmaktadir. Bu durum, matematik 6gretiminde dijital doniigiimiin yalnizca teknolojik degil,
ayn1 zamanda pedagojik ve kurumsal bir doniisiim stireci olarak ele alinmasi1 gerektigini ortaya koymaktadir.

Bu genel ¢erceve dogrultusunda, arastirmanin temel bulgulari literatiirdeki ¢aligmalarla karsilagtirmali olarak
asagida tartisilmistir. Bulgular, matematik gretiminde dijital ara¢ kullaniminin hizla yayginlagtigini ancak bu
araglarin potansiyelinin biiyiik 6lgiide pedagojik baglamla siirli kaldigini géstermektedir. Ozellikle COVID-19
sonrasinda ¢evrim i¢i 0grenme ortamlarinin zorunlu hale gelmesiyle birlikte, dijital araglar dgretmenler,
Ogretmen adaylart ve 6grenciler tarafindan farkli diizeylerde benimsenmistir (Alan vd., 2021; Yiiksel vd., 2016).
Bu durum, dijitallesmenin yalnizca teknolojik bir gecis olmadigini, ayn1 zamanda 6gretim anlayisinda koklii bir
doniisiim yarattigini1 géstermektedir.

Tablo 2’de goriildiigii iizere, caligmalarin biiyiikk boliimii ilkokul ve lise matematik &gretmenleriyle
yiiriitiilmiis; bu gruplarda dijital araglarin smif i¢i uygulamalara entegrasyonu iizerine odaklanilmistir. {lkokul
matematik Ogretmenlerine yonelik calismalarin daha fazla olmasi, bu kademede soyut kavramlarin
somutlagtirilmasina duyulan yiiksek ihtiyagla iligkilendirilebilir. Dijital araclarin gorsellestirme ve etkilesimi
artirarak 6grenmeyi destekledigi; materyal ve dijital desteklerin kavramsal anlamay1 gelistirdigi belirtilmektedir
(Bozkurt & Akalin, 2015).

Arasgtirmalarda dijital araglarin i¢ ana kategoride smiflandirildigi goriilmistiir: donanimsal teknolojiler,
yazilim tabanli teknolojiler ve web tabanli teknolojiler (Tablo 3). Etkilesimli tahta, tablet ve bilgisayar gibi
donanimsal araglar dgretmenlere dersin akigini gorsellestirme ve 6grenci katilimimi artirma imkani sunarken;
GeoGebra, MATLAB, ScratchJr ve Z-Kitap gibi yazilimlar soyut kavramlarin somutlastirilmasin
kolaylagtirmistir. Web tabanli araglar (Zoom, EBA, Google Classroom, Kahoot vb.) ise 6zellikle uzaktan egitim
stirecinde Ogretim siireglerini siirdiiriilebilir kilmistir. Ancak igerik analizine gore bu araglar gogunlukla
ogretmen merkezli, sunum destekli bicimlerde kullanilmakta; 6grencinin aktif iiretici rolii sinirl kalmaktadir. Bu
calismada web tabanli araglarin belirgin bicimde 6ne ¢ikmasi, pandemi sonrast egitim aragtirmalarinda ortaya
cikan egilimlerle tutarlidir (Joshi vd., 2023; Yao & Zhao, 2022). Ancak yazilim tabanli araglara yonelik
kullanimm simirht kalmasi, dgretmenlerin matematiksel yazilim yeterliklerinin halen gelisime acik oldugunu
diisindiirmektedir. Bu durum, TPAB literatiiriinde belirtilen “teknolojik bilgi ile pedagojik bilginin
biitiinlestirilmesi” gerekliligini desteklemektedir.

Bununla birlikte, yazilim tabanli araclarin kullanim sikliginin bazi uluslararasi ¢alismalara kiyasla daha
diisiik bulunmasi; arastirmalarin yiritildigi egitim kademeleri, iilkelerin teknolojik altyapilari, 6gretmenlerin
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mesleki deneyimleri ve hizmet i¢i egitim olanaklarindaki farkliliklardan kaynaklandig: diistiniilmektedir. Benzer
sekilde, uluslararasi ¢aligsmalarda yapay zeka destekli sistemler ve uyarlanabilir 6grenme platformlarinin daha
fazla yer almasi, bu iilkelerde dijital doniisiim politikalarinin ve egitim teknolojilerine yonelik yatirimlarin daha
erken ve kapsamli bigimde uygulanmasiyla agiklanabilir.

