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Abstract

Keywords

The primary aim of this study is to examine primary school teachers’ views on
the use of multiple representations in mathematics lessons during the distance
education process by evaluating these views in relation to their practices in
face-to-face instruction. Designed within the interpretative phenomenological
research approach, the study involved 15 primary school teachers working in
the province of Kastamonu, who were selected through convenience sampling.
Data were collected through semi-structured interviews and analyzed using
content analysis. The findings revealed that teachers had limited awareness of
multiple representations, found it challenging to diversify representations on
digital platforms, and expressed a need for supportive professional
development in this area. It was also determined that teachers predominantly
used representations for the purpose of concretization, while experiencing
difficulties in processes involving the coordination and transformation
between representations. Additionally, teachers perceived their use of multiple
representations as more effective in face-to-face instruction. The study offers
recommendations for the effective use of multiple representations in distance
education and contributes to teacher education. In this context, it is
recommended that teachers be supported through in-service training focused
on both technology use and multiple representations, particularly to enable the
pedagogically effective integration of digital representations.
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Introduction

One of the fundamental challenges in mathematics education is identifying how mathematics
can be taught more effectively. National and international framework documents (CCSSI, 2010; MoNE,
2018; 2024; NCTM, 2000) emphasize that meaningful learning should be placed at the center of
mathematics instruction. Meaningful learning occurs when individuals relate newly encountered
information to their existing cognitive structures. This process relies on a series of cognitive operations,
including the mental organization of information, comparison, and relational reasoning (Yanik, 2016;
Yavuz Mumcu, 2023). However, the abstract nature of mathematics often complicates this process for
students, which may limit the depth of their learning.

Skemp’s (1978) distinction between instrumental understanding and relational understanding
provides a foundational framework for explaining this issue. Instrumental understanding involves the
application of rules and algorithms, whereas relational understanding focuses on comprehending both
what is done and why it is done. Thus, to deepen students’ conceptual understanding, mathematical
knowledge needs to be presented through multiple forms of representation (Van de Walle et al., 2020).
In particular, incorporating multiple representations such as verbal, visual, symbolic, concrete, and
digital representations into the learning process supports students in constructing abstract mathematical
ideas in more meaningful ways (Cullen et al., 2020; Greno & Hall, 1997; Tiirer & Cantiirk Giinhan,
2022). In this regard, multiple representations are not merely alternative displays of information; rather,
they serve important functions such as regulating cognitive processes, reducing misconceptions, and
supporting concept construction (Ainsworth, 2006). Consequently, multiple representations can be
considered a key instructional tool for fostering both meaningful learning and relational understanding.

With the COVID-19 pandemic, the rapid transition of instruction to online environments
necessitated pedagogical adjustments related to the use of representations. During the distance education
process, teachers were required to utilize various types of representations to capture students’ attention,
maintain conceptual understanding, and reduce learning loss (Bozkurt & Sharma, 2020; Yilmaz &
Kostur, 2021). However, the effectiveness of representations used in this process is closely related to
teachers’ digital pedagogical competencies and their ability to manage transitions between different
representation types. In particular, high-level pedagogical decisions such as selecting, transforming, and
coordinating representations are strongly associated with teachers’ pedagogical content knowledge
(PCK) and technological pedagogical content knowledge (TPACK). In this context, examining how
representations are used in distance education environments through the experiences of primary school
teachers offers an original perspective for both representation pedagogy and digital instruction.

This study contributes to the understanding of how teachers utilized multiple representations
during pandemic conditions and how they experienced this process. In this respect, the study has the
potential to inform both the identification of teachers’ professional development needs and instructional
practices related to mathematics teaching in distance and blended learning environments. In the
literature, qualitative studies that specifically address primary school teachers’ experiences with
multiple representations in such contexts are limited. This situation indicates a significant research gap
concerning how representation pedagogy is experienced and enacted in online learning environments.
Therefore, the findings of the present study address an important gap in terms of both restructuring
teacher education programs and developing digital pedagogical strategies. Moreover, the study employs
the interpretative phenomenological approach and aims to examine teachers’ meaning-making processes
and pedagogical decisions regarding the use of multiple representations in depth. In this regard, the study
not only focuses on instructional practices but also reveals the nature of teachers’ cognitive and
pedagogical awareness related to representations.

Mathematical Representation

Representation can be defined as the expression of a concept or phenomenon in an alternative
form (Goldin & Kaput, 1996). In mathematics, representations enable abstract ideas to be expressed
through visual, symbolic, verbal, or physical forms (Delice & Sevimli, 2016). Through these
representations, students can make sense of mathematical relationships, solve problems, and establish
connections between concepts (Huinker, 2015; Karabey & Erdogan, 2023). Ainsworth (1996)
emphasizes that representations do not merely present information but also function to regulate cognitive
load during learning. Indeed, research indicates that well-structured representations reduce students’
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cognitive load, contribute to conceptual learning, and decrease errors (Alabdulaziz, 2021; Pape &
Tchoshanov, 2001; Satsangi & Sigmon, 2023). Ainsworth’s (2006) three-function taxonomy of multiple
representations in  instruction, which provides complementary information, constrains
misinterpretations, and supports concept construction, explains why the use of representations requires
pedagogical design rather than mere variety. This framework demonstrates that how teachers select
representations and establish relationships between them plays a decisive role in learning outcomes.

The concept of multiple representations refers to presenting a mathematical concept in different
forms and the ability to transition between these forms (Goldin & Shteingold, 2001; Heinze et al., 2009).
While Lesh et al. (1987) categorized representations into five types: real-life situations, manipulative
materials, pictures, symbols, and natural language, Lesh and Doerr (2003) expanded this classification
to include diagrams, graphs, and tables. The ability to transition between representation types deepens
students’ conceptual understanding, whereas students who are limited to a narrow range of
representations often experience difficulties in problem-solving processes (Baroroh & Mardiyana, 2021;
Prayitno et al., 2021). This clearly highlights the relationship between representational diversity and
relational understanding.

Some studies indicate that students tend to be more successful with visual and verbal
representations but experience difficulties when transitioning to symbolic representations (Prayitno et
al., 2021). Similarly, examining the contribution of virtual representation tools to conceptual learning,
Satsangi and Sigmon (2023) reported that representations used in virtual environments enhance
understanding and reduce cognitive load, particularly for students who struggle with mathematics. This
finding suggests that digital representation tools should be used more effectively, especially in distance
education contexts. On the other hand, the impact of representation use in instruction is not solely
determined by the characteristics of the representations themselves but is also directly related to
teachers’ representational awareness, their ability to manage representational transformations, and their
pedagogical content knowledge (Dreher & Kuntze, 2015; Friesen & Kuntze, 2020). Therefore, multiple
representations should be considered not only as an instructional tool but also as a pedagogical
component that reflects the quality of teachers’ knowledge bases.

Use of Multiple Representations During Distance Education

The COVID-19 pandemic forced education systems to transition abruptly to distance education,
requiring teachers to rapidly transform their instructional strategies and tools (Borba, 2021; Huang et
al., 2022; Sezgin & Firat, 2020). During this period, teachers were compelled to rely more heavily on
visual, auditory, and digital representations when explaining mathematical concepts to students (Bozi¢
et al., 2023). However, existing studies indicate that this transition did not always occur in a planned
manner grounded in sound pedagogical principles (Alabdulaziz, 2021; Yilmaz & Kostiir, 2021).

The effective use of multiple representations in distance education is related not only to the
mode of presentation but also to students’ ability to interpret, transform, and transition between
representations (Bozi¢ et al., 2023; Yuhasriati et al., 2022). Moreover, for teachers to use representations
effectively, they need to possess both pedagogical and technological competencies (Huang et al., 2022).
In this regard, the TPACK framework offers an important theoretical lens for understanding why the
use of multiple representations has remained limited in distance education environments. The interaction
among teachers’ technological knowledge, pedagogical knowledge, and content knowledge directly
determines how representations are adapted to digital environments (Mishra & Koehler, 2006). From
this perspective, it is crucial to examine the extent to which teachers utilize multiple representations
effectively in distance education, the types of challenges they encounter, and their perceptions of this
process. In particular, since integrating representations with digital tools requires pedagogical design
knowledge that supports representational transformation, investigating the experiences of primary
school teachers in this process becomes a critical necessity. Grounded in this need, the present study
aims to examine in depth the experiences of primary school teachers with the use of multiple
representations in the context of distance education.

Accordingly, the purpose of this study is to examine how primary school teachers utilized
multiple representations in mathematics lessons during the distance education implemented during the
COVID-19 period and to explore their views on this approach. Within this scope, teachers’ experiences,
the challenges they encountered, the types of representations they employed, and their views on the
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impact of these representations on students’ understanding are examined. In this way, the study aims to
reveal both the quality of representation use and insights into teachers’ professional development needs.

Method
Research Design

This study employed a qualitative research approach to examine primary school teachers' in-
depth views on the use of multiple representations in mathematics lessons during the distance education
process. Qualitative research aims to reveal individuals’ meanings and interpretations of their lived
experiences (Merriam, 2009). In line with this purpose, the study employed a phenomenological
approach as its qualitative research design. Phenomenology is an approach that seeks to understand
individuals’ subjective perceptions and experiences related to a particular phenomenon (Smith et al.,
2009; van Manen, 2023). In the present study, an interpretative phenomenological approach was
specifically employed. This approach goes beyond merely describing participants’ experiences and
requires the researcher to engage in an in-depth interpretative process through continuous interaction
with the data. Accordingly, the researcher did not limit the analysis to descriptive accounts but remained
critically aware of personal assumptions and continuously reflected on the potential influence of these
preconceptions throughout the analytical process (Creswell, 2013; Smith et al., 2009; van Manen, 2023).
In this sense, the researcher assumed not only the role of a data collector but also that of an interpreter.
The primary rationale for adopting a phenomenological approach was its capacity to provide a rich and
contextualized understanding of teachers’ experiences with the use of multiple representations in
distance education. This approach allowed the researchers to explore how teachers made sense of their
experiences within their specific instructional and contextual conditions.

Study Group

The study group consisted of 15 primary school teachers, 8 female and 7 male, who were
working in public schools in the city center of Kastamonu during the 2020-2021 academic year.
Convenience sampling was employed in the selection of participants in order to ensure efficiency and
practicality in the research process. This sampling method allows researchers to select individuals who
are easily accessible; however, it may introduce limitations in terms of the generalizability and
trustworthiness of the findings (Yildirim & Simsek, 2013). To mitigate this limitation, efforts were made
to ensure maximum variation by including teachers from different schools, teaching at various grade
levels, and varying in age and years of professional experience. In addition, all participants were
included in the study on a voluntary basis. This approach was considered appropriate for
phenomenological research, as participant diversity supports the visibility of different dimensions of
lived experiences. Table 1 presents the distribution of participating teachers according to gender, age,
years of teaching experience, and the grade levels they taught.

Table 1. Demographic information of the primary school teachers in the study group

Variable Sub-variable
Female
Male
20-30 years
Age 31-40 years
41-50 years
0-5 years

Gender

6-10 years

Teaching Experience 11-15 years
16-20 years
21 years and above

1% grade

2™ grade

Grade Level 3 grade

B N S I VS e i S U R a2 TR B e R Y

4" grade
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Table 1 presents the distribution of participating teachers by gender, age, teaching experience,
and the grade levels they teach. According to the data, the majority of the teachers have more than 11
years of professional experience and are predominantly in the 31-40 age range.

Data Collection Tool

In this study, data were collected using a semi-structured interview form developed by the
researchers. The interview form consisted of open-ended questions designed to elicit primary school
teachers’ views on their use of multiple representations in mathematics lessons during the distance
education process. Examples of the questions included in the interview form are as follows:

e What do you think are the purpose(s) of using multiple representations in the mathematics
teaching process?

e What types of activities do you implement in mathematics lessons related to the use of
multiple representations during face-to-face instruction?

o What types of activities did you implement related to the use of multiple representations in
the mathematics lessons you conducted through distance education?

During the development of the interview form, a draft version was initially prepared based on a
review of the literature on the use of multiple representations and distance education. This draft was
then presented to two academics, one specializing in mathematics education and the other in educational
sciences, as well as two primary school teachers. The experts were asked to provide feedback regarding
the form’s content validity, clarity of question wording, and potential content overlap. Based on the
feedback received, some questions were restructured, and similar items were merged. The final version
of the interview form consisted of nine open-ended questions. Subsequently, pilot interviews were
conducted with two teachers who were not included in the main study to test the clarity and
comprehensibility of the questions. The pilot results indicated that no further revisions were necessary.
This process was structured in line with the fundamental steps recommended to enhance the validity of
qualitative data collection instruments (Patton, 2014).

Semi-structured in-depth interviews are among the most commonly used data collection
methods in education and the social sciences (Uslu & Demir, 2023). They are considered a primary data
source in phenomenological research, as they allow participants to articulate their experiences in their
own words (Creswell, 2009). In the present study, data were collected through individual interviews
conducted with primary school teachers. Prior to the interviews, the purpose of the study was explained
again, and participants’ verbal consent was obtained after they were informed that the interviews would
be audio-recorded. All interviews were conducted online between June 1 and September 1, 2021, and
each interview lasted approximately 35 minutes. During the interviews, a trust-based and flexible
interview atmosphere was established to enable participants to share their experiences comfortably.

