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Abstract: The purpose of this study is to examine the effect of technology-enhanced instruction on students’ achievement in
the algebra learning compared to traditional instruction. A total of 18 studies published between 2005-2025 and meeting the
specified inclusion criteria were analysed within the scope of the study. The PRISMA flow chart was used to ensure
transparency and trace ability of the literature review process. Due to the heterogeneity observed among studies, the random
effects model was preferred in the analyses. According to the findings obtained, the overall effect size of technology-
enhanced instruction on academic achievement was Hedges’ g = 0.875, and this effect was determined to be highly
significant. In addition, educational level, technology type, implementation duration, scale developer, and sub-learning
domain variables were examined as moderators. Although differences were observed between subgroups in terms of effect
size, it was determined that these differences did not statistically significantly affect the overall effect. The results reveal that
technology-enhanced instruction in algebra learning is more effective than traditional methods in increasing student
achievement.
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Oz: Bu calismanim amaci, cebir 6grenme alanida teknoloji destekli dgretimin, geleneksel 6gretim yontemlerine kiyasla
Ogrencilerin bagaris1 iizerindeki etkisi incelemektir. Calisma kapsaminda 2005-2025 yillar1 arasinda yayimlanmig ve
belirlenen dahil edilme Slgiitlerini karsilayan toplam 18 aragtirma analiz edilmistir. Literatiir tarama siirecinin seffafligini ve
izlenebilirligini saglamak amaciyla PRISMA akis semasi kullanilmistir. Caligmalar arasinda gozlenen heterojenlik nedeniyle
analizlerde rastgele etkiler modeli tercih edilmistir. Elde edilen bulgulara gére, teknoloji destekli 6gretimin akademik basari
tizerindeki genel etki biiylikligi Hedges’ g = 0,875 olup, bu etkinin yiiksek diizeyde anlamli oldugu belirlenmistir. Ayrica
egitim kademesi, teknoloji tiirii, uygulama siiresi, 6lgme aracin gelistiren kisi ve alt 6grenme alan1 degiskenleri moderator
olarak incelenmistir. Alt gruplar arasinda etki biiyiikliigli acisindan farkliliklar gdzlense de bu farklarin genel etkiyi
istatistiksel olarak anlamli bicimde etkilemedigi saptanmistir. Sonuglar, cebir dgretiminde teknoloji destekli yaklasimlarin
Ogrenci basarisini artirmada geleneksel yontemlere gore daha etkili oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Teknoloji destekli egitim, meta analiz, cebir 6grenme, matematik basarisi

Tiirkge siirtim i¢in tiklaymiz

1. Introduction

Throughout history, many developments have occurred that profoundly affected human life and transformed
societies. In the 21st century, the rapid development and widespread adoption of information and communication
technologies have made it necessary for individuals to acquire new skills to adapt to the requirements of the era.
Among the basic skills required by this age, digital literacy, critical and analytical thinking, and problem-solving
come to the fore (Borrowski, 2019). Arithmetic knowledge and algebraic thinking skills are actively used in
solving problems encountered in daily life and various disciplines. Algebraic thinking enables the establishment
of mathematical relationships and the development of solution methods through the generalization of humbers
and operations (Akkan et al., 2019). Indeed, high-level cognitive skills such as logical reasoning can be
developed through algebra learning (Idil & Narli, 2021). Erbas and colleagues (2009) emphasize that algebra
provides individuals with abstract thinking skills and serves as a conceptual and theoretical bridge between
different disciplines. In this direction, algebra is considered one of the fundamental stages of transition from
arithmetic to abstract thinking (Susac et al., 2014). International examinations such as TIMSS and PISA and the
National Council of Teachers of Mathematics (NCTM)attribute special importance to the algebra learning
domain. This situation has caused algebraic thinking topics to be included in educational programs from early
ages not only in Tiirkiye but also in many countries (Matthews & Fuchs, 2018; MEB, 2024).

In the national mathematics curriculum implemented in different years, the algebra is presented to students in
a structured manner from the 6th grade at every educational level. According to the Ministry of National
Education (2018) curriculum; algebraic expressions in 6th grade, equality and equation in 7th grade, and topics
such as identities, linear equations, and inequalities in 8th grade are covered. The basic concepts of this domain,
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such as variable, equality, inequality, equation, identity, pattern, generalization, and function, are among the
fundamental building blocks of mathematics. Algebraic thinking has also been systematically structured from
primary school to secondary education within the scope of the Tiirkiye Century Education Model. In this
framework; “From Operations to Algebraic Thinking” in grades 1, 2, 3, and 4, “Algebraic Thinking with
Operations “in grade 5, “Algebraic Thinking and Transformations with Operations” in grades 6, 7, and 8; and
themes such as “Numbers,” “Logical Reasoning,” “Algorithm and Informatics,” “Counting,” “Quantities and
Changes,” and “Mathematics of Change” in secondary education grades 9-12 are included (MEB,2024). In the
mentioned model, the integration of technological tools into the learning process is encouraged, and it is
emphasized that algebra teaching should be structured in accordance with the requirements of the digital age.

Algebra is a branch of mathematics that expresses relationships in the form of equations through numbers
and symbols (Akkaya & Durmus, 2006; Usiskin, 1997). While Sfard (1995) defines algebra as a computational
science, Yenilmez and Avcu (2009) evaluated algebra as a field dealing with quantities, relations, and structures.
Dede and Argiin (2003) stated that algebra is a problem-solving and thinking tool for both mathematics and other
disciplines and also serves as the language of mathematics. Lacampagne (1995) stated that a good understanding
of algebra plays a critical role in the transition to advanced mathematics topics. These definitions reveal how
important algebra teaching and learning are. However, algebra is a difficult field to understand due to its abstract
concepts and requires abstract thinking skills. In this respect, it contains difficulties for both students and
teachers in terms of teaching and learning (Dede & Argiin, 2003). Especially the concept of “unknown”
(variable) can cause the development of prejudice and negative attitudes towards mathematics in some students
(ilhan et al., 2022). TIMSS 2019 results also support this situation; it was reported that the areas where students
made the most mistakes in Tiirkiye were algebra and geometry. In this context, the use of constructivist learning
approach-based, student-centered, and functional methods in the teaching process gains importance. On the other
hand, technology-enhanced instruction is based on constructivist learning theory, which envisages students’
active construction of knowledge. On the other hand, the role of technology-enhanced instruction is compatible
with the basic principles of the constructivist approach (Isman et al., 2002). In this approach, students are at the
center and take an active position in the learning process (Kamii & Ewing, 1996). When students develop new
learning products and interact with their peers, the tools provided by technology enrich the learning-teaching
environment as an important component of this process and increase the effectiveness of learning. In addition,
Mayer’s (2001) multimedia learning theory explains that technology supports the learning process by integrating
visual and verbal information. Dynamic algebra software, simulations, and virtual manipulatives facilitate
students’ understanding of abstract mathematical relationships through concrete representations. In line with
these developments, the concept of technology-enhanced instruction has developed with the integration of
information and communication technologies into the educational process. Therefore, mathematical software,
virtual manipulatives, online collaborative tools, and other technologies can be considered as tools that support
and enrich students’ learning processes on a common theoretical framework.

Technology-enhanced instruction aims to enrich the teaching process and increase students’ active
participation through tools such as computers, smart boards, projection devices, mobile applications, and
software (Anohina, 2005; Dikmen & Tuncer, 2018). Ersoy (2005) states that this method is more individualized
and interactive compared to traditional teaching and also provides a more economical solution for large student
groups. Hohenwarter and colleagues (2008) emphasize that technology-enhanced instruction is also effective in
creating out-of-class learning environments. NCTM (2000) emphasizes that technology should be one of the
basic components of classroom teaching, while recommending that this integration be evaluated on both content
and pedagogical approaches. MEB (2013) states that technological tools support problem-solving processes in
mathematics teaching; through numerical, algebraic, and graphic representations, they contribute to students
developing different perspectives and better understanding concepts. The Tiirkiye Century Education Model also
adopts an understanding that prioritizes the holistic development of the individual; aims to raise individuals who
are sensitive to the requirements of the digital age and can direct technology and restructures the mathematics
curriculum in this direction (MEB, 2024).