Matematik 6gretmenleri agisindan bulgular; dijital araglarin 6zellikle kavram 6gretimi, problem ¢ézme ve
modelleme alanlarinda etkili bicimde kullanildigim1 gostermektedir (Tablo 4). GeoGebra ve MATLAB gibi
yazilimlar kavramsal Ogrenmeyi desteklerken, Kahoot ve Google Forms gibi araglar bi¢imlendirici
degerlendirmeyi kolaylastirmaktadir. Bununla birlikte, 6gretmenlerin dijital araglart ¢ogu zaman teknik bir
destek unsuru olarak kullandiklar, TPAB modelinin 6ngordiigii teknoloji—pedagoji—igerik etkilesiminin her
zaman saglanamadig1 goriilmektedir (Demir & Bozkurt, 2011; Ozdemir & Erduran, 2019). Bu durum, dijital
araglarin yalnizca bir aktarim araci degil, 6grenmeyi doniistiiren pedagojik bir bilesen olarak ele alinmasi
gerektigini ortaya koymaktadir.

TPAB modeli agisindan degerlendirildiginde, 6gretmenlerin yalnizca teknoloji bilgisine sahip olmalarinin
yeterli olmadig1; bu teknolojileri pedagojik stratejiler ve matematik alan bilgisiyle biitiinlestirerek 6gretim
stirecine entegre etmelerinin etkili teknoloji kullaniminin temel kosulu oldugu anlagilmaktadir. Bu bulgu, TPAB
modelinin 6ngdrdiigii teknoloji, pedagoji ve alan bilgisinin biitiinlesik kullaniminin matematik 6gretiminde etkili
teknoloji entegrasyonunun temel belirleyicisi oldugunu desteklemektedir. Dijital araglarin kavram &gretimi,
gorsellestirme ve degerlendirme amagli yogun kullanilmasi, GeoGebra, Scratchlr ve degerlendirme
uygulamalarini inceleyen uluslararasi ¢alismalarla benzerlik gostermektedir (Fjarestad & Xenofontos, 2025; Lee
vd., 2024). Ancak 6grenci merkezli iiretim, ig birligi ve modelleme siireglerinin sinirli kalmasi, literatiirde daha
once belirtilen “pasif kullanim &riintiisii” ile uyumludur (Alan vd., 2021). Bu durum, dijital araglarin sahip
oldugu pedagojik potansiyelin, dgretim tasariminda teknoloji, pedagoji ve alan bilgisinin biitiinciil bicimde
biitiinlestirilememesi nedeniyle tam anlamiyla ortaya ¢ikarilamadigini gostermektedir. Bu bulgular yalnizca
gorevde bulunan 6gretmenler agisindan degil, gelecegin 6gretmenleri olan 6gretmen adaylarmin yetistirilmesi
bakimindan da dnemli ¢ikarimlar sunmaktadir.

Matematik 6gretmeni adaylar1 (pre-service) ile yapilan calismalarda, dijital dykiileme (Ozpmar, 2017),
oyunlastirma (Aldemir Engin, 2023; Yildiz Durak & Karaoglan Yilmaz, 2019) ve kodlama araglarinin (Lee vd.,
2024) dgretmen adaylarinin yaraticilik, is birligi ve teknolojiye yonelik 6z giivenlerini artirdigi belirlenmistir.
Ancak bu deneyimlerin ¢ogu kisa siireli ve proje temelli uygulamalarla sinirli kalmistir. Bu sonug, 6gretmen
yetistirme programlarinda disipline 6zgii dijital pedagojik derslerin artirtlmasi ve uygulamali TPAB temelli
etkinliklerin yayginlagtirilmas1 gerekliligine isaret etmektedir. Ayrica, 6gretmen adaylarinin donanimsal ve
yazilim tabanl araglar1 ders tasarimlarinda biitiinciil bi¢imde kullanmalarini saglayacak staj temelli dijital
uygulama modellerinin 6nem kazandig1 goriilmektedir.

Teknik ve kurumsal engellerin dzellikle ulusal ¢alismalarn ¢ogunda vurgulanmasi (Ince-Muslu & Erduran,
2021), dijital doniistimiin yalnizca 6gretmen yeterlikleriyle degil okul ekosistemi ile de yakindan iliskili
oldugunu gostermektedir. Uluslararast c¢alismalarda ise yonetsel destek ve mesleki gelisimin entegrasyonu
olumlu etkiledigi vurgulanmaktadir (Arhin vd., 2024; Dockendorff & Gomez Zaccarelli, 2024). Bu baglamda
entegrasyon siirecinin ¢ok katmanli bir yapiya sahip oldugu soylenebilir. Ulusal ve uluslararasi ¢alismalar
arasindaki bu farkliliklar, teknoloji entegrasyonunun yalnizca bireysel 6gretmen yeterliklerinden degil; egitim
politikalar1, okul kiltiird, dijital altyapr olanaklar1 ve iilkelerin teknolojiye yonelik yatirim diizeylerinden de
etkilendigini gostermektedir.