Data Analysis

The data obtained in the study were analyzed using content analysis method. First, the interviews
conducted with the teachers were audio-recorded and subsequently transcribed verbatim. The
transcribed data were then examined systematically in accordance with the principles of qualitative data
analysis. Content analysis is an analytical method that enables the production of context-sensitive,
replicable, and valid inferences from textual data (Krippendorff, 2018).

In this study, the content analysis process was carried out based on the four-stage framework
proposed by Yildirim and Simsek (2013): (1) coding the data, (2) identifying themes from the codes, (3)
organizing the data according to themes, and (4) describing and interpreting the findings. During this
process, the interview transcripts were read line by line, and meaningful units were identified from
teachers’ statements to generate initial codes. Codes with similar content were then grouped, and themes
were derived accordingly. Each theme was presented separately in the findings section using tables.

The interview data were organized under the identified themes and interpreted by including
direct quotations from participants. This analytical approach was based on a structured process that
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prioritizes reliability and transparency in content analysis (Bengtsson, 2016). The coding process was
conducted by the researchers, who developed a shared analytical approach based on meaning units, and
intercoder consistency was taken into consideration throughout the analysis process.

Validity and Reliability Procedures

In qualitative research, the concept of credibility is generally preferred over traditional notions
of validity (Riizgar et al., 2023). In the present study, several strategies were employed to ensure the
credibility of the results. First, the semi-structured interview form developed for the study was reviewed
and revised prior to data collection based on feedback from two academics, one specializing in primary
mathematics education and the other in educational sciences, as well as two experienced primary school
teachers. In addition, the interview form was pilot-tested with two teachers who were not included in
the main study.

During the data collection process, beyond selecting participants on a voluntary basis, attention
was paid to ensuring diversity in terms of the schools where teachers worked, their years of professional
experience, and the grade levels they taught. In this way, it was aimed to enrich the data by collecting it
from different contextual backgrounds. To further enhance credibility, the findings were presented in
tabular form, and each table was supported with direct quotations from participants that substantiated
the reported themes.

All researchers were actively involved in the data analysis process. Coding and theme
development were carried out in a comparative manner, and consensus was reached through discussion.
To ensure reliability, intercoder agreement analysis was conducted. The level of agreement between
coders was calculated using Cohen’s Kappa coefficient, yielding an agreement rate of approximately
90%. This approach is among the recommended methods for enhancing reliability in qualitative research
(Miles & Huberman, 1994).

Ethical Principles and Participant Consent

Ethical principles were strictly adhered to throughout the research process. Prior to data
collection, the purpose and scope of the study were clearly explained to the participating teachers, and
they were informed that the interviews would be audio-recorded and that all collected data would be
used solely for scientific purposes in accordance with confidentiality principles. Verbal informed
consent was obtained from all participants on a voluntary basis. All interview recordings and written
documents were anonymized by removing personally identifiable information, and participant identities
were protected throughout the study.

Findings

In the first stage of the study, the teachers in the study group were asked which subject(s) they
felt required the greatest use of multiple representations and the reasons for this need. The findings
obtained are presented in Table 2.

Table 2. Subjects with the greatest need for multiple representations and the reasons for this need

Subjects f Reasons for the need f
Mathematics 15 Concretizing abstract topics/concepts 12
Turkish 4 e . .

) Facilitating comprehension of the subject 3
Science 3
Social Studies 2

All subjects 5 Enhancing student readiness 2

*The reason why the frequency values exceed the number of participants in the study group is that
participants were allowed to provide more than one response.

An examination of Table 2 reveals that the majority of primary school teachers identified
mathematics (f = 15) as the subject in which the use of multiple representations is most needed.
Mathematics was followed by Turkish (f = 4), Science (f = 3), and Social Studies (f = 2). Additionally,
in response to the question “Why do you feel the need to use multiple representations?”, the most
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commonly cited reason was to concretize abstract topics or concepts (f'= 12). Other reasons mentioned
by the teachers included facilitating the comprehension of the subject by using various examples and
materials (f = 3) and supporting students’ readiness for learning new topics (f = 2). The teachers’
statements further support these findings. For instance, Teacher 15 (T15) emphasized the importance of
mathematics and justification for concretization by stating, “In mathematics, the concept of number is
abstract in itself, so we need to concretize mathematics lessons.” Similarly, Teacher 1 (T1) remarked,
“We use [multiple representations] in Social Studies and Turkish lessons—we use them in all subjects—
but mostly in Mathematics and Science because these subjects need to be concretized.” This statement
highlights both the broad application of multiple representations and their particular importance in
mathematics and science. Emphasizing the issue of student readiness, Teacher 4 (T4) explained, “In my
school, the children lack any prior preparation. Except for Life Science, I try to include more of these
kinds of activities in Turkish and Mathematics, especially in mathematics, because the students don’t
have the foundational background.” These findings indicate that teachers predominantly associate the
use of multiple representations with the function of concretization, suggesting that their awareness of
the diverse pedagogical purposes that representations can serve may be limited.

In the next stage of the study, the teachers were asked, “In your opinion, what are the purposes of using
multiple representations in mathematics lessons?” The findings related to this question are presented in
Table 3.

Table 3. Purposes of using multiple representations in mathematics teaching and learning processes

Purposes f

Relating to real life, concretization 11
Enhancing the comprehensibility of the subject

Providing opportunities to use different methods 3
Addressing different types of intelligence

According to the findings presented in Table 3, primary school teachers mostly justified the use
of multiple representations in teaching mathematics topics by emphasizing concretization or relating
concepts to real-life contexts (f = 11). Additional purposes highlighted by the teachers included
enhancing the comprehensibility of the subject (f = 7), providing opportunities to employ different
instructional methods (f = 3), and addressing various types of intelligences (f = 2). Teacher 4 (T4)
stated, “Mathematics seems abstract to children. The more we concretize it, the more examples we give
from their daily lives, and the more we relate it to real-life situations, the easier it becomes for them to
understand.” emphasizing the roles of concretization and real-life connections. Similarly, Teacher 2
(T2) explained, “We do this to help children grasp the topic and understand the concept. A teacher can
normally teach the topic, but we use multiple representations in mathematics lessons to move from
abstract to concrete.” thereby underlining both the concretization of mathematical concepts and the
increased comprehensibility of mathematical content. These explanations suggest that teachers tend to
view representations primarily as tools for facilitating understanding; however, their awareness of
higher-level pedagogical functions of representations, such as supporting conceptual construction,
enabling generalization, or facilitating transitions between different representations, may be limited.

Another question posed to the primary school teachers within the scope of the study focused on
the types of activities they implemented in mathematics lessons using multiple representations during
face-to-face instruction prior to the pandemic and during the distance education period that followed.
The findings obtained in this context are presented in Table 4.

Table 4. Activities conducted by primary school teachers for the use of multiple representations in mathematics
lessons during both face-to-face and distance learning

During face-to-face education f During distance education

Use of visuals/models Watching videos

Use of supplementary materials Use of visuals/models

Conducting activities/playing games Use of graphs/shapes

A 0 9 O

Use of students’ manual skills Use of students’ manual skills

— W W N O~

Conducting activities/playing games
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An examination of the findings in Table 4 shows that, prior to the pandemic, when face-to-face
instruction was still in place, the most frequently reported activity implemented by participating primary
school teachers in the context of using multiple representations in mathematics lessons was the use of
visuals/models appropriate to the subject matter (f=9). In addition, teachers stated that they integrated
multiple representations into mathematics teaching by using supplementary materials (f' = 7), engaging
students through hands-on activities and games (f = 5), and implementing practices that utilized
students’ manual skills (f = 4). For example, Teacher 6 (T6) stated, “I used visual representations
through the smart board. We played games involving student participation in class. In age-related
problems, I draw pictures, ” referring to activity-based and game-like practices. Teacher 12 (T12), who
aimed to actively involve students in the lesson by having them design and create, explained: “In all
mathematics topics and concepts, we always carried out an activity. We brought tens and ones and laid
them in front of the children. We had them build geometric solids and examine their corners and edges
from all sides. For fractions, I made sure each student brought fruit. In measurement topics like meters,
1 had them use strings to measure their steps and hand spans, and then compare their results with one
another. They realized how different they were. In every topic, I tried to ensure they could hold
something, touch it, and see it. We asked them to design clocks and set them to 'quarter past three', and
they did. I believe they need to enjoy the process in order to learn.” This statement highlights not only
the use of ready-made concrete materials but also the emphasis on student-created representations and
real-life applications.

The other set of findings presented in Table 4 pertains to the activities carried out during the
distance education period following the pandemic. Within this context, the participating primary school
teachers reported that they employed multiple representations in mathematics lessons primarily through
video watching (f=9), using visuals/models appropriate to the topic (f= 6), incorporating graphs/shapes
(f = 3), designing activities that engaged students’ manual skills (= 3), and conducting activities or
games (f = 1). For instance, Teacher 8 (T8) stated, “During distance education, the children could not
physically interact, but I used signs and blocks available at home. I glued pasta together to visually
represent tens and ones. In the unit on wholes, halves, and quarters, the children cut up fruits themselves
to learn the topic. They also made clocks.” This statement indicates that while some materials could
only be presented visually due to the limitations of distance education, others could still be used
physically by students at home. Teacher 4 (T4) explained, “Since they couldn’t make them themselves,
I had them watch videos. I used videos more often.” highlighting the increased reliance on videos due
to students’ limited access to materials at home. Teacher 14 (T14) remarked, “We applied
representations using videos, visuals, or visual stimuli shared on the virtual whiteboard. When
explaining geometric shapes, we used visuals of shapes drawn in different colors and sizes.”
demonstrating the use of technological tools for visual representation in instruction. Likewise, Teacher
10 (T10) shared, “Since we didn’t have many materials, we mostly used concept maps. Last year, we
carried out an eTwinning project. As part of the project, we prepared weekly activities for each main
subject and created concrete materials. They made more materials. We used materials that children
could make themselves. We had the children create things.” illustrating the use of visual tools such as
shapes and graphs as multiple representations during distance education. These findings suggest that a
greater diversity of representation types is employed in face-to-face instruction, whereas representation
use in distance education remains more limited and is primarily confined to visual and passive forms of
reception. This situation suggests that teachers may experience difficulties in planning representational
transformations and implementing interactive uses of representations in digital environments.

In the study, primary school teachers were asked about the impact of the distance education
process on their use of multiple representations in mathematics lessons, and the findings obtained from
their responses are presented in Table 5.
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Table S. The effects of distance education on the use of multiple representations in mathematics lessons
Effects f
Positive effect Increased use of technology

Limitation in the types of representations used
Decrease in students’ active participation
Negative effects Inability to use concrete materials

Inability to conduct in-class activities

N N L 0 0N

Insufficient lesson time

According to the findings presented in Table 5, the primary school teachers participating in the
study stated that the distance education process had mostly negative effects on the use of multiple
representations in mathematics lessons. However, two teachers noted that despite the adverse impact of
this mandatory and abrupt transition, they approached the process positively as it enabled them to
incorporate more technology-supported practices in their teaching. Teachers who emphasized the
negative effects particularly expressed that distance education limited their ability to use diverse types
of representations (f' = 8) and that they could not implement multiple representations as effectively as
they did in face-to-face settings due to a decrease in students’ active participation (f = 8). Additionally,
some teachers underlined that they were unable to benefit sufficiently from the use of concrete models
or objects (f=5) during the distance education period. For example, Teacher 7 (T7) stated, “It caused
restrictions. For example, we didn’t have the opportunity to go out and do shopping activities. We could
only support it with visuals.” This statement indicates that they mostly relied on visuals and could not
adequately use real-life representations. Similarly, Teacher 10 (T10) remarked, “In mathematics, we
couldn’t use concrete classroom materials at all. I couldn’t get direct feedback from students.
Mathematics is a subject that we teach through hands-on learning, and we were negatively affected in
terms of multiple representations during distance education.” emphasizing their limited use of both
real-life and concrete representations. On the other hand, Teacher 13 (T13) pointed out a positive aspect
of the process by stating, “Using technology in multiple representations is more advantageous. The only
drawback is the inability to concretize. Most modeling was done more easily and quickly in
technological environments.”

Another question posed to the participants was: “During distance education, which
applications, websites, or technology-based tools do you think supported the use of multiple
representations in your mathematics lessons? ” The responses provided by the teachers are presented in
Table 6. These findings indicate that, during the distance education process, representations largely
remained at the level of presentation, while pedagogical dimensions of representation use, such as
transformation, interaction, and student-centeredness, were not sufficiently supported. This suggests that
teachers experienced difficulties in adapting their use of representations to digital learning
environments.