In mathematics learning that contain abstract concepts, the integration of technology into the teaching
process both facilitates conceptual understanding and increases student achievement. Findings supporting this
situation are also included in meta-analysis studies conducted at different levels. For example, in the meta-
analysis study conducted by Demir et al. (2024), 22 studies published between2017-2022 and 27 effect sizes
were examined; it was determined that technology-enhanced instruction had a moderate positive effect on
students’ mathematics performance. Similarly, in another meta-analysis study conducted by Giiler et al. (2022),
because of examining 22 studies published between 2010-2020, it was found that mobile learning applications
had a moderate positive effect on students’ mathematics achievement. In the study conducted by He et al.
(2025), in the analysis of 68 studies on dynamic geometry software that became widespread in the post-COVID-
19 period, it was determined that this software had a high-level positive effect on the mathematics learning of
students at the K-12 level.
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There are many studies in the literature examining the effect of technology-enhanced instruction in the
algebra learning domain (Kaya & Kesan, 2022b; Ozbey & Koparan, 2020; Pogan, 2019). In addition, synthesis
studies have been conducted to determine trends in this field (Kaya & Kesan, 2022a; Ozey,2019; Simsek &
Turanli, 2023; Tiirkoglu & Cihangir, 2017). For example, Simgek and Turanli (2023) stated that technological
tools make positive contributions to linear algebra education. Ozey (2019) stated that most of the studies in the
algebra field focus on student achievement; Kaya and Kesan(2022) revealed that quantitative methods are mostly
preferred in this field, and quantitative techniques are used in data analysis. These findings show that existing
research in the field needs to be systematically brought together to make a more holistic evaluation. According to
the examinations conducted in the literature, no meta-analysis study systematically examining the effect of
technology-enhanced instruction in the algebra learning domain was found. This study aims to fill this gap and
targets to evaluate the effect of technology-enhanced instruction on student achievement compared to traditional
teaching methods. On the other hand, it has been investigated in the literature on mathematics education whether
the effectiveness of technology-enhanced instruction varies depending on contextual factors such as the type of
technology used, study type, and implementation quality (Young, 2017). On the other hand, in meta-analysis
studies, it has been examined whether mathematical subject areas (sub-learning domains) change the effect (He,
Yuan & Kiligman, 2025). In this context, determining under which conditions the effectiveness of technology-
enhanced instruction differs in a learning domain that contains conceptual difficulties such as algebra is an
important topic of curiosity for both researchers and practitioners. Therefore, examining how the effect of
technology-enhanced instruction on algebra achievement changes at different educational levels, with different
technology types, according to implementation durations, and in sub-learning domains of algebra is important
both theoretically and practically. In this framework, the selection of moderator variables aims to enable
systematic testing of differences reported in the literature and determination of more effective strategies in
algebra teaching. In connection with this purpose, answers to the following questions will be sought:

1. What is the effect of technology-enhanced instruction in the algebra learning domain on students’
mathematics achievement compared to traditional teaching?

2. How does the effect of technology-enhanced instruction in the algebra learning domain on students’
mathematics achievement compared to traditional teaching methods change according to moderator variables
(educational level, technology type, implementation duration, scale developer, sub-learning domain)?

2. Method

This research was conducted to determine the effect of technology-enhanced instruction in the algebra
learning on student achievement compared to traditional teaching methods, and the meta-analysis method was
used. Meta-analysis is defined as “a method of reaching a general conclusion by statistically analyzing the
findings obtained by systematically combining the quantitative results of many studies that are independent of
each other and investigate a specific subject” (Lipsey & Wilson, 2001; Smith & Glass, 1977).

2.1. Data Collection Process

It was not considered sufficient for the articles included in the study to only meet the specified criteria, but
their methodological qualities were also examined. In this context, research designs, sample sizes, validity and
reliability analyses of measurement tools were taken into consideration. Thus, the robustness of the obtained
findings was tried to be increased. However, examining only studies accessed through national databases in the
research limits the diversity of data. Since this situation may create limitations in making comparisons with
international literature, it has been evaluated as a limitation that should be considered when interpreting the
obtained results. In this context, data were obtained from TR Index, National Thesis Center, and DergiPark
databases. Search strategies were created with keywords determined for the algebra field within the scope of the
Ministry of National Education’s primary and secondary mathematics curriculum. Table 1 presents the databases
used, search combinations, and the number of results obtained.

Table 1. Databases and Number of Studies

Database Boolean Operators and Combinations Number of Date
Results
TRdizin (abstract : ( “matematik” AND (“cebir” OR “Oriinti” 357 04.12.2024

OR “denklem” OR “degisken” OR “esitlik” OR
“esitsizlik” OR “6zdeslik” OR “fonksiyon™)))

National Thesis Title:(cebir OR denklem OR degisken OR esitlik OR 460 04.12.2024
Center esitsizlik OR fonksiyon OR 6riintii OR 6zdeslik) AND

(matematik )
Dergipark abstract: “cebir” OR abstract: “denklem” AND 646 30.11.2024

abstract: “matematik egitimi”
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As seen in Table 1, 357 studies were reached from the TR dizin database, 460 from the national thesis center
database, and 646 from the Dergipark database. As a result of the search, the studies included in the research
were determined according to the criteria specified in Table 2.

Table 2. Inclusion Criteria for Studies

Criteria Explanation
Study location Conducted in Tiirkiye
Study type Studies should be theses or articles because some of the necessary

values used in calculating effect size are missing in the examined
proceedings and research reports

Study method Quantitative study

Study design Experimental design with technology-enhanced instruction in the
experimental group and traditional instruction in the control
group.

Study dependent variable Examination of mathematics achievement

Study content Technology-enhanced instruction in algebra learning.

Study sample group Sample consisting of primary and secondary school students, as

technology-enhanced instruction is thought to be used for
concretization in the algebra learning.

Study descriptive statistical information Necessary values for calculating effect size being reported.

A total of 1463 studies reached because of the search were examined according to the criteria specified in
Table 2, and 18 studies were included in the research. Since one of them contained two experimental groups, a
total of 19 effect sizes were obtained. In this study, moderator variables were determined as the year of the study,
implementation duration, school level, person implementing the study, person developing the scale, and in which
sub-topics of the algebra learning domain the implementation was conducted. The studies included in the
research were recorded in a coding form prepared in Microsoft Excel 2010. The coding form used in this study
consists of three main sections: study identity (author’s surname, study year, study type), moderator variables
section (educational level, technology type, implementation duration, person developing the measurement tool,
and algebra learning domain sub-topics), and findings (mean, standard deviation, sample size, statistical
information) sections. Primary studies included in the research are marked with * in the references section. For
this entire process to proceed transparently, data are shown with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow chart in Figure 1.

Identification of studies through databases

Records remaved bafora
Databases (n =817 ] > Duplicate records removed (n =2 )
TR Index (n=357)
National Thesis Center (n=460) RBecords temoved for ofher
easans (n=772)

}

Records screened (n =43 ) =t—| Beacords excluded (n =25 )

!

é Beports sought for retrieval (n =0)

b

Reports not retrieved (n = 0)

for pligibil .

(n=43) w Beports excludad:
Reasan 1 (n=4)
Reasond (n =7 )
Reason6 (n=13)
Reason & (n=1)

hd

analysis.(n =18 )

g Studies included in meta-

Figure 1. PRISMA Flow Chart Showing the Study Acquisition Process
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2.2. Data Analysis

The 18 studies included in the research were coded by the researcher into the coding chart. After
approximately 2 weeks, the researcher re-coded 6 studies. It was observed that both coding charts were 90%
compatible. Researchers came together to reach consensus where there were disagreements. For example, studies
where the technology type was not clearly defined were classified under the ‘Other’ category. Analyses were
performed using the JASP 0.19.2.0 program. Hedges’ g was used as the effect size in the study. Hedges’ g values
were calculated from the mean and standard deviation values presented by the studies. In cases where descriptive
values were not provided, transformations were made using the t and F statistics, p values, and sample sizes
reported in the articles. The common effect size was calculated using the weighted average method under the
random effects model. In addition to effect size, heterogeneity statistics and publication bias are reported.