Bu bulgular, uluslararasi literatiirde dijital araglarmm &gretimi doniistiirliicii potansiyel tasidigmna iliskin
bulgularla paralellik gostermektedir. Ancak bir¢ok ¢aligmada gorildiigii gibi (Fjerestad & Xenofontos, 2025;
Lee vd., 2024), teknik yeterlikler tek basina etkili entegrasyon i¢in yeterli degildir; 6gretmenlerin pedagojik
tasarim bilgi ve becerilerinin giiglendirilmesi kritik 6nem tagimaktadir.

Dolayisiyla dijital araglarin egitimde kalict ve etkili bicimde kullanilabilmesi, teknoloji yatirimlarinin yam
sira pedagojik kapasitenin gii¢lendirilmesini de zorunlu kilmaktadir. Sonug olarak, dijital arag entegrasyonunu
destekleyen ve engelleyen etmenler (Tablo 5) degerlendirildiginde; olumlu tutum, 6z-yeterlik, mesleki gelisim
ve kurumsal destek faktorleri entegrasyonu kolaylagtirirken; teknik altyapr sorunlari, zaman yetersizligi ve
pedagojik planlama eksikligi siireci zorlastirmaktadir. Bu bulgular, dijital araclarin egitimde etkili bicimde
kullanilabilmesi i¢in ii¢ temel bilesenin Onemini ortaya koymaktadir: (1) Ogretmenlerin dijital pedagojik
yeterliklerinin gelistirilmesi, (2) kurumsal ve altyapisal destegin gii¢lendirilmesi, (3) teknolojinin 6grenme
hedefleriyle anlamli bigimde iliskilendirildigi pedagojik tasarimlarin tesvik edilmesi. Sonug olarak, dijital cagda
nitelikli matematik 6gretiminin anahtari, 6gretmenlerin “ara¢ kullanicis1” degil, “6grenme tasarimcisi” olarak
yetistirilmeleridir.

5. Oneriler
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Bu calismada elde edilen bulgular dogrultusunda dijital araglarin matematik &gretiminde c¢ok ¢esitli
pedagojik roller iistlendigi, ancak entegrasyon siirecinin teknik, pedagojik ve kurumsal etmenlerden etkilendigi
goriilmistiir. Bu nedenle 6neriler, arastirmanin bulgularinin dogrudan yansimasi olacak sekilde arastirmacilar,
uygulayicilar ve politika yapicilar i¢in ayri1 ayr1 yapilandirilmustir.

Arastirmacilara yonelik dneriler;

* Matematik 6gretiminde dijital ara¢ kullanimiyla ilgili ulusal ve uluslararasi arastirmalarin karsilagtirmali
olarak ele alindig1 kapsamli meta-analiz ¢alismalarinin yapilmasi dnerilmektedir. Bu sayede Tiirkiye’deki
uygulamalarin kiiresel egilimlerle benzerlik ve farkliliklar1 belirlenebilir.

* Dijital ara¢ kullaniminin yalnizca matematik 6gretimiyle sinirli kalmayip fen, sosyal bilimler ve dil egitimi
gibi farkl disiplinlerde de incelenmesi; disiplinler arasi dijital pedagojik modellerin gelistirilmesine katk1
saglayabilir.

« Dijital araclarin matematiksel diisiinme, kavramsal anlamlandirma ve problem ¢ézme siireglerine etkisini
Olcen deneysel ve yar1 deneysel caligmalarin artirilmasi onerilmektedir. Ayrica yazilim tabanl araglar ile
web tabanli araglarin pedagojik etkilerini karsilagtiran karma yontemli aragtirmalar yiiriitiilmesi, alan
yazindaki bosluklarin giderilmesine katki saglayacaktir. Farkli kademelerdeki Ogretmen ve Ogrenci
profillerine odaklanan boylamsal calismalar ise dijital ara¢c kullanimindaki degisimin zamana bagli olarak
nasil gelistigini ortaya koyabilir

* Donanimsal, yazilim tabanli ve web tabanli teknolojilerin (Srnegin GeoGebra, Kahoot, MATLAB, EBA)
Ogretim siirecine katkilarini derinlemesine inceleyen deneysel ya da eylem arastirmalarinin artirilmasi
Onerilmektedir.