Table 6. Web-based platforms and tools used by primary school teachers for multiple representations in
mathematics lessons during distance education

Educational e-content platforms f Web 2.0 tools/applications f
EBA 11 Wordwall 5
Okulistik 8 Kahoot 3
Morpa kampiis 6 Educandi 1
Sharing/websites f Mentimeter 1
Egitimhane 4 Quizizz 1
YouTube 3 Canva 1
[lkokull 2 Carpanga 1
Mebders 2
Odevmatik 1
Pinterest 1
Web’de 6gren |
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An examination of Table 6 reveals that primary school teachers prefer to use educational e-
content platforms, such as EBA, Okulistik, and Morpa Kampiis, more frequently to enrich mathematics
lessons with different types of representations during the distance education process. In addition to
educational content platforms, teachers also reported benefiting from various educational sharing
websites, general-purpose web platforms, and Web 2.0 tools and applications. Among the educational
e-content platforms, EBA stood out as the most preferred (f = 11), while Egitimhane (f = 4) was the
most frequently mentioned educational sharing site. YouTube (f'= 3) was the leading general content
site, and Wordwall (f'= 5) and Kahoot (= 3) were the most commonly used Web 2.0 tools. Regarding
this topic, Teacher 14 (T14) stated, “I mostly worked with graphs and a tablet. Additionally, I utilized
the Fatih Pen application on EBA. I also used educational videos on YouTube.” Similarly, Teacher 10
(T10) noted, “There is an application called Carpanga. I used it even during face-to-face instruction. 1
used EBA. We used Educandy. Okulistik was definitely very useful.” Teacher 1 (T1) added, “As for
websites, I used EBA, Morpa Kampiis, Kahoot, and Quizizz. Besides these, I prepared activities using
Canva and also used Wordwall for content creation.” These findings indicate that teachers
predominantly use digital tools to present visual representations; however, they remain more limited in
pedagogically integrating interactive, relational, or constructive types of representations.

Lastly, within the scope of the research, teachers were asked the following question: “How do
you evaluate the effect of using multiple representations in mathematics instruction on students, both in
face-to-face and distance education settings?”’ The findings derived from their responses are presented
in Table 7.

Table 7. Evaluation of the use of multiple representations in mathematics instruction within the scope of both
face-to-face and distance education

Use of multiple representations f
More effective in face-to-face education 10
Useful in both instructional settings 4

More effective in distance education

An analysis of the findings in Table 7 indicates that the majority of primary school teachers
preferred face-to-face education (f = 10) for benefiting from different types of representations and
achieving efficiency in the use of multiple representations in mathematics lessons. Some teachers (n =
4) stated that whether the teaching process takes place face-to-face or remotely does not significantly
affect the use of multiple representations, asserting that they can effectively use various representation
types in both modes of instruction. One teacher, however, emphasized that mathematics teaching and
learning processes supported by technological tools were more conducive to the use of multiple
representations in distance education settings. Teacher 15 (T15) stated, “There’s this saying that people
remember 20% of what they see, 50% of what they hear, and 80% of what they both see and hear. Every
piece of technology or material used, whether visual, auditory, or tactile, makes learning more
permanent. Before distance education, we were using these, but the materials were only visual or
auditory. However, during distance education, lessons were delivered in a way that appealed to the
visual, auditory, and tactile senses, making it easier for students to learn. I believe they were more
positively affected in terms of learning.” This statement highlights that distance education can be more
beneficial because it engages multiple senses. These findings suggest that teachers tend to perceive the
use of multiple representations as a teaching strategy more suited to face-to-face instruction, while
experiencing difficulties in sustaining representational diversity and fostering student interaction in
digital environments.

Discussion, Conclusion and Recommendations

In this study, which examined primary school teachers’ views and experiences regarding the use
of multiple representations in mathematics lessons during the distance education process, the first focus
was on identifying the courses in which multiple representations were perceived as most necessary and
the reasons underlying this need. The findings revealed that the use of multiple representations was
considered most necessary in mathematics lessons. Similarly, Eroglu and Tanigli (2021) reported that
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mathematics is the subject in which multiple representation practices are most frequently used.
Participants stated that not only mathematics but also all primary school subjects involving abstract
concepts require concretization through multiple representations to support meaningful learning. Indeed,
the literature emphasizes that the use of multiple representations plays a particularly important role in
understanding abstract mathematical concepts (Ayyildiz & Cansiz Aktas, 2022; Prain & Waldrip, 2006;
Sezgin, 2019). The findings of the present study indicate that teachers predominantly evaluated multiple
representations within the framework of their concretization function, suggesting that their awareness
of higher-level pedagogical functions of representations, such as conceptual structuring, generalization,
or transformation between representations, may be limited. This finding suggests that the constructive
and constraining roles of representations, as defined in Ainsworth’s (2006) framework, are not
sufficiently enacted by teachers.

Teachers frequently explained the need for multiple representations in mathematics using
concepts such as concretization, connection to real life, and comprehensibility. In this context, relating
mathematical concepts to daily life through word problems can be considered to contribute to conceptual
learning and to integrate with the modeling process (Gainsburg, 2008). These explanations indicate that
representation use is not limited to visual or physical tools but also provides a cognitive framework that
supports the structuring of learning. However, the strong emphasis on the complementary function of
representations in teachers’ statements suggests that the constraining and constructive roles identified
in Ainsworth’s (2006) framework are not sufficiently recognized. Consistent with this finding,
Ainsworth et al. (2002) demonstrated that representational diversity alone is insufficient and that the
design and coordination of representation systems are decisive factors in learning.

The abrupt transition to distance education during the pandemic necessitated the reorganization
of teachers’ instructional routines. The findings show that teachers used concrete materials more
intensively in face-to-face instruction but were unable to sustain such representational practices in
distance education. Learning processes supported by concrete tools in classroom settings were largely
replaced by videos, presentations, or digital platforms in online environments. This shift limited
teachers’ use of multiple representations in distance education. As suggested by Heddens and Speer
(1997), structuring representations from concrete to abstract is critical for students’ conceptual
development; however, teachers’ views indicate that this progression was often not achieved in distance
education. This finding suggests that teachers may lack sufficient pedagogical support and design
knowledge to establish representational connections and present representations in a cognitively
integrated manner in digital environments. Similarly, Ryken (2009) emphasizes that teachers’ limited
ability to recognize students’ thinking through representations can reduce learning opportunities.

Another notable finding concerns teachers’ pedagogical content knowledge related to multiple
representations. Interviews revealed that representation types were often perceived as being limited to
concrete objects, visuals, or game-based activities, while verbal, symbolic, graphical, or algebraic
representations were largely neglected. This suggests that teachers’ conceptual knowledge of multiple
representations is limited, and the depth of this knowledge is not sufficiently reflected in their practice
(Bicer, 2021; Hidayat et al., 2024). Prayitno et al. (2021) similarly reported that preservice teachers’
ability to transform representations is directly related to conceptual understanding. In this regard,
primary school teachers’ shortcomings in using multiple representations can be attributed to limitations
in pedagogical content knowledge (Shulman, 1986). Teachers’ limited ability to recognize relationships
among representation types and reflect these relationships in instructional design indicates weaknesses
in PCK components. These results are consistent with Dreher and Kuntze’s (2015) findings, which show
that teachers struggle to notice and pedagogically interpret representational connections. Friesen and
Kuntze (2020) also emphasize that limited professional knowledge related to representation use directly
affects teachers’ classroom decisions. Similarly, Sengiil and Mancoglu Kaplan’s (2024) video-based
study demonstrated that teachers experience difficulties in establishing representational transitions and
analyzing problem situations from a representational perspective, aligning with the findings of the
present study.

According to the findings, video watching emerged as the most prominent form of
representation in distance education. However, teachers did not clearly articulate which types of
representations were embedded in these videos or how they contributed to the learning process.
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Although representations such as graphs, tables, and figures were used to a limited extent, their use was
largely shaped by teachers’ technological competence and access. Huang et al. (2022) similarly reported
that teachers in the Chinese context were unable to effectively integrate representations with digital tools
during the sudden shift to online teaching, a finding that aligns with the present study. Teachers’
tendency to view videos primarily as tools for consuming ready-made content indicates limited cognitive
awareness regarding the planning of representation pedagogy. Atasoy and Yigitcan Nayir (2019) also
found that students tended to watch EBA videos passively, which constrained mathematical
understanding. These results suggest that video-based representations do not sufficiently support
conceptual understanding without pedagogical guidance in distance education.

Teachers were found to use several technology-supported platforms during distance education,
including EBA, Okulistik, Morpa Kampiis, Wordwall, and Kahoot. However, these tools were generally
used to support the learning process in a general sense rather than to explicitly present multiple
representations. That is, teachers appeared to use these tools primarily for content access or interaction
rather than in alignment with the pedagogical functions of multiple representations (Baroroh et al.,
2021). This finding suggests a limited understanding of how technology can be effectively integrated
with representation-based instruction (Bozi¢ et al., 2023). Yet, technology has the potential not only to
present content but also to visualize and make interactive the representational connections that support
conceptual transitions (Ainsworth & VanLabeke, 2004; Rau et al., 2009). Mishra and Koehler’s (2006)
TPACK framework clearly demonstrates that representations remain superficial when technology is not
integrated with pedagogical and content knowledge. The present study similarly indicates that teachers
have limited experience in planning and implementing the integration of technology and representation.

The fact that teachers rarely mentioned mathematics-specific digital tools such as Matific,
Mathigon, Polypad, or GeoGebra is also noteworthy. These tools enable abstract concepts to be
presented holistically through visual, symbolic, and algebraic representations (Debrenti, 2015; Hwang
et al., 2009; Pierce et al., 2011). Teachers’ lack of knowledge regarding the integration of technology
with representation types limits the depth of instructional activities. Therefore, not only access to digital
tools but also knowledge and skills related to their pedagogical use are critical. This finding highlights
the importance of simultaneously developing PCK and TPACK components at the intersection of
representation pedagogy and technology.

Although some teachers believed that distance education offered greater opportunities for using
multiple representations, the dominant view was that face-to-face instruction is more advantageous in
terms of representational diversity and instructional depth. This perception can be explained by teachers’
limited capacity to integrate technology with representation-based instruction. Hidayat et al. (2024)
emphasized a significant relationship between teachers’ technological pedagogical content knowledge
and their competencies in using multiple representations. Similarly, Giiciin and Geng (2022) found that
technology use influences representational preferences. Thus, teachers’ difficulties in effectively using
representations in distance education stem not only from technical constraints but also from limitations
in representation knowledge, pedagogical content knowledge, and the integration of technology

pedagogy.

This study revealed the views and experiences of primary school teachers regarding the use of
multiple representations in mathematics lessons during the distance education process, yielding
important insights into the role of representations in instruction. Teachers perceived the use of multiple
representations as particularly necessary for concretizing mathematical topics and relating them to daily
life. However, their awareness of representational diversity, inter-representational relationships, and
cognitively constructive representations was found to be limited. This result is consistent with studies
indicating the need for development in teachers’ representational awareness and PCK components
(Dreher & Kuntze, 2015; Friesen & Kuntze, 2020; Ryken, 2009). In distance education, representation
use was largely confined to videos, presentations, and ready-made digital content, while interactive and
transformable representation types were insufficiently utilized. Findings reported by Atasoy and
Yigitcan Nayir (2019) and Sengiil and Mancoglu Kaplan (2024) similarly indicate that video-based and
digital content have a limited impact on conceptual learning without pedagogical guidance. In this
context, developing teachers’ competencies in integrating technology with representations in a holistic
manner within the TPACK framework is crucial.
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Based on the findings of this study, the following Teacher Competency Framework for the Use
of Multiple Representations in Distance Education is proposed:

1. Representation Knowledge: Knowledge of representation types, the ability to distinguish
representational functions, and an understanding of relationships among representations.

2. Pedagogical Representation Knowledge: The ability to select, sequence, and transform
representations to support conceptual learning.

3. Digital Representation Integration: The ability to pedagogically integrate technological
tools to support transitions between representations.

4. Contextual Application Skills: The ability to sustain representational diversity and design
strategies that enhance student interaction in distance education contexts.