2.2.1. Publication Bias

The Funnel Plot was examined to determine whether there was publication bias. The funnel plot of the
studies included in the research is presented in Figure 2.
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Figure 2. Funnel Plot for Achievement

The funnel plot in Figure 2 shows the distribution of the effect sizes of the studies around the general effect
size. As seen in the funnel plot, the effect size values of the studies showed an almost symmetrical distribution
around the general effect size value. In this case, we can say that there is no publication bias. The Egger
Regression Test was examined in Table 3 against the possibility of possible bias.

Table 3. Egger Regression Test

Asymmetry Test Limit Estimate
. . Lower Upper
Number of Effect Sizes z P Estimate 95% CI 95% CI
19 1.354 0.176 -0.550 -2.636 1.536

As a result of the Egger Linear Regression Test, it is seen that it is not statistically significant (p = .176 >
.05). This indicates that there is no publication bias. In addition The Trim and Fill method developed by Duval
and Tweedie (2000) was used to evaluate the potential effect of publication bias on the meta-analysis results.
The analysis revealed that all three estimators (LO, RO, and QO) identified zero missing studies. This indicates
that there were no missing studies creating asymmetry in the funnel plot. The adjusted effect size after Trim and
Fill analysis (0.933) remained identical to the original effect size. The fail-safe N value was calculated as 130,
indicating that the meta-analysis findings are robust against the addition of 130 negative studies.

2.2.2. Heterogeneity Analysis

Heterogeneity was first confirmed with the Cochran Q test. Then the magnitude of heterogeneity (z, 12, I?)
and consequences (PI) were determined. In this context, which effect model would be preferred was determined
according to the heterogeneity situation. Finally, the effect of individual studies was evaluated with Influential
Case Analysis. The Cochran Q Test is given in Table 4 to examine whether the studies are heterogeneous.
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Table 4. Heterogeneity Analysis with Cochran Q Test

0. df b

110.386 18 <.001

In Table 4, it is seen that p < .001. This indicates that there is a statistically significant heterogeneity value
different from zero. The confidence intervals of the studies included in the research are shown in Table 5.

Table 5. Meta-Analytic Heterogeneity and Variance Estimates

95% CI 95% PI
Effect Size Lower Upper Lower Upper
T 0.647 0.454 1.035 -0,538 2,288
72 0.418 0.206 1.071
2 84.138 72.293 93.141

Note. 18 clusters with min/median/max 1/1/2 estimates.

When Table 5 is examined, it is seen that the tau value is 0.647. This value is quite large. This situation
causes the confidence interval to be wide. The confidence interval varies between -0.538 and 2. 288.That is,
there is a 95% probability that new studies to be added will be in this confidence interval. The tau-square value is
0.418, which is a large value. The I? value is 84.138, indicating that most of the total variance originates from
inter-study variance. As a result, the effect sizes of the studies show a heterogeneous distribution. Since the
studies show a heterogeneous distribution, analyses will be conducted according to the random effects model. On
the other hand, how each study affects heterogeneity is presented in Table 6.

Table 6. Influential Case (Leave-One-Out) Analysis Results

Leave One Out

Standardized Cook’s Covariance

Study Residual DFFITS Distance ratio T 72 Q. Hat Weight Influential
Cetin &

Mirasyedioglu 0.169 0.064 0.004 1.445 0.675 0.455 96.917 0.161 5.072
(2019)

Ozbey &

Kaparan (2020) -0.533 -0.186 0.036 1.294 0.668 0.447 95.538 0.110 5.250
Bilen(2016) 1.075 0.489 0.236 1.167 0.641 0.411 85.834 0.169 5.315
Budiyar(2018) -0.543 -0.187 0.037 1.287 0.668 0.446 95.807 0.108 5.110
Canevi(2019) 3.139 1.325 1.186 0.300 0.505 0.255 69.020 0.147 4.637 Yes
Ceylan(2003) -2.220 -0.989 0.772 0.619 0.567 0.321 74.718 0.175 5.519
I51k(2023) 0.272 0.097 0.010 1.346 0.674 0.455 97.953 0.108 5.128
Kelismail(2019) -0.237 -0.141 0.021 1.634 0.676 0.457 97.464 0.263 5.527
Mercan(2019) 0.717 0.400 0.165 1.440 0.663 0.439 95.944 0.236 4.958
Okuducu(2020) -0.827 -0.459 0.215 1.390 0.658 0.433 94.979 0.235 4.932
Pogan(2019) 0.337 0.202 0.044 1.620 0.674 0.455 97.090 0.266 5.576
Simsek(2013) -1.176 -0.542 0.286 1.130 0.644 0.415 91.852 0.176 5.555
Temiir(2022) 0.791 0.280 0.081 1.210 0.660 0.436 95.197 0.111 5.277
Yazlik (2015) 1.359 0.506 0.241 0.972 0.626 0.392 79.366 0.121 5.764
Zengin(2019) -0.384 -0.134 0.019 1.330 0.672 0.452 96.567 0.111 5.257
Zengin(2019) -0.451 -0.158 0.026 1.315 0.671 0.450 96.108 0.111 5.264
Kog(2022) 0.370 0.130 0.018 1.327 0.672 0.452 97.745 0.106 5.044
Akgakin(2015) -0.450 -0.214 0.048 1.412 0.673 0.453 97.975 0.171 5.400
Oner(2009) -0.852 -0.305 0.095 1.190 0.656 0.431 91.305 0.114 5.414

In Table 6, the effects of the analyzed studies on effect size and heterogeneity were evaluated. As a result of
the examination, only the Canevi (2009) study was identified as a potential outlier. However, since it did not
have a significant effect on heterogeneity, it was not removed from the analysis and was included in the study.

3. Results

In this study, which addresses the effect of technology-enhanced instruction on student achievement
compared to traditional teaching methods, the findings consist of two stages: general (descriptive) characteristics
of studies/general effect size and moderator variable analysis.
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3.1. General (Descriptive) Characteristics of Studies and General Effect Size

Table 7. General Characteristics of Studies Included in the Research

Study No Publication Name Study Type Sample Group Sample Size
1 Cetin & Mirasyedioglu (2019)  Article High School 44
2 Ozbey ve Koparan (2020) Makale Middle School 47
3 Bilen(2016) Doctoral Thesis High School 68
4 Budiyar(2018) Master’s Thesis Middle School 40
5 Canevi(2019) Master’s Thesis High School 52
6 Ceylan(2003) Doctoral Thesis High School 64
7 I51k(2023) Master’s Thesis Middle School 46
8 Kelismail (2019) Master’s Thesis Middle School 65
9 Mercan(2019) Doctoral Thesis Middle School 38
10 Okuducu(2020) Master’s Thesis Middle School 32
11 Pog¢an(2019) Doctoral Thesis Middle School 73
12 Simsek(2013) Master’s Thesis High School 68
13 Temiir(2022) Master’s Thesis Middle School 60
14 Yazlik (2015) Doctoral Thesis High School 137
15 Zengin(2019) Master’s Thesis Middle School 72
16 Ko¢(2022) Master’s Thesis Middle School 43
17 Akcakin(2015) Doctoral Thesis High School 58
18 Oner(2009) Master’s Thesis Middle School 56

When Table 7 is examined, it is seen that 2 of the studies are articles, 6 are doctoral theses, and 10 are
master’s theses. The educational level of the sample group consists of high school and middle school. The total
sample size consists of 1063 participants. The effect sizes obtained from 18 studies were also examined with the
forest plot. Figure 3 shows these obtained effect sizes and confidence intervals of these effect sizes.
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Figure 3. Forest Plot for Achievement
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The areas of the rectangles representing effect sizes are drawn proportional to the weights assigned to the
studies. Studies with larger rectangles were given more weight, and studies with smaller rectangles were given
less weight. In addition, it is seen that the general effect size (Hedges’ g =0.87),the confidence interval of this
effect size [0.53, 1.22], and the prediction interval [-0.54, 2.29]. It is seen in the forest plot that the studies are
heterogeneous. Analyses were calculated according to the random effects model.