* Matematik Ogretmenleri, 6gretmen adaylart ve Ogrencilerin dijital araglara yonelik algi, tutum ve
yeterliklerini derinlemesine anlamak igin karma yontemli veri toplama siireglerinin yayginlastiriimasi
gerekmektedir.

Uygulayicilara yonelik oneriler;

+ Ogretmenlere yonelik olarak, dijital araglarin yalnizca sunum ve degerlendirme asamalarinda degil; problem
kurma, modelleme, veri analizi ve isbirlikli 6§renme gibi iist diizey bilissel siire¢lerde de kullanilmasina
yonelik uygulama temelli mesleki gelisim programlarinin tasarlanmasi énerilmektedir. Ozellikle GeoGebra,
MATLAB, ScratchJr ve benzeri yazilimlarin ders tasarimlarina entegrasyonunda &gretmenlere smif ici
uygulama ornekleri sunulmasi, pasif kullanim Oriintiilerinin asilmasina katki saglayacaktir. Okul igi
profesyonel 6grenme topluluklari olusturularak 6gretmenlerin dijital pedagojik deneyimlerini paylagmalari
tesvik edilmelidir.

e Matematik Ogretmeni adaylarmma yonelik TPAB temelli uygulamali derslerin, dijital GSykiilleme ve
oyunlastirma gibi yenilik¢i 6gretim yontemleriyle desteklenmesi dnerilmektedir.

 Dijital araglarmn etkili kullanimini sinirlayan altyapi, erisim ve zaman kisithligi gibi faktorlerin farkli
bolgelerde karsilastirmali bigimde incelenmesi; politika ve yatirrm planlarinin gelistirilmesine katki
sunacaktir.

* Matematik 6gretmenlerine yonelik siirekli mesleki gelisim, ¢evrim i¢i paylasim topluluklar1 ve uygulama
temelli atolye caligmalarinin yaygilastirilmasi; dijital pedagojik yeterliklerin kalici olarak gelistirilmesini
destekleyecektir.

Politika yapicilara yonelik oneriler;

o Okullar arasindaki dijital altyapr farkliliklarini azaltacak yatirim planlarinin yapilmasi ve hizmet igi
egitimlerin bransa 0zgii dijital pedagojik yeterlikleri gelistirecek bigimde yeniden yapilandirilmasi
gerekmektedir. Matematik 6gretim programlarinin dijital arag kullanimini destekleyen kazanimlar ve 6rnek
etkinliklerle giincellenmesi, 6gretmenlerin teknoloji entegrasyonunu sistematik sekilde gergeklestirmelerine
katki saglayacaktir. Ayrica yapay zeka ve uyarlanabilir 6grenme sistemlerinin giivenli, etik ve pedagojik
acidan uygun kullanimina iliskin ulusal yonergelerin olusturulmas: dnem tagimaktadir.

Bu caligmanin baslica smirliligi, yalnizca dokiiman incelemesine dayali olmasi ve incelemeye alman
calismalarin sayistyla sinirh kalmasidir. Gelecek arastirmalarda, 6gretmen ve dgrenci goriislerinin derinlemesine
incelendigi nitel ¢aligmalarin yani sira dijital araclarin etkilerini 6lgen deneysel desenlere yer verilmesi
onerilmektedir. Ayrica farkl tilkelerdeki entegrasyon modelleri karsilastirilarak dijital ara¢ kullanimina iliskin
kiiltiirel ve yapisal farklarin daha ayrintili bigimde ortaya konulmasi yararli olacaktir.

Tesekkiir: Bu calismanin ilk hali, 7. Uluslararas: Tiirk Bilgisayar ve Matematik Sempozyumu (TURCOMAT-7) kapsaminda
sozlii bildiri olarak sunulmustur (Antalya, Tiirkiye; Ozet Kitabi, ss. 209-210).
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Etik Beyan: Bu arastirmada etik kurul onay1 gerektiren bir siire¢ yiiriitiilmemistir.
Finansman: Bu ¢alisma i¢in herhangi bir fon bildirilmemistir.
Cikar Beyani: Yazarlar herhangi bir ¢ikar ¢atigsmasi beyan etmemektedir.

Yazar Katki Beyani: Yazar 1: Kavramsallagtirma, Yontem, Yazim — Taslak, Veri Toplama, Analiz. Yazar 2: Siipervizyon,
Yazim — Inceleme ve Diizenleme.

Yapay Zeka Kullanim Beyani: Bu ¢alismanin hazirlanmasinda yapay zeka araglart kullanilmamastir.
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