In terms of practical implications, in-service training programs should be provided to teachers
focusing on multiple representation types, representational functions, and inter-representational
transformations. In particular, applied training should be offered on integrating tools such as GeoGebra,
Polypad, Desmos, and Matific with representation pedagogy. Increasing the availability of interactive,
representation-based content on platforms such as EBA is also recommended. Regarding teacher
education, preservice teachers should be supported through practice-oriented courses that emphasize the
pedagogical use of representations. Representation-based digital design activities aligned with the
TPACK framework should be integrated into teacher education programs. For future research, studies
with larger samples may yield more generalizable findings regarding teachers’ use of representations
across different contexts and levels. Research involving classroom observations could reveal
discrepancies between reported views and actual practices. Finally, experimental and mixed-method
studies examining the impact of representation-based instruction on student learning would make
valuable contributions to the literature.
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Uzaktan Egitim Siirecinde Siif Ogretmenlerinin Matematik Derslerinde
Coklu Temsil Kullanimina Iliskin Goriisleri
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Oz

Anahtar Kelimeler

Bu calismanin temel amaci, siif 0gretmenlerinin uzaktan egitim siirecinde
matematik derslerindeki ¢oklu temsil kullanimlarina yonelik gériislerini, yiiz yiize
egitimdeki uygulamalariyla birlikte degerlendirerek ortaya koymaktir. Nitel
aragtirma desenlerinden yorumlayici fenomenoloji yaklagimina gore tasarlanan
calismaya, Kastamonu ilinde gorev yapan ve kolay ulasilabilir durum 6rneklemesi
ile belirlenen 15 smf Ogretmeni katilmigtir. Veriler, yar1 yapilandirilmis
gorligmeler araciligryla toplanmis ve igerik analizi yontemiyle ¢oziimlenmistir.
Bulgular, 6gretmenlerin ¢oklu temsile yonelik farkindaliklarinin sinirli oldugunu,
dijital platformlarda temsilleri ¢esitlendirmenin zorlayici bulundugunu ve bu
konuda destekleyici egitimlere ihtiya¢ duyduklarini ortaya koymustur.
Ogretmenlerin temsilleri daha cok somutlastirma amaciyla kullandiklari, temsiller
arasi iligkilendirme ve doniisiim siireglerinde ise giicliik yagadiklari belirlenmistir.
Ayrica dgretmenlerin yiiz yiize egitimde ¢oklu temsil uygulamalarini daha etkin
bulduklar1 belirlenmistir. Calisma, g¢oklu temsillerin uzaktan egitimde etkili
kullanimina iliskin 6neriler sunmakta ve 6gretmen egitimine katki saglamaktadir.
Bu baglamda, 6gretmenlerin 6zellikle dijital temsilleri pedagojik olarak etkili
bi¢imde biitiinlestirebilmeleri igin hem teknoloji hem de ¢oklu temsil temelli
hizmet i¢i egitimlerle desteklenmeleri 6nerilmektedir.
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Giris

Matematik egitiminin temel sorunlarindan biri, matematigin nasil daha etkili dgretilebilecegi
sorusuna yanit aramaktir. Ulusal ve uluslararasi ¢erceve belgeler (CCSSI, 2010; MEB, 2018; 2024;
NCTM, 2000) anlamli 6grenmenin matematik Ogretiminin merkezinde yer almasi gerektigini
vurgulamaktadir. Anlamli 6grenme, bireyin yeni karsilagtigi bilgiyi mevcut bilgi yapilariyla
iligkilendirmesiyle olusur. Bu siireg, bilgilerin zihinde yapilandirilmasi, karsilastirma ve iliskilendirme
gibi bir dizi biligsel isleme dayanir (Yanik, 2016; Yavuz Mumcu, 2023). Ancak matematigin soyut
dogasi, bu yapilandirma siirecini 6grenciler igin gii¢lestirmekte, bu da 6grenmenin derinligini
simirlayabilmektedir.

Skemp’in (1978) “iliskisel anlama” ve “iglemsel anlama” ayrimi bu durumu agiklamada temel
bir gerceve sunar. Islemsel anlama, kurallarin ve algoritmalarin uygulanmasmm icerirken; iliskisel
anlama, ne yapildigin1 ve neden yapildigin1 kavramaya odaklanir. Dolayisiyla, 6grencilerin kavramsal
anlayiglarimi derinlestirmek amaciyla matematiksel bilgilerin ¢ok yonlii temsillerle sunulmasi
gerekmektedir (Van de Walle vd., 2020). Ozellikle ¢oklu temsillerin (s6zel, gorsel, sembolik, somut,
dijital vb.) 6grenme siirecine dahil edilmesi, 6grencilerin soyut matematiksel fikirleri daha anlamli
sekilde yapilandirmalarini destekler (Cullen vd., 2020; Greno ve Hall, 1997; Tirer & Cantiirk Gilinhan,
2022). Bu noktada ¢oklu temsillerin yalnizca farkli gosterimler sunmakla kalmayip, bilissel siiregleri
diizenleme, yanlis anlamalari azaltma ve kavram ingasmni destekleme gibi iglevleri bulundugu
belirtilmektedir (Ainsworth, 2006). Bu nedenle, ¢oklu temsiller hem anlamli 6grenmenin hem de
iligkisel anlamanin gelistirilmesinde anahtar bir arag olarak goriilebilir.

Covid-19 pandemisiyle birlikte 6gretimin hizla ¢evrim i¢i ortamlara taginmasi, temsillerin
kullanimiyla ilgili pedagojik diizenlemeleri zorunlu kilmistir. Uzaktan egitim siirecinde 6gretmenler,
ogrencilerin dikkatini ¢ekmek, kavramsal anlamayi silirdirmek ve Ogrenme kayiplarmi azaltmak
amaciyla farkli temsil tiirlerine yonelmek durumunda kalmislardir (Bozkurt ve Sharma, 2020; Yilmaz
ve Kostur, 2021). Ancak bu siire¢te kullanilan temsillerin etkinligi, 6gretmenlerin dijital pedagojik
yeterlikleri ve temsil tiirleri arasindaki gecisi yonetme becerileriyle dogrudan iliskilidir. Ozellikle
temsillerin se¢imi, doniistiiriilmesi ve iligkilendirilmesi gibi iist diizey pedagojik kararlar, 6gretmenlerin
pedagojik alan bilgisi (PAB) ve teknolojik pedagojik alan bilgisi (TPAB) bilesenleriyle yakindan
baglantilidir. Bu baglamda, temsillerin uzaktan egitim ortamlarinda nasil kullanildigimi sif
Ogretmenlerinin deneyimleri {izerinden incelemek, hem temsil pedagojisi hem de dijital 6gretim
acisindan 0zgiin bir bakis acis1 sunmaktadir.

Bu ¢alisma, pandemi kosullarinda 6gretmenlerin ¢oklu temsilleri nasil kullandiklar1 ve bu
siirece iligkin deneyimlerinin anlagilmasma katki saglamaktadir. Bu baglamda c¢alisma, hem
Ogretmenlerin mesleki gelisim ihtiyaglarinin belirlenmesine hem de uzaktan ve harmanlanmig 6grenme
ortamlarinda matematik 6gretimine iliskin uygulamalara 151k tutabilecek niteliktedir. Literatiirde,
ozellikle sinif 6gretmenlerinin bu tiir baglamlardaki ¢oklu temsil kullanimina y6nelik deneyimlerini ele
alan nitel arastirmalar siirlidir. Bu durum, temsil pedagojisini ¢evrim i¢i ortamlarda uygulama
siirecinin nasil deneyimlendigine dair onemli bir arastirma boslugu oldugunu gostermektedir. Bu
nedenle elde edilen bulgular, gerek 6gretmen egitimi programlarinin yeniden yapilandirilmasi gerekse
dijital pedagojik stratejilerin gelistirilmesi acisindan onemli bir boslugu doldurmaktadir. Ayrica
arastirma, yorumlayici fenomenoloji yaklagimiyla yiiriitiilmiis olup, Ogretmenlerin ¢oklu temsil
kullanimina iliskin anlam diinyalarin1 ve pedagojik kararlarin1 derinlemesine incelemeyi
amaglamaktadir. Bu yoniiyle ¢alisma, yalnizca uygulama diizeyinde degil, 6gretmenlerin temsillere dair
biligsel ve pedagojik farkindaliklarinin niteligini de acgiga ¢ikaran bir yapiya sahiptir.

Matematiksel Temsil

Temsil, bir kavramin veya olgunun bagka bir bigimde gdsterimi olarak tanimlanabilir (Goldin
ve Kaput, 1996). Matematikte temsil, soyut diigiincelerin gorsel, sembolik, s6zel ya da fiziksel
bigimlerde ifade edilmesini saglar (Delice ve Sevimli, 2016). Bu temsiller araciligiyla 6grenciler,
matematiksel iliskileri anlamlandirabilir, problemleri ¢6zebilir ve kavramlar arasinda baglantilar
kurabilirler (Huinker, 2015; Karabey ve Erdogan, 2023). Ainsworth (1996), temsillerin sadece bilgiyi
sunmakla kalmayip ayn1 zamanda 6grenme iizerindeki biligsel yiikii diizenleyici bir islevi oldugunu da
vurgular. Nitekim arastirmalar, iyi yapilandirilmis temsillerin 6grencilerin biligsel yiikiinli azalttigini,
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kavramsal 6grenmeye katki sagladigini ve hatalar1 azalttigini1 gostermektedir (Alabdulaziz, 2021; Pape
ve Tchoshanov, 2001; Satsangi ve Sigmon, 2023). Ainsworth (2006) ¢oklu temsiller i¢in gelistirdigi ii¢
islevli taksonomi 6gretiminde (tamamlayici bilgi sunma, yanlis anlamalari sinirlama ve kavram insasini
destekleme) temsil kullaniminin neden yalnizca ¢esitlilik degil, pedagojik tasarim gerektirdigini agiklar.
Bu cergeve, O6gretmenlerin temsilleri nasil sectiginin ve temsiller arasi iliskileri nasil kurdugunun
ogrenme ¢iktilar iizerinde belirleyici oldugunu gostermektedir.

Coklu temsiller kavrami, bir matematiksel kavramin farkli bicimlerde sunulmasi ve bu bigimler
arasinda gecis yapabilme becerisini ifade eder (Goldin ve Shteingold, 2001; Heinze vd., 2009). Lesh vd.
(1987) temsilleri bes kategoriye ayirirken (gergek yasam durumlari, manipiilatif materyaller, resimler,
semboller ve dogal dil), Lesh ve Doerr (2003) bu smiflamay1 diyagramlar, grafikler ve tablolarla
genisletmistir. Temsil tiirleri arasinda geg¢is yapabilmek, O6grencilerin kavramsal anlamalarin
derinlestirirken, temsil tiirlerinde sinirli kalan Ogrenciler problem ¢6zme siireglerinde zorluk
yasayabilmektedir (Baroroh ve Mardiyana, 2021; Prayitno vd., 2021). Bu da temsil ¢esitliligi ile iliskisel
anlama arasindaki bagi acike¢a ortaya koymaktadir.

Bazi aragtirmalar, 6grencilerin 6zellikle gorsel ve sozel temsillerde daha basarili oldugunu,
ancak sembolik temsillere gegiste zorlandiklarini gostermektedir (Prayitno vd., 2021). Benzer sekilde,
sanal temsil araclarmin kavramsal 6grenmeye katkisini inceleyen Satsangi ve Sigmon (2023), sanal
ortamda kullanilan temsillerin 6zellikle matematikte giicliik yasayan dgrencilerde kavrayist artirdigini
ve biligsel yiikii azalttigini belirtmiglerdir. Bu da dijital temsil araglarinin 6zellikle uzaktan egitim
ortamlarinda daha etkili bigimde kullanilmas1 gerektigine isaret eder. Ote yandan, temsil kullaniminin
Ogretim siirecine etkisi yalnizca temsillerin 6zellikleriyle degil, 6gretmenlerin temsil farkindaligi, temsil
doniistimlerini yonetebilme becerisi ve pedagojik alan bilgisi ile dogrudan iligkilidir (Dreher ve Kuntze,
2015; Friesen ve Kuntze, 2020). Bu nedenle ¢oklu temsil, yalnizca bir 6gretim araci degil; 6gretmen
bilgi temellerinin niteligini yansitan bir pedagojik bilesendir.

Uzaktan Egitim Siirecinde Coklu Temsil Kullanin

Covid-19 pandemisi, egitim sistemlerini ani bir sekilde uzaktan egitime gegmeye zorlamis; bu
da dgretmenlerin 6gretim stratejilerini ve araglarini hizla doniistiirmesini gerektirmistir (Borba, 2021;
Huang vd., 2022; Sezgin ve Firat, 2020). Bu donemde 6gretmenler, 6grencilere matematiksel kavramlari
aciklarken gorsel, isitsel ve dijital temsillere daha fazla bagvurmak zorunda kalmislardir (Bozi¢ vd.,
2023). Ancak yapilan ¢aligmalar, bu gegisin her zaman planl ve pedagojik ilkelere dayali bigimde
gerceklesmedigini ortaya koymaktadir (Alabdulaziz, 2021; Yilmaz ve Késtiir, 2021; ).

Uzaktan egitimde ¢oklu temsillerin etkili kullanimi, sadece sunum bigimiyle degil; aym
zamanda 6grencinin temsiller arasinda gegis yapabilme, yorumlama ve doniistiirebilme becerisiyle de
ilgilidir (Bozi¢ vd., 2023; Yuhasriati vd., 2022). Bununla birlikte, dgretmenlerin temsilleri etkili
kullanabilmesi i¢in hem pedagojik hem de teknolojik becerilere sahip olmasi gereklidir (Huang vd.,
2022). Bu baglamda TPAB ¢ergevesi, ¢coklu temsil kullaniminin uzaktan egitim ortamlarinda neden
sinirl kaldigini anlamada 6nemli bir teorik arag sunmaktadir. Ogretmenlerin teknoloji bilgisi, pedagojik
bilgisi ve icerik bilgisi arasindaki etkilesim, temsillerin dijital ortama nasil uyarlandigint dogrudan
belirlemektedir (Mishra ve Koehler, 2006). Bu acidan bakildiginda, uzaktan egitimde 6gretmenlerin
coklu temsilleri ne derece islevsel kullandiklari, ne tiir zorluklar yasadiklar ve bu siirece yonelik algilar
onem arz etmektedir. Ozellikle temsillerin dijital araglarla biitiinlestirilmesi, temsil tiirlerinin
doniisiimiinii destekleyecek pedagojik tasarim bilgisi gerektirdiginden, simif Ogretmenlerinin bu
stirecteki deneyimlerinin incelenmesi kritik bir gereklilik haline gelmektedir. Bu ¢alisma, tam da bu
gereklilikten hareketle, uzaktan egitim baglaminda smif 6gretmenlerinin ¢oklu temsil kullanimina
iliskin deneyimlerini derinlemesine incelemeyi amaglamaktadir.