19 effect size values were obtained from 18 studies included in the research. Since there were 2experimental
groups in one study (Zengin, 2019), 2 effect size values were calculated from this study. Analyses in the study
were performed using the JASP 0.19.2.0 program. Hedges’ g was used for the common effect size. The general
effect size of the studies is given in Table 8.

Table 8. Results of Simple Meta-Regression Analyses for Mathematics Achievement

Effect Size Standard  t df p 95% ClI 95% PI
Error
Lower Upper Lower Upper
<001 0.528 1221 -0.538 2.288
0.875 0.164 5.349 16.162

As seen in Table 8, the general effect size was calculated as 0.875, and this value corresponds to a large
effect size. Since p <.001, the general effect size is statistically significant. It is seen that the95% confidence
interval of the general effect size varies between 0.528 and 1.221. The wide confidence interval is due to the
small number of studies. As a result, considering the general effect size, it is seen that technology-enhanced
instruction in the algebra learning domain has a large positive effect on students’ mathematics achievement
compared to traditional teaching methods.

3.2. Moderator Variable Analysis

For moderator variable analysis, simple meta-regression analyses were first conducted using each moderator
variable. JASP 0.19.2.0 software was used for all moderator variable analyses. Before starting the analyses, the
linearity assumption was checked for continuous variables such as study year and implementation duration.
Continuous variables were recoded as categorical variables when the linearity assumption could not be met.
Implementation duration was analyzed after being divided into three categories: short, medium, and long.
Studies up to 20 hours were recoded as short, studies from 20 to 30 hours as medium, and studies of 30 hours or
more as long. The study year moderator variable could not be converted to a categorical variable due to its
irregular distribution. Figure 4shows the linearity graph for implementation duration, and Figure 5 shows the
linearity graph for study year.
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Figure 4. Linearity for Implementation Duration Figure 5. Linearity for Study Year

As seen in Figures 4 and 5, it is observed that continuous variables do not meet the linearity assumption.
Therefore, after implementation duration was converted to a categorical variable, moderator variable analysis
was conducted, and since study year could not be converted to a categorical variable, its analysis could not be
performed. The findings related to the analysis moderator variables are presented in Table 9.
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Table 9. Descriptive and Statistical Information related to Moderator Variables

Moderator _ Number_of Tau- R-

- Subgroups Effect Size  Effect Sizes p F Square Square
Variable (R?)
Educational High School 1.167 7 0.263 1.374 0.398 4.937
Level Middle School 0.700 12
Technology Mathematical 1.005 7
Level Software

Virtual 0.920 3
Manipulative 0.851  0.263 0.497 0.000
Online 0.901 5
Collaborative
Tools
Other 0.579 4
Scale Researcher 0.840 15 0.667 0.228 0.443 0.000
Developer Ready-made 1.009 4
Implementer Researcher 0.585 10 0.077 3.691 0.349 21.332
Teacher 1.260 8
Implementation  Short 0.443 6
Duration Medium 0.800 7 0.163  2.193 0.322 23.054
Long 1.368 6
Sub-learning Algebraic 0.427 4
domain Expressions 0.220 1.855 0.423 0.000
Equations 0.955 9
Functions 1.052 6

When Table 9 is examined for moderator variable analyses, according to the educational level moderator
variable, the effect size for high school (1.167) shows a large effect size. The effect size for middle school is
0.700, which corresponds to a medium-sized effect size. It can be said that technology-enhanced instruction is an
effective method compared to traditional methods at both educational levels. Although the educational level
moderator variable is not statistically significant, it explains approximately 5% of the variance (p=0.263>0.05).
Since the tau-square value is large, there isa heterogeneous distribution. On the other hand, according to the
technology type moderator variable, it is seen that the effect sizes are large for mathematical software (1.005),
virtual manipulatives (0.920), and online collaborative tools (0.901). The technology type moderator variable is
not statistically significant and cannot explain the variance (p =0.851>0.05; R?=0.000). However, according to
the scale developer moderator variable, the mean effect size of studies where researcher-developed scales were
applied is 0.840; the mean effect size of studies where ready-made scales were applied is 1.009, both
corresponding to large effect sizes. The scale developer moderator variable is not statistically significant
(p=0.667>0.05). It also does not explain any variance (p =0.667>0.05; R?=0.00). Additionally, according to the
implementer moderator variable, the mean effect size value of studies conducted by researchers (0.585), the
mean effect size value of studies conducted by teachers (1.260), and it can be said that there is a large difference
between researcher and teacher subgroups. Although the implementer moderator variable is not statistically
significant, it explains 21% of the variance (p =0.077>0.05). The small sample size may cause it not to be
statistically significant. According to the tau-square value, there is a heterogeneous distribution. It can be said
that the implementer may be an important moderator variable. According to the implementation duration
moderator variable, the mean effect size of short-term implementations (0.443), the mean effect size of medium-
term implementations (0.800), and the mean effect size of long-term implementations (1.368) are observed. It
can be said that as implementation duration increases, the method becomes more effective. Although not
statistically significant, it explains 23% of the variance (p=0.163>0.05).This situation may be due to the small
sample size. It can be said that implementation duration is an important moderator variable in terms of
achievement. When the tau-square value is examined, the implementation duration moderator variable shows a
heterogeneous distribution. However, according to the algebra sub-learning domain moderator variable, the
mean effect size in algebraic expressions is (0.427), the mean effect size value in equations is (0.955), and the
mean effect size in functions is(1.052). It can be said that the method affects algebra sub-learning domains to
different degrees. The sub-learning domain moderator variable is not statistically significant and cannot explain
the variance (p=0.220>0.05; R?>=0.000).

4. Discussion, Conclusion, and Implications

In this meta-analysis study, the effect of technology-enhanced instruction in the algebra learning domain on
students’ mathematics achievement compared to traditional teaching methods was examined. The research
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results revealed that technology-enhanced instruction has a large positive effect on students’ mathematics
achievement (Hedges’ g = 0.875). This finding shows that technology-enhanced instruction is a more effective
teaching approach than traditional methods in the algebra learning domain. According to Cohen’s (1988) effect
size classification, the obtained value is in the “large effect” category. The research findings show consistency
with other studies in the literature. For example, in the meta-analysis study conducted by Deniz (2019), the
general effect size of technology-enhanced instruction on mathematics achievement was found to be 0.758.
Similarly, in the meta-analysis study conducted by Kaya and Ocal (2018) examining the effect of GeoGebra
applications on mathematics achievement, the general effect size was determined to be 0.899.Additionally, in the
meta-analysis study conducted by He and colleagues (2025) focusing on dynamic geometric software, it was
determined that such software had a large effect size (g = 0.820) on the mathematics learning of students at the
K-12 level. Giiler and colleagues (2022) reported that mobile learning applications had a moderate positive
effect on students’ mathematics achievement with an effect size of g = 0.476.

The moderator variable analyses of the studies examined within the scope of the research revealed that effect
sizes vary according to different moderator variables. For example, according to the educational level moderator
variable, while a large effect size (1.167) was observed in high school level implementations, a medium effect
size (0.700) was detected in middle school level implementations. This finding shows that technology-enhanced
instruction is effective compared to traditional methods at both educational levels but has a higher effect value at
the high school level. This result parallels Deniz’s (2019) finding of the highest effect level at the university
level (0.858). This situation suggests that the effectiveness of technology-enhanced instruction increases as the
educational level rises.