Bu dogrultuda, bu aragtirmanin amaci smif ¢gretmenlerinin Covid-19 siirecinde yiiriitiilen
uzaktan egitimde matematik derslerinde ¢oklu temsilleri nasil kullandiklarina ve bu kullanima iligkin
goriiglerine odaklanmaktir. Bu kapsamda ogretmenlerin deneyimleri, karsilastiklar1 zorluklar,
kullandiklar1 temsil tiirleri ve bu temsillerin 6grencilerin anlamasina etkisine iligkin goriisleri ele
alinmistir. Boylelikle hem temsil kullaniminin niteligi hem de Ogretmenlerin mesleki gelisim
gereksinimlerine dair ipuglar elde edilmesi hedeflenmistir.
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Yontem
Arastirmanin Deseni

Bu arastirma, sinif 6gretmenlerinin uzaktan egitim siirecinde matematik derslerinde ¢coklu temsil
kullanimina iligkin goriislerini derinlemesine incelemek amaciyla nitel arastirma yaklagimiyla
ylritilmiistiir. Nitel arastirmalar, bireylerin yasantilarina iliskin anlam ve yorumlarini ortaya koymayi
hedefler (Merriam, 2009). Bu dogrultuda arastirmada, nitel desenlerden biri olan fenomenoloji
benimsenmistir. Fenomenoloji, bireylerin belirli bir yagantiya iliskin 6znel algilarin1 ve deneyimlerini
anlamay1 amaglayan bir yaklasimdir (Smith vd., 2009; van Manen, 2023). Calismada ozellikle
yorumlayict (interpretatif) fenomenoloji yaklagimi tercih edilmistir. Bu yaklasim, katilimecilarin
deneyimlerine iligkin anlamlarin yalnizca betimlenmesiyle simirli kalmayip, aragtirmacinin verilerle
etkilesim hélinde derinlemesine yorum iiretmesini gerektirir. Arastirmaci, analiz siirecinde yalnizca
betimleme ile yetinmemis; katilime1 ifadelerini anlamlandirirken kendi 6nyargilarinin farkinda olmus
ve bu Onyargilarin analiz lizerindeki olasi etkilerini siirekli olarak sorgulamistir (Creswell, 2013; Smith
vd., 2009; van Manen, 2023). Bu baglamda arastirmaci, siirece yalnizca veri toplayic1 degil, ayni
zamanda yorumlayici bir rol iistlenerek katilmistir. Fenomenolojinin tercih edilmesinin temel nedeni,
ogretmenlerin ¢oklu temsil kullanimina iliskin uzaktan egitim deneyimlerini kendi baglamsal kosullar:
icinde derinlemesine anlamaya ve yorumlamaya olanak saglamasidir.

Calisma Grubu

Bu arasgtirmanin ¢alisma grubunu, 2020-2021 egitim-6gretim yilinda Kastamonu il
merkezindeki devlet okullarinda gorev yapan 8’i kadin, 7’si erkek olmak {izere toplam 15 sinif
Ogretmeni olusturmaktadir. Katilimcilarin belirlenmesinde, arastirmaya hiz ve pratiklik kazandirmasi
amaciyla kolay ulasilabilir durum 6rneklemesi tercih edilmistir. Bu 6rnekleme yontemi, aragtirmacinin
erisiminin kolay oldugu bireyleri se¢mesine imkan tanir. Ancak bu durum, elde edilen verilerin
genellenebilirligi ve giivenirligi agisindan sinirliliklar dogurabilir (Yildinm ve Simsek, 2013). Bu
sinirlilig1 azaltmak amaciyla, 6gretmenlerin farkli okullarda gérev yapmalari, farkli yas gruplari ve sinif
diizeylerinde 6gretim yapmalari ve mesleki kidem agisindan ¢esitlilik gostermeleri dikkate alinarak
maksimum ¢esitlilik saglanmaya calisilmistir. Ayrica, tim katilimcilar goniilliliik esasma gore
arastirmaya dahil edilmistir. Bu yaklagim, fenomenolojik aragtirmalarda katilimer ¢esitliligi yoluyla
deneyimlerin farkli boyutlarinin goriiniir kilinmasini destekleyen bir strateji olarak goriilmiistiir. Tablo
1’de, katilimc1 6gretmenlerin cinsiyet, yas, mesleki kidem ve gorev yaptiklari sinif diizeyine iligkin
dagilimlarina yer verilmistir.

Tablo 1. Calisma grubunu olusturan sinif 6gretmenlerine yonelik bazi bilgiler

Degisken Alt degisken
Kadin
Erkek
20-30 yas
Yas 31-40 yas
41-50 yas
0-5 yil
6-10 y1l
Mesleki kidem 11-15 y1l
16-20 y1l
21 yil ve tizeri

Cinsiyet

1.smmf
2.smif

Ogretmenlik yaptig1 sinif
3.smif

E N \S VS B N SN R B2 T B RN Be R Y

4.smf
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Tablo 1°de, katilimct O6gretmenlerin cinsiyet, yas, mesleki kidem ve gorev yaptiklart sinif
diizeyine iliskin dagilimlarina yer verilmistir. Verilere gore 6gretmenlerin ¢cogunlugu 11 yil ve iizeri
mesleki kideme sahip olup, 31-40 yas araliginda yogunlagmaktadir.

Veri Toplama Araci

Bu aragtirmada veriler, gelistirilen yar1 yapilandirilmis goériisme formu araciligiyla toplanmistir.
Form, smif 6gretmenlerinin uzaktan egitim siirecinde matematik derslerinde ¢coklu temsil kullanimlarina
iligkin goriislerini ortaya ¢ikarmayi amaglayan agik uglu sorulardan olusmaktadir. Gériisme formunda
yer alan 6rnek sorulardan bazilar1 sunlardir:

e “Matematik Ogretim siirecinde ¢oklu temsil kullaniminin amag¢ ya da amaclar1 size gore
nelerdir?”

¢ “Yiiz ylize egitim-0gretim siirecinde ¢oklu temsil kullanim1 kapsaminda matematik
derslerinde ne tiir ¢alismalar yapiyorsunuz?”’

o “Uzaktan egitimle yiiriittiigliniiz matematik dersinde ¢oklu temsil kullanimi kapsaminda ne tiir
caligmalar yaptiniz?”

Formun gelistirilme siirecinde ilk olarak, ¢coklu temsil kullanimi ve uzaktan egitim konularinda
literatiir taranarak taslak bir goriisme formu hazirlanmistir. Bu taslak, biri matematik egitimi, digeri
egitim bilimleri alaninda uzman iki akademisyen ile iki siif 6gretmenine sunulmustur. Uzmanlardan
formun kapsam gegcerliligi, soru ifadesi agiklig1 ve icerik tekrarlar1 konusunda goriis istenmistir. Gelen
doniitler dogrultusunda bazi sorular yeniden yapilandirilmis, benzer icerikte olanlar birlestirilmis ve
toplamda 9 agik uglu sorudan olugan son hali olusturulmustur. Ardindan, arastirma grubuna dahil
olmayan iki Ogretmenle pilot goriismeler gerceklestirilmis, sorularin anlasilirhigr test edilmis ve
revizyona ihtiya¢ duyulmadigi goriilmiistiir. Bu siireg, nitel veri toplama araglarinin gecerliligini
artirmak icin 6nerilen temel adimlara uygun sekilde yapilandirilmistir (Patton, 2014).

Yar1 yapilandirilmig derinlemesine goriismeler, egitim ve sosyal bilimlerde en sik kullanilan
veri toplama yontemlerinden biridir (Uslu ve Demir, 2023). Ozellikle fenomenolojik desenli
caligmalarda temel veri kaynagi olarak kabul edilir ve katilimcilarin deneyimlerini kendi kelimeleriyle
ifade etmelerine olanak tanir (Creswell, 2009). Bu arastirmada da veriler, sinif 6gretmenleriyle yapilan
bireysel goriismeler yoluyla elde edilmistir. Gorligmelere gegmeden Once arastirmanin amaci tekrar
aciklanmig, ses kaydi almacagi belirtilerek katilimcilarin sézIlii onayr alinmigtir. Tiim goriismeler
01.06.2021-01.09.2021 tarihleri arasinda ¢evrim igi ortamda gerceklestirilmis ve her biri ortalama 35
dakika slirmiistiir. Goriismeler sirasinda katilimcilarin kendi deneyimlerini rahatlikla aktarabilmeleri
amactyla giliven temelli ve esnek bir goriigme atmosferi olusturulmustur.

Verilerin Analizi

Aragtirmada elde edilen veriler, igerik analizi ydntemiyle ¢oziimlenmistir. Ilk olarak
Ogretmenlerle yapilan goriismeler ses kaydi araciligiyla kaydedilmis, ardindan bu kayitlar kelimesi
kelimesine yaziya aktarilmistir. Yazili hale getirilen veriler, nitel veri analizi ilkeleri dogrultusunda
sistematik bir bicimde incelenmistir. Icerik analizi, metinlerden baglama uygun, tekrarlanabilir ve
gecerli ¢ikarimlar yapmaya olanak saglayan bir analiz yontemidir (Krippendorff, 2018). Bu ¢aligmada,
icerik analizine dayali veri ¢ozlimlemesi siireci, Yildirim ve Simsek’in (2013) dnerdigi dort asamali
igerik analizi siireci esas alinarak gergeklestirilmistir: (1) verilerin kodlanmasi, (2) kodlardan temalarin
belirlenmesi, (3) verilerin temalara gore diizenlenmesi, (4) bulgularin tanimlanmasi ve yorumlanmast.
Bu siirecte goriisme metinleri satir satir okunmus, 6gretmen ifadelerinden anlamli birimler belirlenerek
kodlar olusturulmustur. Benzer icerikteki kodlar gruplanarak temalar tiiretilmis ve her tema, bulgular
boliimiinde ayri bir tablo araciligiyla sunulmustur. Goriisme verileri temalara gore diizenlenmis ve
katilimer ifadelerine dogrudan yer verilerek yorumlanmigtir. Bu analiz yaklasimi, igerik analizinde
giivenilirlik ve seffaflik ilkesini esas alan yapilandirilmis bir stirece dayanmaktadir (Bengtsson, 2016).
Kodlama siireci aragtirmacilar tarafindan yiiriitilmis, anlam birimleri lizerinden ortak analiz yaklagimi
gelistirilmis ve analiz siirecinde arastirmacilar arasi tutarlilik gozetilmistir.
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Gecerlik-Giivenirlik Calismalar:

Nitel aragtirmalarda gegerlik kavrami yerine genellikle “inanilirlik” kavrami tercih edilmektedir
(Riizgar vd., 2023). Bu aragtirmada inanilirligin saglanmasi amaciyla gelistirilen yar1 yapilandirilmig
goriisgme formu, uygulama oncesinde biri temel egitim matematik egitimi, digeri egitim bilimleri
alaninda uzman iki akademisyenin ve iki deneyimli simif Ogretmeninin gdriisleri alinarak
degerlendirilmis ve revize edilmistir. Gorlisme formu ayrica calisma grubunda yer almayan iki
Ogretmenle pilot uygulamaya tabi tutulmustur. Veri toplama siirecinde katilimcilarin goniilliiliik esasina
gore belirlenmesine ek olarak, dgretmenlerin gorev yaptiklari okullar, mesleki kidemleri ve ders
verdikleri sinif diizeyleri gibi degiskenlerde cesitlilige dikkat edilmistir. Boylece verilerin farkl
baglamlardan elde edilerek zenginlestirilmesi hedeflenmistir. inanilirlig1 artirmak amaciyla elde edilen
veriler tablolar halinde okuyucuya sunulmus, her tablonun altinda ilgili bulgular destekleyen dogrudan
katilimer alintilarina yer verilmistir. Ayrica arastirmacilarin her biri analiz siirecine aktif bigimde
katilmig; kodlama ve tema olusturma siirecleri karsilastirmali olarak yiiriitiilmiis ve ortak goriis birligi
saglanmistir. Giivenirligin saglanmasi1 amaciyla kodlayicilar arasi uyum analizine bagvurulmustur.
Arastirmacilar arasinda elde edilen uyum diizeyi Cohen Kappa katsayisi ile hesaplanmis ve yaklasik
%90 oraninda goriis birligi tespit edilmistir. Bu yaklasim, nitel aragtirmalarda giivenirligi artirmak i¢in
Onerilen yontemler arasinda yer almaktadir (Miles ve Huberman, 1994).

Etik ilkeler ve Katilimet Onami

Arastirma siirecinde etik kurallara titizlikle uyulmustur. Veri toplama siirecine ge¢ilmeden once,
caligmanin amact ve kapsami katilime1 6gretmenlere agik bir sekilde ifade edilmis; goriismelerin ses
kaydma alinacagi ve elde edilen bilgilerin yalnizca bilimsel amagla, gizlilik ilkesi gozetilerek
kullanilacag: belirtilmistir. Katilimeilarin tamamindan goniilliiliik esasina dayali olarak sozlii onam
almmigstir. Goriisme kayitlart ve yazili dokiimanlar kisisel bilgilerden arindirilmig, tiim katilimei
kimlikleri anonimlestirilmistir.