When the implementation duration of technology-enhanced instruction was examined as a moderator
variable, the mean effect size of short-term implementations was 0.443 (medium level), the mean effect size of
medium-term implementations was 0.800 (large level), and the mean effect size of long-term implementations
was 1.368 (very large level). This finding of the research shows consistency with studies in the literature. For
example, in a meta-analysis study conducted by Wang and colleagues (2022), the effect of digital game-based
STEM education on learning achievement was examined, and implementation duration was found to be an
important moderator variable on learning outcomes. The study stated that long-term implementations increased
student achievement more. In this context, it points to implementation duration being a critical moderator
variable on student achievement. As implementation duration increases, the effectiveness of technology-
enhanced instruction also increases. Possible reasons for this situation include that in long-term implementations,
students have more opportunities to get used to technological tools, technology integration is implemented more
deeply, and students become more confident in using technology.

This research also determined that in technology-enhanced instruction in the algebra learning domain, the
role of the implementer (teacher or researcher) affects student achievement. Higher effect sizes were obtained in
studies conducted by teachers. This finding emphasizes that the role of teachers is critical in the effectiveness of
technology-enhanced instruction. Indeed, a meta-analysis study conducted by Zeng and colleagues (2022)
revealed that teachers’ knowledge and skills are important determinants in the success of technology-enhanced
instruction. On the other hand, teachers’ better knowledge of classroom dynamics, ability to establish stronger
relationships with students, and higher pedagogical content knowledge may provide advantages in implementing
technology-enhanced instruction.

When the technology type moderator variable used in technology-enhanced instruction in the algebra
learning domain was examined, although the number of studies related to virtual manipulatives was small, the
large effect size was noteworthy. In a meta-analysis study conducted by Moyer-Packenham and Westenskow
(2013) examining the effects of virtual manipulatives on student achievement, it was revealed that virtual
manipulatives had a medium-Ilevel effect on student achievement. The large effect size for virtual manipulatives
in this study addressing technology-enhanced instruction in the algebra learning domain can be explained by the
characteristics of virtual manipulatives. For example, virtual manipulatives can be customized for students with
different learning speeds and styles in the mathematics learning process (Shin et al., 2017). This situation may
allow learners to make mistakes in operations on algebraic expressions and to discover and correct these
mistakes. Students can directly manipulate an algebraic structure in a digital environment and reconstruct it.
Thus, the resulting interactive learning process is thought to contribute to deepening conceptual understanding
and internalizing learning.

When examined in terms of algebra sub-learning domains, the mean effect size in algebraic expressions was
0.427 (medium level), the mean effect size in equations was 0.955 (large level), and the mean effect size in
functions was 1.052 (large level). These findings show that the effectiveness of technology-enhanced instruction
differs according to algebra sub-learning domains. Among the probable reasons why technology-enhanced
instruction has a greater effect on functions is that these concepts are naturally suitable for dynamic and multiple
representations (Akkog, 2006). Through technological tools, it becomes possible for students to examine
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functions simultaneously through graphs, tables, and algebraic expressions, and thus abstract structures can
become more concrete.

This study systematically synthesized findings in the literature regarding the effectiveness of technology-
enhanced instruction in algebra teaching. According to the research results, it is seen that technology-enhanced
instruction affects algebra achievement. When technological tools are evaluated from a constructivist learning
theory perspective, they allow students to explore mathematical concepts, make connections, and construct
meanings. Dynamic mathematics software allows students to manipulate mathematical objects, make
predictions, and test results. Especially mobile learning applications provide flexible and accessible tools that
can support students ‘mathematics learning (Giiler et al., 2022). Dynamic mathematics software that became
widespread in the post-COVID-19 period strengthens the mathematics learning of students at the K-12 level,
especially playing a significant role in visualizing abstract mathematical concepts (He et al., 2025). Additionally,
this research presents important results for implementation. In terms of implementation, the results of this
research show that mathematics teachers should increase their use of technology in their classrooms. On the
other hand, this research goes beyond determining the general effect of technology-enhanced instruction on
students’ achievement in algebra teaching and reveals how moderator variables such as educational level,
technology type, implementation duration, source of measurement tool, and sub-learning domain differentiate
this effect. The findings obtained through moderator variables reveal that effect levels can change at different
educational levels and technology types and are thought to be guiding for practitioners in selecting contextually
more appropriate methods and tools. In terms of educational policy, the results of this research emphasize that
technological infrastructure in schools needs to be strengthened in algebra teaching, teachers need to be trained
in technology use, and appropriate curriculum materials for technology-enhanced mathematics instruction need
to be developed.

Finally, only studies conducted in Tiirkiye were included in this meta-analysis study. Other studies conducted
in other countries can also be addressed. Therefore, the sample size can be increased, the heterogeneity level can
be reduced, and more accurate results can be obtained in terms of generalization. Additionally, studies to be
conducted can include undergraduate-level studies to observe the effects of technology-enhanced instruction on
achievement at the undergraduate level. In addition, longer-term implementations can be planned for technology-
enhanced instruction methods to give more positive results.
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Cebir Ogrenme Alaninda Teknoloji Destekli Ogretimin Akademik Basariya EtKisi: Bir
Meta-Analiz Calismasi

1. Giris

Tarih boyunca insan yagamini derinden etkileyen ve toplumlari doniisiime ugratan bir¢ok gelisme
yasanmustir. 21. ylizyilda ise bilgi ve iletisim teknolojilerinin hizla gelismesi ve yayginlagmasi, bireylerin ¢cagin
gerekliliklerine uyum saglayabilmeleri i¢cin yeni beceriler edinmelerini zorunlu hale getirmistir. Bu ¢agin
gerektirdigi temel beceriler arasinda dijital okuryazarlik, elestirel ve analitik diisiinme ile problem ¢6zme 6n
plana ¢ikmaktadir (Borrowski, 2019). Gilnliik yasamda ve gesitli disiplinlerde karsilasilan problemlerin
¢Oziimiinde aritmetik bilgi ve cebirsel diislinme becerileri aktif bigimde kullanilmaktadir. Cebirsel diisiinme,
sayilarin ve islemlerin genellestirilmesi yoluyla matematiksel iliskilerin kurulmasini ve ¢6ziim yollarinin
gelistirilmesini saglar (Akkan vd., 2019). Nitekim, mantiksal ¢ikarim gibi {ist diizey biligsel beceriler cebir
dgrenimi yoluyla gelistirilebilmektedir (Idil ve Narli, 2021). Erbas ve arkadaslari (2009), cebirin bireylere soyut
diistinme becerisi kazandirdigini ve farkli disiplinler arasinda kavramsal ve teorik bir koprii islevi gordiigiinii
vurgulamaktadir. Bu dogrultuda, cebir genellikle aritmetikten soyut diisiinmeye gecisin temel agamalarindan biri
olarak degerlendirilmektedir (Susac vd., 2014). Uluslararas: diizeyde gerceklestirilen TIMSS ve PISA gibi
smavlar ile Ulusal Matematik Ogretmenleri Konseyi (NCTM), cebir dgrenme alanina &6zel bir 6nem
atfetmektedir. Bu durum, yalmzca Tiirkiye’de degil, bircok iilkede de cebirsel diisiinmeye yonelik konularin
egitim programlarinda erken yaglardan itibaren yer bulmasia neden olmustur (Matthews ve Fuchs, 2018; MEB,
2024).