Bulgular

Arastirmada ilk olarak ¢aligma grubunda yer alan 6gretmenlere ¢oklu temsil kullanimina en ¢ok
ihtiya¢ duyulan ders ya da derslerin neler oldugu ve bu ihtiyacin nedenleri sorulmus, elde edilen bulgular
tablo 2’de sunulmustur.

Tablo 2. Coklu temsil kullanimina en c¢ok ihtiya¢ duyulan dersler ve ihtiya¢ duyulma nedenleri

Dersler f Ihtiya¢ duyulma nedenleri f
Matematik 15 Soyut konu/kavramlarin somutlagtirilmasi 12
Tiirkce 4 .
. Dersin anlasilmasini kolaylagtirma 3

Fen Bilgisi 3
Sosyal Bilgiler 2 . .

. Hazirbulunuslugu saglayabilme 2
Tiim dersler 2

*Frekans degerlerinin ¢alisma grubunda yer alan 6gretmen sayisindan daha fazla olmasmm nedeni
katilimcilarin birden fazla yanit vermesinden kaynaklanmaktadir.

Tablo 2 incelendiginde smif 6gretmenleri, ¢coklu temsil kullanimina en fazla ihtiyag¢ duyduklar
dersin matematik (f=15) oldugunu ifade etmislerdir. Matematik dersini sirasiyla Tiirk¢e (f=4), Fen
Bilgisi (f=3) ve Sosyal Bilgiler (f=2) dersleri izlemistir. Buna ilaveten sinif 6gretmenleri “coklu temsil
kullanimina neden ihtiya¢ duyuyorsunuz?” sorusuna en fazla soyut konu ya da kavramlarin
somutlagtirilmasini saglama (f=12) durumunu gerekce gostermislerdir. Bunun yani sira dersin farkli
ornek ve materyaller kullanilarak anlagilmasinin kolaylastirilmas: (f=3) ve yeni konularin 6gretimi
noktasinda hazirbulunuslugun saglanmasina imkan vermesi (f=2) 6gretmenlerin 6ne sirdigi diger
gerekeeler olmustur. Ogretmenlerin aciklamalarina bakildiginda O15, “Matematik, say: kavrami basl
basina zaten soyut oldugundan dolayr matematik dersini somutlastirmamiz lazim.” ifadesiyle matematik
dersini Ozellikle 6n plana ¢ikarirken gerekge olarak da somutlagtirmay1 vurgulamistir. Benzer sekilde
O1 “Sosyal Bilgiler ve Tiirkce derslerinde kullaniyoruz, biitiin derslerde kullaniyoruz ama en ¢ok
Matematik ve Fen dersinde kullantyoruz. Ciinkii bu derslerin somutlastiriimasi gerekiyor.” ifadesiyle
tiim derslerde ¢oklu temsil kullanimina yer verdigini ancak 6zellikle matematik ve fen derslerinde daha
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siklikla bagvurdugunu ifade etmis ve yine somutlastirma kavramimi o©n plana c¢ikarmistir.
Hazirbulunusluga vurgu yapan O4, “Benim okulumda cocuklarin én hazirligi yok. Hayat Bilgisi hari¢
Tiirkce ve Matematikte bu tarz etkinliklere daha ¢ok yer vermeye ¢alistyorum. Ozellikle matematikte,
¢linkii ¢ocuklarin alt yapist yok.” aciklamasini yapmistir. Bu bulgular, 6gretmenlerin ¢oklu temsil
kullanimin1 ¢ogunlukla “somutlastirma” isleviyle iliskilendirdiklerini gostermekte; temsillerin
pedagojik olarak farkli amaclara hizmet edebilecegine dair farkindaliklarinin sinirli olabilecegine isaret
etmektedir.

Arastirmanin sonraki asamasinda sinif 6gretmenlerine “Size gére matematik derslerinde ¢oklu temsil
kullaniminin amaglar1 nelerdir?”” sorusu yoneltilmis ve ulagilan bulgulara tablo 3’ te yer verilmistir.

Tablo 3. Matematik 6grenme-6gretme siireglerinde ¢oklu temsil kullaniminin amaglari

Amaglar f
Gergek hayatla iliskilendirme, somutlastirma 11
Dersin anlagilabilirligini artirma 7
Farkli yontem kullanim imkéni 3
Farkl1 zeka tiirlerine hitap etme 2

Tablo 3’te yer alan bulgulara gore sinif 6gretmenleri, matematik konularinin 6gretiminde ¢oklu
temsil kullaniminin gerekgesini ¢ogunlukla somutlagtirma ya da gercek hayatla iliskilendirme (f=11)
olarak aciklamislardir. Buna ilaveten sinif 6gretmenleri tarafindan 6zellikle vurgulanan diger amaglar
dersin anlagilabilirligini artirma (f=7), farkli yontemlerin ise kosulmasina imkén saglama (f=3) ve farkli
zeka tiirlerine hitap etme (f=2) olmustur. Arastirmaya katilan dgretmenlerden O4, “Matematik
cocuklara soyut geliyor. Ne kadar somutlastirirsak, giinliik hayatlarindan ne kadar 6rnek verir, giinliik
hayatla ne kadar iliskilendirebilirsek anlamalart o kadar kolay oluyor.” ifadesiyle somutlastirma ve
gercek hayatla iliskilendirmeye deginmistir. O2 ise “Cocuga konuyu kavratmak, konuyu kavramasini
saglamak igin yapiyoruz bunu. Yani normalde de bir 6gretmen konuyu verebilir ama soyuttan somuta
gegebilmek icin matematik derslerinde ¢oklu temsil kullaniyoruz.” agiklamasiyla hem matematiksel
kavramlarin somutlagtirilmasina hem de matematik konularmin anlagilabilirliginin artmasina vurgu
yapmistir. Bu agiklamalar, 6gretmenlerin temsilleri daha ¢ok “anlamayi kolaylastirma” araci olarak
gordiiklerini, ancak temsillerin kavramsal yapilandirma, genelleme veya farkli temsiller arasinda gecis
saglama gibi daha iist diizey pedagojik islevlerine iliskin farkindaliklarmin smirli olabilecegini
diistindiirmektedir.

Aragtirma kapsaminda sinif 6gretmenlerine yoneltilen bir diger soru ise salgin dncesi yliz yiize
egitim siirecinde ve salgin sonrasi uzaktan egitim siirecinde matematik derslerinde g¢oklu temsil
kullanim1 kapsaminda ne tiir etkinlikler/faaliyetler yiiriittiikklerine yoneliktir. Bu kapsamda elde edilen
bulgular tablo 4’te sunulmustur.

Tablo 4. Sinif 6gretmenlerinin hem yiiz yilize hem de uzaktan egitim siirecinde matematik derslerinde ¢oklu temsil
kullanimlarina yonelik gerceklestirdikleri faaliyetler

Yiiz ylize egitim siirecinde Uzaktan egitim siirecinde

Gorseller/modeller kullanma Video izleme

Grafikler/sekiller kullanma

f
9

Ek materyal kullanma 7  Gorseller/modeller kullanma
Etkinlik yapma/oyun oynama 5
4

Ogrencilerin el becerilerini kullanma Ogrencilerin el becerilerini kullanma

— W W N O |

Etkinlik yapma/oyun oynama

Tablo 4’teki bulgular incelendiginde arastirmaya katilan smif dgretmenlerinin, heniiz salgin
yasanmadan Once yliz yiize egitim faaliyetleri devam ederken matematik derslerinde ¢oklu temsil
kullanim1 kapsaminda en ¢ok, islenen konuya uygun gorseller/modeller kullanma (f=9) faaliyetleri
gerceklestirdikleri goriilmektedir. Bunun diginda dgretmenler ek materyal kullanarak (f=7), 6grencinin
stirece katilimini saglayan etkinlikler gerceklestirip oyunlar oynatarak (f=5) ve oOgrencilerin el
becerilerini ise kosabilecekleri uygulamalar (f=4) gerceklestirerek matematik derslerinde ¢oklu temsil
kullanimini  gerceklestirdiklerini ifade etmislerdir. Omegin 06, “Akilli tahta ile gorsel temsil
kullanwyordum. Swufin iginde c¢ocuklart siirece katip oyun oynuyoruz. Yas problemlerinde resim
cizerim.” ifadesiyle oyun seklinde etkinlik yaptirdigim ifade etmistir. Ogrencilere tasarim yaptirarak
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derse aktif katilimlarini saglamay1 amaclayan O12 ise “Biitiin matematik konularinda, kavramlarinda
mutlaka bir etkinlik yaptik. Birlikler onluklar getirip ¢ocuklarin oniine serdik. Geometrik cisimleri
cocuklarin yapmalarmm sagladik. Késelerini ayritlarini her yerinden incelemelerini soyledik. Kesirlerde
herkesin meyve getirmesini sagladim. Metrede uzunluk ol¢mede iplerle kendi karislarim, adimlarin
olciip birbirleriyle karsilastirmalarin sagladim. Birbirlerinin farkli olduklarini gordiiler. Tiim
konularda ellerine bir sey almalarmmi, gormelerini saglamaya c¢alistim. Saat yapmalarini
tasarlamalarmi sagladik, saat iigii ¢eyrek geciyor hadi herkes ayarlasin gibi uygulamalar yaptik.
Ogrenmesi icin de eglenmesi gerekiyor.” ifadesiyle hazir somut nesnelerin kullanimma vurgu yaptigi
gibi 6grenciler tarafindan olusturulan somut nesnelere ve uygulanan gergek yasam orneklerine de
onemle deginmistir.

Tablo 4’te yer alan diger bulgu ise salgin sonrasi uzaktan egitim siire¢lerinde gerceklestirilen
faaliyetlere yoneliktir. Bu kapsamda arastirmaya katilan sinif 6gretmenleri salgin sonrasinda matematik
derslerinde ¢oklu temsil kullanimini gergeklestirmeye yonelik video izleme (f=9), islenen konuya uygun
gorseller/modeller kullanma (f=6), grafikler/sekiller kullanma (f=3), 6grencilerin el becerilerini ige
kosabilecekleri uygulamalar tasarlama (f=3) ve etkinlikler gergeklestirip oyunlar oynatma (f=1) tarzinda
faaliyetler gerceklestirdiklerini ifade etmislerdir. Ornegin O8, “Uzaktan egitimde ¢ocuklar temas
edemediler ama evdeki levhalar ve bloklarla isledim. Makarnalar iist tiste yapistirdim onluk ve
birlikleri gérsel olarak kullandim. Biitiin yarim ¢eyrek konusunda ¢ocuklar kendileri meyveleri keserek
konuyu islediler. Saat yaptilar.” aciklamasiyla yiiz yiize egitim silirecinde somut olarak dokunup
kullanabildikleri bazi nesnelerin sadece gorselleri ile karsi karsiya kalirken bazilart ile ev ortaminda yine
somut olarak faydalandiklarini ifade etmistir. O4 “Kendileri yapamadigi i¢in video izletiyorum.
Videolar: daha fazla kullandim.” ifadesiyle 6grencilerin evlerinde materyal olmamasindan dolay1 video
izleterek coklu temsil uyguladigini belirtmistir. 014 “Video, gorselleri ya da paylasim yaptigimiz tahta
tizerinde gorsel uyaranlarla temsilleri uyguluyorduk. Geometrik sekilleri ifade ederken kullandigimiz
gorseller var. Bunlarin renklendirilmis sekillerde farklt boyutlarda ¢izimlerinden olusan gorselleri
kullandik.” ifadesiyle teknolojik araglar kullanarak sekiller ¢izip ders anlatimi yaptiklarini ifade etmistir.
010 ise “Materyalimiz ¢cok fazla olmadigi icin daha ¢ok kavram haritast kullandik. Gegen yil E-twinning
projesi yapmuistik. Proje kapsaminda da her ana dersten her hafta bir etkinlik yaptik, somut materyaller
yaptik. Daha ¢ok materyal yaptilar. Daha ¢ok ¢ocuklarin yapabilecegi materyalleri kullandik.
Cocuklara bir seyler yaptirdik. ” ifadeleriyle uzaktan egitimde ¢oklu temsil olarak sekilleri ve grafikleri
kullandigimi agiklamistir. Bu bulgular, yiiz yiize egitimde temsil tiirlerinin ¢esitliliginin yiliksek oldugunu
ancak uzaktan egitimde temsil kullanimimin daha sinirh, ¢ogunlukla gorsel ve pasif alimla smirh
kaldigin1 gostermektedir. Bu durum, 6gretmenlerin dijital ortamda temsil doniisiimlerini ve etkilesimli
temsil kullanimini planlama konusunda zorlanabildiklerine igaret etmektedir.

Aragtirmada siif 6gretmenlerine uzaktan egitim siirecinin, matematik derslerinde ¢oklu temsil
kullanimlaria nasil etki ettigi sorulmus ve yanitlar kapsaminda ulagilan bulgulara tablo 5’te yer
verilmigtir.

Tablo 5. Uzaktan egitimin matematik dersinde ¢oklu temsil kullanim siireglerine etkisi
Etki
Olumlu etki Derste teknoloji kullaniminin artmasi

Kullanilan temsil tiiriiniin sinirlanmast

Ogrencinin aktif katiliminin azalmasi
Olumsuz etki Somut nesnelerin kullanilamamasi

Ders i¢i etkinliklerin yapilamamasi

N DD WD 00 0[N | =

Ders siiresinin yetersiz hale gelmesi
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Tablo 5’te yer alan bulgulara gore, aragtirmaya katilan smif 6gretmenleri uzaktan egitim
siirecinin matematik derslerinde ¢oklu temsil kullanim siiregleri iizerinde ¢ogunlukla olumsuz etki
meydana getirdigini aciklamislardir. Iki 6gretmen ise hazirliksiz bir sekilde gecilen bu zorunlu siirecin
matematik derslerinde ¢oklu temsil kullanimina olumsuz etkileri olsa da derslerinde teknoloji destekli
uygulamalara daha fazla yer vermelerine vesile olmasindan dolayr olumlu yaklastiklarini ifade
etmislerdir. Olumsuz etkileri 6n plana cikaran siif 6gretmenlerinin 6zellikle farkli temsil tiirlerinin
kullanilmas1 noktasinda uzaktan egitimin kendilerini sinirlandirdigini (f=8) ve Ogrencilerin aktif
katilimlarinin yiiz yiize egitim siirecindeki gibi olmamasindan dolay1 (f=8) yine ¢oklu temsil kullanimini
yeterince verimli bir sekilde gergeklestiremediklerini ifade etmiglerdir. Bazi 6gretmenler ise uzaktan
egitim siirecinde ¢oklu temsil tilirlerinden somut model/nesne kullanimindan yeterince
faydalanamadiklarini (f=5) vurgulamislardir. Konu ile ilgili O7 “Kisitlamaya yol agti. Mesela gercekten
gidip de alisveris yapma sansimiz yoktu. Gorsellerle destekleyebildik sadece.” ifadesiyle temsil
kullanimini ¢ogunlukla gorseller tizerinden ele aldiklarini, 6zellikle gercek hayat temsillerini yeterince
kullanamadiklarini belirtirken, O10, “Matematikte sumf i¢i somut materyaller kullanamadik bir kere.
Bire bir ogrenciden geri doniit alamadim. Coklu temsil konusunda da matematik dersi yaparak
yvasayarak igledigimiz bir dersti. Uzaktan egitimde de bu konuda olumsuz etkilendik.” ifadesiyle hem
gercek hayat hem de somut nesne temsilleri agisindan yeterince verimli bir siire¢ gegiremediklerini
vurgulamislardir. O13 ise siirecin olumlu taraflar1 oldugunu belirterek “Coklu temsilde teknolojinin
kullamimi daha avantajli. Tek sikintisi somutlastiramamak. Modellemelerin ¢ogu teknolojik ortamda
daha kolay ve hizli yapildi.” agiklamasini yapmistir. Bu bulgular, uzaktan egitim siirecinde temsillerin
daha c¢ok gosterim diizeyinde kaldigini; doniisiim, etkilesim ve Ogrenci-merkezlilik gibi temsilin
pedagojik boyutlariin yeterince desteklenemedigini gostermektedir. Bu durum, dgretmenlerin temsil
kullanimin1 dijital ortama uyarlama siirecinde giigliik yasadiklarina isaret etmektedir.

Arastirma kapsaminda siif 0gretmenlerine yoneltilen bir diger soru ise “Uzaktan egitim
siirecinde, matematik derslerinizde ¢oklu temsil kullamimina olanak sagladigini diisiindiigiiniiz
uygulama, web sitesi ya da teknoloji temelli araglar nelerdir?” olmustur. S6z konusu soruya yonelik
Ogretmenlerin verdikleri cevaplar tablo 6’da sunulmustur.

Tablo 6. Sinif dgretmenlerinin uzaktan egitim siirecinde matematik derslerinde ¢oklu temsil kullanimi i¢in
faydalandiklar1 web temelli siteler ve araglar.

Egitsel e-igerik platformlari f Web 2.0 araglari/uygulamalar f
EBA 11 Wordwall 5
Okulistik 8 Kahoot 3
Morpa kampiis 6 Educandi 1
Paylasim/web siteleri f Mentimeter 1
Egitimhane 4 Quizizz 1
YouTube 3 Canva 1
Tlkokull 2 Carpanga 1
Mebders 2
Odevmatik 1
Pinterest 1
Web’de 6gren 1

Tablo 6 incelendiginde siif 6gretmenlerinin uzaktan egitim siirecindeki matematik derslerini
farkli temsil tiirleriyle zenginlestirebilme adina EBA, Okulistik ve Morpa kampiis gibi egitsel e-igerik
platformlari1 daha fazla tercih ettikleri goriilmektedir. Sinif Ogretmenleri egitsel e-igerik
platformlarinin yani sira 6gretmenlerin genel olarak paylasimlarda bulunduklar1 egitsel paylasim
sitelerinin yani sira genel igeri sahip web siteleri ile web 2.0 araglar1 ve uygulamalardan da
faydalandiklarini vurgulamiglardir. Egitsel e-igerik platformlar1 arasinda 6n plana ¢ikan platform EBA
(f=11) olurken, egitsel paylasim siteleri arasinda egitimhane (f=4), genel paylasim siteleri arasinda
youtube (f=3), web 2.0 araglar1 arasinda wordwall (f=5) ve kahoot (f=3) daha fazla tercih edilmistir.
Konuyla ilgili olarak O14, “Ben daha ¢ok grafik, tablet iizerinden ¢alismalarimi yaptim. Bunun yaninda
EBA iizerinde Fatih Kalem uygulamasi var. Youtube’'da da egitim videolarini kullandim.” agiklamasini
yaparken, O10 “Carpanga uygulamas: var. Ben bunu yiiz yiize egitimde de kullaniyordum. EBA’yi
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kullandim. Educandi kullandik. Okulistik kesinlikle ¢ok faydaliydi.”, O1 ise “Web sitesi olarak EBA,
Morpa kampiis, Kahoot, Quizizz. Bunlar haricinde Canva programindan etkinlikler hazirladim. Icerik
tretimi ile ilgili Wordwoall sitesine de kullaniyorum.” seklinde goriis belirtmislerdir. Bu bulgular,
Ogretmenlerin dijital araglar1 agirlikli olarak gorsel temsilleri sunmak i¢in kullandiklarimi; ancak
etkilesimli, iliskilendirici veya yapilandirici temsil tiirlerini pedagojik olarak biitiinlestirmede daha
sinirli kaldiklarint géstermektedir.

Aragtirma kapsaminda sinif 6gretmenlerine son olarak “Matematik égretim siireglerinde ¢oklu
temsil kullamminin ogrenciler iizerindeki etkisini hem yiiz yiize hem de uzaktan egitim siireci
kapsaminda nasil degerlendiriyorsunuz?” sorusu yoneltilmis ve yanitlar dogrultusunda ulasilan
bulgulara tablo 7°de yer verilmistir.

Tablo 7. Matematik O6gretiminde ¢oklu temsil kullaniminin hem yiiz ylize hem uzaktan egitim siiregleri
kapsaminda degerlendirilmesi

Coklu temsil kullanimi f
Yiiz ylize egitimde daha etkili 10
Her iki egitim seklinde de faydali kullanirim 4

Uzaktan egitimde daha etkili

Tablo 7° da yer alan bulgular incelendiginde arastirmaya katilan sinif 6gretmenlerinin
matematik derslerinde farkli temsil tiirlerinden yararlanma ve ¢oklu temsil kullanimindan verim saglama
noktasinda yiiz yiize egitimi (f=10) daha fazla tercih ettikleri goriilmektedir. Baz1 simif 6gretmenleri
(f=3) egitim-6gretim siireclerinin yliz ylize ya da uzaktan gerceklesmesinin ¢oklu temsil kullanim
durumlari iizerinde ¢ok fazla etkisinin olmayacagini belirterek her iki egitim siirecinde de farkli temsil
tiirlerini verimli bir sekilde kullanabileceklerini ifade etmislerdir. Bir sinif 6gretmeni ise ozellikle
teknolojik araglarla desteklenen matematik 6grenme-6gretme siireclerinin uzaktan egitim faaliyetleri
kapsaminda coklu temsil kullanimina daha uygun oldugunu belirtmistir. O15 “Sadece gérdiigiiniin
yiizde yirmisi, igittiginin yiizde ellisi hem igittigin hem gérdiigiiniin yiizde sekseni kalir diye bir sey var.
Kullanilan her teknoloji ya da gérsel isitsel dokunsal materyaller 6grenmeyi daha kalict hale getiriyor.
Uzaktan egitime gegmeden bunlart kullantyorduk ama materyaller sadece gorsel ya da isitsel olarak
kalyyordu. Ama uzaktan egitimde gorsel isitsel dokunsal duyulara hitap edecek sekilde dersler
anlatildig1 icin grencilerin  0grenmesi daha kolay oldu. Ogrenme agisindan daha olumlu
etkilendiklerini diigiiniiyorum.” ifadesiyle uzaktan egitimin daha fazla duyuya hitap ettigi icin daha
yararli oldugunu belirtmistir. Bu bulgular, 6gretmenlerin ¢oklu temsil kullanimin1 daha ¢ok yiiz yiize
ortama uygun bir Ogretim stratejisi olarak gordiiklerini; dijital ortamda ise temsil cesitliligini
siirdlirmede ve 6grenci etkilesimini saglamada giicliik yasadiklarini diistindiirmektedir.

Tartisma, Sonuc ve Oneriler

Siif Ggretmenlerinin  uzaktan egitim siirecinde matematik derslerinde c¢oklu temsil
kullanimlarma yonelik goriis ve deneyimlerinin incelendigi bu c¢alismada, ilk olarak ¢oklu temsil
kullanimina en ¢ok ihtiyag duyulan dersler ve bunun nedenleri aragtirilmistir. Arastirma sonuglarina
gore ¢oklu temsil kullaniminin en ¢ok matematik dersinde gerekli goriildiigii belirlenmistir. Benzer
sekilde, Eroglu ve Tanish (2021) ¢oklu temsil uygulamalarinin en sik kullanildig1 dersin matematik
oldugunu ortaya koymustur. Katilimecilar, yalnizca matematik degil; soyut kavramlarin yogun oldugu
tiim ilkokul derslerinde anlamli 6grenmenin ger¢eklesmesi icin ¢oklu temsillerle somutlagtirmanin
gerekli oldugunu ifade etmistir. Nitekim literatiirde, coklu temsil kullaniminin 6zellikle soyut
matematiksel kavramlarin anlasilmasinda 6nemli bir rol oynadig1 vurgulanmaktadir (Ayyildiz ve Cansiz
Aktas, 2022; Prain ve Waldrip, 2006; Sezgin, 2019). Bulgular, mevcut ¢aligmada 6gretmenlerin ¢oklu
temsilleri agirlikli olarak “somutlagtirma islevi” baglaminda degerlendirdiklerini gostermekte; temsilin
kavramsal yapilandirma, genelleme veya temsiller arasi doniisiim gibi daha iist diizey pedagojik
islevlerine iligskin farkindaliklarinin sinirlt olabilecegini diisiindiirmektedir. Bu durum, Ainsworth’un
(2006) temsil islevleri g¢ercevesinde tamimladigi yapilandirict ve kisitlayici rollerin dgretmenler
tarafindan yeterince isletilmedigini gdstermektedir.
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Ogretmenler, matematikte coklu temsil ihtiyacim siklikla “somutlastirma”, “gercek hayatla
iligkilendirme” ve “anlagilabilirlik” kavramlariyla agiklamislardir. Bu baglamda, matematiksel
kavramlarin s6zel problemler yoluyla giinliik yasamla iligkilendirilmesinin kavramsal 6grenmeye katki
sundugu ve modelleme siireciyle biitiinlestigi ifade edilebilir (Gainsburg, 2008). Bu acgiklamalar, temsil
kullaniminin yalnizca gorsel ya da fiziksel araglarla sinirli olmadigini, ayn1 zamanda bilissel olarak
O0grenme siirecini yapilandirmaya yardimci bir ¢ergeve sundugunu gdstermektedir. Ancak 6gretmen
ifadelerinin biyiik 6l¢iide temsillerin “tamamlayici” islevine odaklanmasi, Ainsworth’un (2006) temsil
islevleri cergevesinde tanimlanan “kisitlama” ve “yapilandirma” rollerinin 6gretmenler tarafindan
yeterince fark edilmedigini gostermektedir. Ainsworth vd.’nin (2002) farkli temsil sistemlerinin
ogrenmeye etkisini inceleyen calismasi da temsil ¢esitliliginin tek basina yeterli olmadigini; temsil
sistemlerinin nasil tasarlandiginin 6grenme tizerinde belirleyici oldugunu ortaya koymaktadir.