Farkli yillarda uygulamada olan ulusal matematik dgretim programda cebir 6grenme alani, 6. siniftan itibaren
her egitim diizeyinde yapilandirilmis sekilde dgrencilere sunulmaktadir. Milli Egitim Bakanligi (2018) dgretim
programina gore; 6. sinifta cebirsel ifadeler, 7. siifta esitlik ve denklem, 8. smifta ise 6zdeslikler, dogrusal
denklemler ve esitsizlikler gibi konular iglenmektedir. Bu alanin temel kavramlari olan degisken, esitlik,
esitsizlik, denklem, 6zdeslik, oOriintii, genelleme ve fonksiyon, matematigin temel yapi taglar1 arasinda yer
almaktadir. Tiirkiye Yiizyili Maarif Modeli kapsaminda da cebirsel diisiinme, ilkokuldan ortadgretime kadar
sistematik olarak yapilandirilmistir. Bu cergevede; 1, 2, 3 ve 4. simflarda “Islemlerden Cebirsel Diisiinmeye”, 5.
sinifta “Islemlerle Cebirsel Diisiinme”, 6, 7 ve 8. simflarda “Islemlerle Cebirsel Diisiinme ve Doniisiimler”;
ortadgretim 9-12. siniflarda ise “Sayilar”, “Mantiksal Cikarim”, “Algoritma ve Biligim”, “Sayma”, ‘“Nicelikler
ve Degisimler” ile “Degisimin Matematigi” temalarina yer verilmektedir (MEB, 2024). S6z konusu modelde
teknolojik araglarim Ggrenme siirecine entegrasyonu tesvik edilmekte ve cebir Ogretiminin dijital ¢agin
gereklerine uygun olarak yapilandirilmasi gerektigi vurgulanmaktadir.

Cebir, iligkileri say1 ve semboller yoluyla denklemler halinde ifade eden matematik dalidir (Akkaya ve
Durmus, 2006; Usiskin, 1997). Sfard (1995), cebiri bir hesaplama bilimi olarak tanimlarken, Yenilmez ve Avcu
(2009), cebiri nicelik, bagint1 ve yapilarla ilgilenen bir alan olarak degerlendirmistir. Dede ve Argiin (2003),
cebirin hem matematik hem de diger disiplinler agisindan bir problem ¢6zme ve diisiinme araci oldugunu, ayrica
matematigin dili gorevini Ustlendigini ifade etmistir. Lacampagne (1995) ise cebirin iyi anlasilmasinin, ileri
diizey matematik konularina geciste kritik bir rol oynadigini belirtmistir. Bu tanimlamalar, cebir 6gretimi ve
Ogreniminin ne denli 6nemli oldugunu ortaya koymaktadir. Ancak cebir, soyut kavramlar igermesi nedeniyle
anlagilmasi zor bir alandir ve soyut diigiinme becerisi gerektirir. Bu yoniiyle hem 6grenciler hem de 6gretmenler
acisindan dgretimi ve Ogrenimi giicliik barindirmaktadir (Dede ve Argiin, 2003). Ozellikle “bilinmeyen”
(degisken) kavrami, bazi Ogrencilerde matematige karsi Onyargi ve olumsuz tutumlarin gelismesine neden
olabilmektedir (Ilhan vd., 2022). TIMSS 2019 sonuglar1 da bu durumu desteklemektedir; Tiirkiye’de 6grencilerin
en ¢ok hata yaptigi alanlarin cebir ve geometri oldugu rapor edilmistir. Bu baglamda Ogretim siirecinde
yapilandirmaci O0grenme yaklagimima dayali, 6grenci merkezli ve islevsel yontemlerin kullanimi 6nem
kazanmaktadir. Diger yandan teknoloji destekli &gretim, O6grencilerin bilgiyi aktif olarak yapilandirmasim
ongoren yapilandirmaci 6grenme kuramu ile temellendirilmektedir. Diger yandan, teknoloji destekli dgretimin
rolii, yapilandirmaci yaklagimin temel ilkeleriyle uyumludur (isman vd., 2002). Bu yaklasimda 6grenciler
merkezdedir ve dgrenme siirecinde aktif bir konum iistlenirler (Kamii & Ewing, 1996). Ogrenciler, yeni 6grenme
dirtinleri gelistirirken ve akranlar ile etkilesim kurarken, teknolojinin sagladig1 araglar bu siirecin énemli bir
bileseni olarak 6grenme-6gretme ortamini zenginlestirmekte ve 6grenmenin etkinligini artirmaktadir. Bunun
yant sira, Mayer’in (2001) ¢oklu ortam 6grenme kurami , teknolojinin gorsel ve sozel bilgiyi biitiinlestirerek
O0grenme siirecini  destekledigini agiklamaktadir. Dinamik cebir yazilimlari, simiilasyonlar ve sanal
manipiilatifler, Ogrencilerin soyut matematiksel iliskileri somut temsiller araciligiyla kavramalarini
kolaylastirmaktadir. Bu gelismeler dogrultusunda, bilgi ve iletisim teknolojilerinin egitim siirecine entegrasyonu
ile teknoloji destekli 6gretim anlayisi gelismistir. Dolayisiyla matematiksel yazilimlar, sanal manipiilatifler,
cevrimigi igbirlik¢i araglar ve diger teknolojiler, ortak bir kuramsal ¢ergeve iizerinde Ogrencilerin 6grenme
stireglerini destekleyen ve zenginlestiren araglar olarak degerlendirilebilir.
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Teknoloji destekli 6gretim, bilgisayar, akilli tahta, projeksiyon cihazi, mobil uygulamalar ve yazilimlar gibi
araglar yoluyla &gretim siirecini zenginlestirmeyi ve Ogrencilerin aktif katilimimi artirmayr amaglamaktadir
(Anohina, 2005; Dikmen & Tuncer, 2018). Ersoy (2005), bu yontemin geleneksel &gretime kiyasla daha
bireysellestirilmis ve etkilesimli oldugunu, ayrica genis 6grenci gruplari agisindan daha ekonomik bir ¢6ziim
sundugunu belirtmektedir. Hohenwarter ve arkadaglar1 (2008) ise teknoloji destekli 6gretimin sinif dis1 6grenme
ortamlar1 yaratma agisindan da etkili oldugunu vurgulamaktadirlar. NCTM (2000), teknolojinin sinif igi
Ogretimin temel bilesenlerinden biri olmasi gerektigini vurgularken, bu entegrasyonun hem icerik hem de
pedagojik yaklasimlar iizerinde degerlendirilmesini Onermektedir. MEB (2013), matematik o6gretiminde
teknolojik araglarin problem ¢ozme siireclerini destekledigini; sayisal, cebirsel ve grafik temsiller yoluyla
ogrencilerin farkli bakis acilar1 gelistirmelerine ve kavramlari daha iyi anlamalarma katki sundugunu
belirtmektedir. Tiirkiye Yiizyili Maarif Modeli de bireyin biitiinciil gelisimini 6nceleyen; dijital cagin gereklerine
duyarli ve teknolojiye yon verebilecek bireylerin yetistirilmesini hedefleyen bir anlayisi benimsemekte ve
matematik 6gretim programini bu dogrultuda yeniden yapilandirmaktadir (MEB, 2024).

Soyut kavramlar1 barindiran matematik dersinde, teknolojinin dgretim siirecine entegrasyonu hem kavramsal
anlamay1 kolaylastirmakta hem de Ogrenci basarisini artirmaktadir. Bu durumu destekleyen bulgular, farkl
diizeylerde yapilan meta-analiz ¢aligmalarinda da yer almaktadir. Ornegin, Demir ve ark. (2024) tarafindan
gerceklestirilen meta analiz ¢alismada, 2017-2022 yillar arasinda yayimlanan 22 ¢aligma ve 27 etki biiyiikligii
incelenmis; teknoloji destekli 6gretimin 6grencilerin matematik performansi iizerinde orta diizeyde olumlu etki
yarattiglt belirlenmigtir. Benzer sekilde, Giiler ve ark. (2022) tarafindan yapilan bir bagka meta-analiz
calismasinda, 2010-2020 yillar1 arasinda yayimlanan 22 g¢alismanin incelenmesi sonucunda, mobil 6grenme
uygulamalarinin 6grencilerin matematik bagarisi {izerinde orta diizeyde pozitif etkiye sahip oldugu bulunmustur.
He vd. (2025) tarafindan yapilan ¢alismada ise, COVID-19 sonrasi donemde yayginlasan dinamik geometri
yazilimlari {izerine yapilan 68 arastirmanin analizinde, bu yazilimlarin K—12 diizeyindeki dgrencilerin matematik
ogrenmeleri lizerinde yiiksek diizeyde pozitif etki yarattig1 tespit edilmistir.