Pandemiyle birlikte ani sekilde gecilen uzaktan egitim siireci, 6gretmenlerin 6gretim rutinlerini
yeniden yapilandirmalarin1 zorunlu kilmistir. Arastirma bulgulari, 6gretmenlerin yiiz yiize egitimde
somut materyalleri daha yogun kullandiklarmi, ancak bu tiir temsilleri uzaktan egitimde yeterince
siirdiiremediklerini gostermektedir. Sinif ortaminda somut araglarla desteklenen 6grenme siirecleri,
uzaktan egitimde yerini daha ¢ok videolar, sunumlar veya dijital platformlara birakmistir. Bu durum,
Ogretmenlerin uzaktan egitimde coklu temsil kullanimmi smirli diizeyde siirdirmelerine neden
olmustur. Heddens ve Speer’in (1997) 6nerdigi gibi, temsil tiirlerinin somut olandan soyuta dogru
yapilandirilmasi, 6grencinin  kavramsal gelisimi ag¢isindan Onemlidir. Ancak Ogretmenlerin
goriislerinden, uzaktan egitimde bu gegisin cogu zaman saglanamadigi anlagilmaktadir. Bu sonug, dijital
ortamda temsiller arasi baglanti kurma ve temsilleri biligsel agidan biitiinciil bir yapida sunma
konusunda Ogretmenlerin yeterli pedagojik destek ve tasarim bilgisinden yoksun olabilecegini
gostermektedir. Ryken (2009) da 6gretmenlerin temsiller tizerinden 6grencinin diisiinme siireclerini fark
etme becerilerinin sinirlt olmasiin 6grenme firsatlarini azaltabilecegini vurgulamaktadir.

Ote yandan, gretmenlerin coklu temsil kavramina yénelik pedagojik alan bilgisi eksiklikleri de
dikkat ¢ekmektedir. Goriismelerde, temsil tiirlerinin yalnizca somut nesneler, gorseller veya oyun
temelli etkinliklerle sinirh olarak algilandigi; sozel, sembolik, grafiksel ya da cebirsel temsillerin
cogunlukla ihmal edildigi goriilmiistiir. Bu durum, 6gretmenlerin ¢coklu temsile iliskin kavram bilgisinin
sinirli  oldugunu ve uygulamalarda bu bilginin derinliginden yeterince faydalanilamadigini
gostermektedir (Bicer, 2021; Hidayat vd., 2024). Ozellikle Prayitno vd. (2021), 6gretmen adaylarinin
coklu temsilleri birbirine doniistiirme yeterliliklerinin, kavramsal anlama ile dogrudan iliskili oldugunu
ifade etmektedir. Sinif 6gretmenlerinin ¢oklu temsil kullanimindaki eksiklikleri, bu baglamda pedagojik
alan bilgisi (Shulman, 1986) yetersizligiyle iligskilendirilebilir. Bu baglamda, 6gretmenlerin temsil tiirleri
arasindaki iligkileri fark etme ve bu iliskileri 6gretim tasarimina yansitma becerilerinin siirli olmasi,
pedagojik alan bilgisi bilesenlerinin zayif gelistigine isaret etmektedir. Bu sonuglar, Dreher ve
Kuntze’nin (2015) 6gretmenlerin temsiller aras1 baglantilar1 fark etme ve pedagojik olarak yorumlama
stireclerinde zorlandiklarini gosteren bulgulariyla tutarlidir. Ayrica Friesen ve Kuntze (2020), temsil
kullanimina iliskin profesyonel bilgi temellerinin sinirli olmasinin dgretmenlerin smif i¢i kararlarini
dogrudan etkiledigini vurgulamaktadir. Sengiil ve Mancoglu Kaplan’in (2024) video temelli olaylar
tizerinden yiiriittiigli ¢aligma ise 6gretmenlerin temsiller arasi gegisleri kurmakta ve problem durumlarini
temsil perspektifinden analiz etmekte zorlandigmi gostermekte; bu da mevcut bulgularla uyum
gostermektedir.

Bulgulara gore uzaktan egitimde en ¢ok 6ne ¢ikan temsil bi¢cimi video izleme olmustur. Ancak
ogretmenler, izlenen videolar hangi temsil tiiriinii igerdigi ve bu temsillerin 6grenmeye nasil katki
sundugu konularinda net ifadeler kullanmamistir. Benzer sekilde, grafik, tablo ve sekil gibi temsillerin
uzaktan egitimde sinirl1 da olsa kullanildig1 goriilse de bu uygulamalar genellikle 6gretmenin teknolojik
yeterliligine ve erisimine bagli olarak sekillenmistir. Huang vd. (2022), Cin baglaminda yiiriittiikleri
caligmada, ani gegilen ¢evrim ici 6gretim siirecinde 6gretmenlerin dijital araglarla temsilleri yeterince
biitiinlestiremediklerini vurgulamaktadir. Bu, mevcut arastirma bulgulariyla da ortiismektedir.
Ogretmenlerin videolar1 cogunlukla “hazir igerik tiiketme” araci olarak gdrmeleri, temsil pedagojisinin
planlanmasina dair biligsel farkindaliklarimin sinirli olduguna isaret etmektedir. Atasoy ve Yigitcan
Nayir (2019) da 6grencilerin EBA videolarini ¢ogunlukla pasif bir bigimde izlediklerini ve bu durumun

293



Yasemin KAPLAN KiIRTENOGLU,

Egitim K 1 A lar1 Dergisi 2025, Cilt 11 283-2 .
gitim Kuram ve Uygulama Arastirmalar:1 Dergisi 2025, Cilt 11, Say1 3, 283-298 Mehmet Koray SERIN, Adem YILMAZ

matematiksel kavrayisi sinirladigini belirtmektedir. Bu sonug, uzaktan egitimde video temelli
temsillerin 6gretmen rehberligi olmadan kavramsal anlamay1 desteklemedigini gostermektedir.

Ogretmenlerin uzaktan egitimde teknoloji destekli baz1 araglardan faydalandiklar gériilmiistiir:
EBA, Okulistik, Morpa Kampiis, Wordwall, Kahoot gibi platformlar sik¢a kullanilmistir. Ancak bu
araglarin cogu, dogrudan ¢oklu temsil sunmak yerine 6grenme siirecini genel olarak destekleyen yapilar
olarak kullanilmistir. Yani, 6gretmenlerin bu araglar1 ¢coklu temsillerin islevleri dogrultusunda degil,
daha ¢ok genel igerik erigimi veya etkilesim amaciyla kullandiklar1 anlagilmaktadir (Baroroh vd., 2021).
Bu durum, teknolojinin temsil temelli 6gretimle nasil biitiinlestirilecegine dair yeterli bilgi birikiminin
olmadigin1 da gostermektedir (Bozi¢ vd., 2023). Oysa teknoloji, yalnizca igerik sunumu degil;
kavramsal gecisi saglayacak temsil baglantilarini da gorsellestirme ve etkilesimli hale getirme giiciine
sahiptir (Ainsworth ve VanLabeke, 2004; Rau vd., 2009). Mishra ve Koehler’in (2006) TPAB ¢ercevesi,
teknolojinin pedagojik ve icerik bilgisiyle biitlinlesmedigi durumlarda temsillerin yiizeysel kaldigin
acikca ortaya koymaktadir. Bu ¢aligmada da 6gretmenlerin teknoloji-temsil entegrasyonunu planlama
ve uygulama konusunda sinirli deneyime sahip olduklar1 goriilmiistiir.

Ogretmenlerin matific, mathigon, polypad gibi matematik 6gretimi temelli web araglarindan
veya GeoGebra gibi yazilimlardan nadiren bahsetmis olmasi1 da dikkat ¢ekicidir. Bu araglar, ozellikle
soyut kavramlarin hem gorsel hem sembolik hem de cebirsel temsillerle biitlinciil sunulmasina imkan
tamimaktadir (Debrenti, 2015; Hwang vd. 2009; Pierce vd. 2011). Ogretmenlerin teknolojiyle temsil
Bu nedenle yalnizca dijital araglara erisim degil, aym1 zamanda bu araglarin pedagojik kullanim
bicimlerine yonelik bilgi ve beceri de kritik hale gelmektedir. Bu sonug, temsil pedagojisinin
teknolojiyle birlestigi noktada PAB ve TPAB bilesenlerinin birlikte gelismesi gerektigini
gostermektedir.

Bazi dgretmenler, uzaktan egitim siirecinde ¢oklu temsil kullanimi i¢in daha fazla olanak
sunuldugunu diisiinse de genel egilim, yliz yiize dgretimin temsil cesitliligi ve uygulama derinligi
acisindan daha avantajli oldugu yoniindedir. Bu durum, 6gretmenlerin 6zellikle teknolojiyi temsil
temelli 6gretimle biitiinlestirme konusundaki yetersizlikleri ile agiklanabilir. Hidayat vd. (2024),
teknolojik pedagojik alan bilgisi ile 6gretmenlerin ¢oklu temsil yeterlikleri arasinda anlamli bir iligki
oldugunu vurgulamaktadir. Benzer sekilde, Giiciin ve Geng¢’in (2022) bulgular1 da teknoloji
kullantminin temsil tercihlerini etkiledigini gostermektedir. Dolayisiyla 6gretmenlerin uzaktan egitim
kosullarinda temsilleri etkin sekilde kullanamamalari, yalnizca teknik simirhiliklardan degil, aym
zamanda temsil bilgisi, pedagojik alan bilgisi ve teknoloji pedagojisi entegrasyonundaki eksikliklerden
kaynaklanmaktadir.

Bu arastirma, sinif 6gretmenlerinin uzaktan egitim siirecinde matematik derslerinde ¢oklu temsil
kullanimina iliskin goriis ve deneyimlerini ortaya koymus; temsillerin 6gretim siirecindeki roliine dair
onemli sonuglar elde etmistir. Ogretmenler, ¢oklu temsil kullanimini 6zellikle matematik konularini
somutlastirma ve giinlik yasamla iliskilendirme baglaminda gerekli gdrmiislerdir. Ancak temsil
tirlerinin ¢esitliligi, temsiller arasi iligkiler ve biligsel olarak yapilandirici temsillerin kullanimi
acisindan farkindaliklariin sinirli oldugu belirlenmistir. Bu sonug, 6gretmenlerin temsil farkindaligi ve
PAB bilesenlerinde gelisime ihtiya¢ duydugunu gosteren ¢alismalarla (Dreher ve Kuntze, 2015; Friesen
ve Kuntze, 2020; Ryken, 2009) tutarlidir. Uzaktan egitim siirecinde temsil kullaniminin biiyiik 6lgiide
video, sunum ve hazir dijital igeriklerle sinirlt kaldig1; etkilesimli ve doniistiiriilebilir temsil tiirlerinin
yeterince kullanilamadigl goriilmiistiir. Atasoy ve Yigitcan Nayir (2019) ile Sengiil ve Mancoglu
Kaplan’in (2024) bulgulari da video temelli ve dijital i¢eriklerin pedagojik rehberlik olmadan kavramsal
o0grenmede sinirl etkiye sahip oldugunu ortaya koymaktadir. Bu baglamda 6gretmenlerin teknoloji ile
temsilleri biitiinlestirme becerilerinin, TPAB ¢ercevesinde biitiinciil bi¢imde gelistirilmesi 6nem
tagimaktadir.

Bu ¢alisma kapsaminda elde edilen bulgular 15181nda, asagida sunulan “Uzaktan Egitimde Coklu
Temsil Kullanimi1 Ogretmen Yeterlik Cercevesi” dnerilmektedir:

1. Temsil Bilgisi: Temsil tiirlerini bilme, temsillerin islevlerini ayirt edebilme ve temsiller arasi
iligkileri kavrama.
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2. Pedagojik Temsil Bilgisi: Temsilleri kavramsal 6grenmeyi destekleyecek sekilde segme,
siralama ve doniistiirme becerisi.

3. Dijital Temsil Entegrasyonu: Teknolojik araglart temsiller arasi gegisi destekleyecek
bi¢gimde pedagojik amaglarla biitiinlestirebilme.

4. Baglamsal Uygulama Becerisi: Uzaktan egitim kosullarinda temsil cesitliligini stirdiirme,
ogrenci etkilesimini artiracak yollar tasarlama.

Uygulamaya yonelik dneriler kapsaminda 6gretmenlere ¢oklu temsil tiirleri, temsil islevleri ve
temsiller aras1 doniisiimler iizerine odaklanan hizmet i¢i egitimler saglanmalidir. Ozellikle GeoGebra,
Polypad, Desmos ve Matific gibi araglarin temsil pedagojisiyle biitiinlestirilmesi konusunda uygulamali
egitimler verilmelidir. EBA ve benzeri platformlarda ¢oklu temsil temelli etkilesimli igeriklerin
artirilmasi dnerilmektedir. Ogretmen egitimine yonelik éneriler kapsaminda dgretmen adaylari, temsil
tiirlerini pedagojik amaglarla kullanmayi iceren uygulamali derslerle desteklenmelidir. TPAB cergevesi
dogrultusunda temsil-temelli dijital tasarim etkinlikleri 6gretmen egitimi programlarina entegre
edilmelidir. Arastirmacilara yonelik Oneriler kapsaminda ise daha genis Orneklemlerle yapilacak
caligmalar, 6gretmenlerin farkli baglam ve diizeylerde temsil kullanimina iliskin genellenebilir sonuglar
sunabilir. Ogretmen uygulamalarmnin sinif i¢i gdzlem yoluyla incelendigi ¢aligmalar, bildirilen goriisler
ile gergek uygulamalar arasindaki farklari agiga cikarabilir. Temsil temelli 6gretimin Ggrenci
Ogrenmesine etkisini inceleyen deneysel ve karma yontemli arastirmalar alanyazina 6nemli katkilar
saglayacaktir.
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