Alanyazinda cebir 6grenme alaninda teknoloji destekli 6gretimin etkisini inceleyen ¢ok sayida galisma
bulunmaktadir (Kaya & Kesan, 2022b; Ozbey ve Koparan, 2020; Pogan, 2019). Bunun yani sira, bu alandaki
egilimleri belirlemeye yénelik sentez caligmalar1 da yapilmuistir (Kaya ve Kesan, 2022a; Ozey, 2019; Simsek ve
Turanli, 2023; Tiirkoglu ve Cihangir, 2017). Ornegin, Simsek ve Turanli (2023), teknolojik araglarin lineer cebir
egitiminde olumlu katkilar sundugunu belirtmistir. Ozey (2019), cebir alanindaki ¢aligmalarin ¢ogunun &grenci
basarisina odaklandigini ifade ederken; Kaya ve Kesan (2022), bu alanda ¢ogunlukla nicel yontemlerin tercih
edildigini ve veri analizinde nicel tekniklerin kullanildigini ortaya koymustur. Bu bulgular, alandaki mevcut
arastirmalarin sistematik bigimde bir araya getirilerek daha biitiinciil bir degerlendirme yapilmasi gerektigini
gostermektedir. Literatiirde yapilan incelemelere gore, cebir 6grenme alaninda teknoloji destekli &gretimin
etkisini sistematik olarak inceleyen bir meta analiz ¢alismasina rastlanmamistir. Bu ¢alisma, bu boslugu
doldurmayr amaglamakta ve teknoloji destekli Ggretimin geleneksel 6gretim yontemlerine kiyasla 6grenci
basaris1 iizerindeki etkisini degerlendirmeyi hedeflemektedir. Diger yandan matematik egitimindeki alan yazinda
teknoloji destekli 6gretimin etkililiginin, kullanilan teknoloji tiirli, ¢aligma tiirii ve uygulamanin kalitesi gibi
baglamsal faktorlere bagli olarak degisiklik gosterip gostermedigi arastirilmigtir (Young, 2017). Diger yandan
meta analiz caligmalarinda, matematiksel konu alanlarmin da  (alt &grenme alanlart) etkiyi degistirip
degistirmedigi incelenmistir (He, Yuan & Kiligman, 2025). Bu baglamda, cebir gibi kavramsal giicliikler
barindiran bir 6grenme alaninda teknoloji destekli 6gretimin etkililiginin hangi kosullarda farklilasti§ini
belirlemek, hem aragtirmacilar hem de uygulayicilar agisindan onemli bir merak konusudur. Dolayistyla
teknoloji destekli 6gretimin cebir basarisi {izerindeki etkisinin, farkli egitim kademelerinde, farkli teknoloji
tirleriyle, uygulama siirelerine gére ve cebirin alt 6grenme alanlarinda nasil degistiginin incelenmesi hem teorik
hem de uygulamali agidan 6nem arz etmektedir. Bu ¢ergevede moderatér degiskenlerin segilmesi, alan yazinda
raporlanan farkliliklarin sistematik olarak test edilmesini ve cebir &gretiminde daha etkili stratejilerin
belirlenmesini saglamayi amaglamaktadir. Bu amaca bagli olarak asagidaki sorulara yanit aranacaktir:

1) Cebir 6grenme alaninda teknoloji destekli 6gretimin, geleneksel dgretim yontemine kiyasla dgrencilerin
matematik basarisina etkisi nedir?

2) Cebir 6grenme alaninda teknoloji destekli dgretimin geleneksel 6gretim yontemine kiyasla &grencinin
matematik basarisi iizerindeki etkisi, ara (moderatdr) degiskenlere (egitim kademesi, teknoloji tiirii, uygulama
stiresi, 6lgegi gelistiren kisi, alt 6grenme alan1 ) gore nasil degismektedir?

2. Yontem

Bu arastirma, cebir 6grenme alaninda teknoloji destekli dgretimin, geleneksel dgretim yontemine kiyasla
Ogrenci basarisi lizerindeki etkisini belirlemek amaciyla yapilmis ve meta-analiz yontemi kullanilmigtir. Meta-
analiz, “sistematik bir sekilde birbirinden bagimsiz, belirli bir konuyu arastiran bir¢ok ¢alismanin nicel
sonuglarini birlestirerek elde edilen bulgularin istatistiksel analizini yaparak genel bir sonuca ulasma yontemi”
olarak tanimlanmaktadir (Lipsey & Wilson, 2001; Smith & Glass, 1977) .
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2.1. Veri Toplama Siireci

Calismaya dahil edilen makalelerin yalnizca belirlenen olgiitleri karsilamasi yeterli goriilmemis, aym
zamanda metodolojik acidan nitelikleri de incelenmistir. Bu kapsamda arastirma desenleri, Orneklem
biiyiikliikleri, 6lgme araclarinin gegerlik ve giivenirlik analizleri dikkate alimmistir. Boylece elde edilen
bulgularin saglamlig: artirilmaya caligilmistir. Bununla birlikte, arastirmada yalnizca ulusal veri tabanlari
iizerinden ulasilan c¢alismalarin incelenmesi, verilerin cesitlili§ini smirlamaktadir. Bu durum, uluslararasi
literatiirle kargilagtirma yapilmasinda kisitlilik olusturabileceginden, elde edilen sonuglarin yorumlanmasinda
dikkate alinmasi gereken bir simirlilik olarak degerlendirilmistir. Bu baglamda veriler, TR Dizin, Ulusal Tez
Merkezi ve DergiPark veri tabanlarindan elde edilmistir. Arama stratejileri, Milli Egitim Bakanligi’nin
ilkogretim ve ortadgretim matematik Ogretim programi kapsaminda belirlenen cebir alanina ydnelik anahtar
kelimelerle olusturulmustur. Tablo 1’de kullanilan veri tabanlari, arama kombinasyonlar1 ve ulasilan sonug
sayilar1 sunulmustur.

Tablo 1. Veri Tabanlar1 ve Caligma Sayisi

Veri tabam Bolean Islecleri ile Kombinasyonlar Sonuc sayisi Tarih

TRdizin (abstract : ( "matematik” AND (“cebir" OR "6riintii" 357 04.12.2024
OR '"denklem" OR "degigken" OR "esitlik" OR
"esitsizlik" OR "6zdeslik" OR "fonksiyon")))

Ulusal tez Title:(cebir OR denklem OR degisken OR esitlik OR 460 04.12.2024
merkezi esitsizlik OR fonksiyon OR oriintii OR 6zdeslik) AND

(matematik )
Dergipark abstract: "cebir" OR abstract: "denklem" AND abstract: 646 30.11.2024

"matematik egitimi"

Tablo 1’ de goriildiigii gibi TRdizin veri tabaninda 357, ulusal tez merkezi veri tabanindan 460 ve dergipark
veri tabanindan ise 646 ¢alismaya ulagilmistir. Arama sonucunda arastirmaya dahil edilen ¢alismalar Tablo 2” de
belirtilen dlgiitlere gore belirlenmistir.

Tablo 2. Caligmalarm Dahil Edilme Olgiitleri

Olciitler Aciklama
Caligmanin yapildig1 yer Tiirkiye’de yapilmis olmasi
Calismanin tiirii Incelenen bildiri ve arastirma raporlarinda etki

biiyiikligiinii hesaplamada kullanilan  gerekli
degerlerin  bazilarini  olmamast  nedeniyle
caligmalarin tez veya makale olmasi.

Caligmanin yontemi Nicel ¢alisma olmasi

Caligmanin deseni Deney grubunda teknoloji destekli ogretim ve
kontrol grubunda geleneksel Ogretim yapilan
deneysel desen olmasi.

Caligmanin bagimli degiskeni Matematik bagarisinin incelenmesi

Caligmanin igerigi Cebir 6grenme alaninda teknoloji destekli 6gretim

Caligmanin 6rneklem grubu Cebir Ogrenme alaninda ,teknoloji destekli
Ogretimin somutlagtirmak icin kullanildig:

diisiiniildiiginden ~ 6rneklemin  ilkogretim  ve
ortadgretim 6grencilerinden olusmasi

Calismanin betimsel istatistik bilgileri Etki biiyiikliigiiniin hesaplanabilmesi igin gerekli
degerlerin raporlanmig olmasi

Arama sonucunda ulagilan toplam 1463 caligma, Tablo 2’de belirtilen Olgiitlere gore incelenmis ve 18
caliyma arastirmaya dahil edilmistir. iclerinden birinde iki deney grubu bulundugundan toplamda 19 etki
biiyiikligii elde edilmistir. Bu ¢aligmada moderatdr degisken olarak ise galigmanin yili, uygulama siiresi, okul
diizeyi, caligmay1 uygulayan kisi, olgegi gelistiren kisi ve cebir 6grenme alaninin hangi alt konularinda
uygulamanin yapildig: belirlenmistir. Arastirmaya dahil edilen g¢alismalar Microsoft Excel 2010° da hazirlanan
kodlama formuna kaydedilmistir. Bu ¢aligmada kullanilan kodlama formu ¢alismanin kimligi (yazarin soy ismi,
calismanin yili, ¢caligmanin tiirii), ara degiskenler boliimii (egitim kademesi, teknoloji tiirii, uygulama siiresi,
6leme aracini gelistiren kisi ve cebir 6grenme alani alt konular1) ve bulgular (ortalama, standart sapma, érneklem
say1s1, istatistik bilgileri) boliimleri olmak iizere ii¢ temel boliimden olugmaktadir. Arastirmaya dahil edilen
birincil caligmalar kaynakg¢a boliimiinde * ile isaretlenmistir. Tim bu siirecin seffaf bir sekilde ilerlemesi i¢in
veriler Sekil 1°de Sistematik Derlemeler ve Meta-Analizler I¢in Raporlama Kilavuzu (Preferred Reporting Items
for Systematic reviews and Meta-Analyses, PRISMA) akis semasiyla gosterilmistir.
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Cahgmalann veri tabanlan aracihigiyla tammmlanmasi

—
Inceleme dncesinde cikanlan
- . ) kayitlar:
E Tespit edilen kayitlar: . .
] Veri tabanlan (n =817 ) _ Yineleme s_ebehlyle cikarilan
:il TR dizin (=357} > kayitlar (n =2 )
(= Ulusal tez metkezi (n=480) Diger sebeplerie cikanlan

kayitlar (n =772 )

!
Incelenen kayitiar » Harig tutulan kayitlar
(n =43} (n=25)

}

Erigilmeye ¢aligilan raporlar Erigilemeyen raporiar

_E (n=0) {n = 0)
2 |
i
Uygunlugu dederlendirilen
raporlar —®| Harig tutulan raporlar:
(n=43) Sebep 1 (n =4 )
Sebep 4 (n=7)
Sebep 6 (n =13 )
Sebep 8 (n=1)
— v
&
§ Meta-analize dahil edilen
= galismalar
] (n =18}
a
Sekil 1. Calismalarin Edinim Siirecini Gosteren PRISMA Akis Semasi
2.2. Veri Analizi

Aragtirmaya dahil edilen 18 calisma aragtirmaci tarafindan kodlama cizelgesine kodlanmistir. Yaklasik 2
hafta sonra arastirmaci 6 ¢aligmay1 tekrar kodlamistir. Her iki kodlama cizelgesinin % 90 uyumlu oldugu
goriilmiistiir. Uyusulamayan yerlerde arastirmacilar bir araya gelerek uzlasma saglamistir. Ornegin teknoloji
tiiriiniin net bigimde tamimlanmadigi ¢alismalar, ‘Diger’ kategorisi kapsaminda simiflandirilmistir. ”Analizler,
JASP 0.19.2.0 programi kullanilarak yapilmistir. Caligmada etki biiyiikliigii olarak Hedges’ g kullanilmistir.
Hedges’ g degerleri, ¢alismalarin sundugu ortalama ve standart sapma degerlerinden hesaplanmigtir. Betimsel
degerlerin verilmedigi durumlarda, makalelerde raporlanan t ve F istatistikleri, p degerleri ve &rneklem
biiytiklikkleri kullanilarak doniisiim yapilmistir. Ortak etki biiylikliigii, rastgele etkiler modeli altinda agirlikhh
ortalama yontemiyle hesaplanmustir. Ayrica etki bilyilikliigliniin yani1 sira heterojenlik istatistikleri ve yaymn
yanlilig1 rapor edilmistir.

2.2.1. Yayin Yanhhg

Yayin yanlilig1 olup olmadigini belirlemek amaciyla Funnel Plot (Huni Grafigi) incelenmistir. Arastirmaya
dahil edilen caligmalarin huni grafigi Sekil 2° de sunulmustur.

Sekil 2° deki huni grafigi calismalarin etki biiyiikliiklerinin genel etki biiylikligi etrafindaki dagilimin
gostermektedir. Huni grafiginde de goriildiigl gibi ¢alismalarin etki biyiikliigli degerleri genel etki biiyiikliga
degeri cevresinde hemen hemen simetrik bir dagilim gdstermistir. Bu durumda yaym yanliliginin olmadigimi
sOyleyebiliriz. Olasi yanlilik ihtimaline karsilik Egger Regresyon Testi Tablo 3’te incelenmistir.
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Sekil 2. Basar1 icin Huni Grafigi

Tablo 3. Egger Regresyon Testi

Asimetri Testi Giiven Araligi
0, 8 0,
Etki Bilyiikligii Sayist z 0 Etki Biiyiikligii V! C?S & UStC9|5 &
19 1.354 0.176 -0.550 -2.636 1.536

Egger Dogrusal Regresyon Testi sonucunda istatistiksel olarak anlamli ( p= 0.176 > 0.05) olmadig
goriilmektedir. Bu durumda yaym yanliliginin olmadigini gostermektedir. Buna ilaveten Duval ve Tweedie
(2000) tarafindan gelistirilen Trim and Fill yontemi kullanilarak yayimm yanliliginin meta-analiz sonuglari
tizerindeki potansiyel etkisi degerlendirilmistir. Analiz sonucunda L0, RO ve QO estimatorlarinin tamaminda
eksik caligma sayisi 0 olarak belirlenmistir. Bu durum, huni grafiginde asimetri yaratan eksik caligmalarin
bulunmadigimi gostermektedir. Trim and Fill analizi sonrasi diizeltilmis etki biiyiikligi (0,933) orijinal etki
biiyiikligii ile aym1 kalmistir. Fail-safe N degeri 130 olarak hesaplanmis olup, bu sonu¢ meta-analiz bulgularinin
130 adet negatif sonuglu ¢caligmanin eklenmesine kars1 dayanikli oldugunu gostermektedir.

2.2.2. Heterojenlik Analizi

Heterojenlik dnce Cochran Q testi ile dogrulanmistir. Daha sonra heterojenligin biiyiikliigii (t, 12, [?) ve olasi
sonuglar1 (PI) belirlenmistir. Bu baglamda heterojenlik durumuna gore hangi etki modelinin tercih edilecegi
belirlenmistir. Son olarak da bireysel caligmalarin etkisi Influential Case Analizi ile degerlendirilmistir.
Calismalarin heterojen olup olmadigini incelemek i¢in Cochran Q Testi Tablo 4°te verilmistir.

Tablo 4. Cochran Q Testi ile Heterojenlik Sonuglari

Qe df P

110.386 18 <.001

Tablo 4’ te p < 0,001 oldugu gorilmektedir. Bu durum istatistiksel olarak anlamli sifirdan farkli bir
heterojenlik degerinin oldugunu goéstermektedir. Arastirmaya dahil edilen ¢alismalarin tahmin araliklar1 Tablo
5’te gosterilmistir.

Tablo 5. Meta-Analitik Heterojenlik ve Varyans Tahminleri

95% ClI 95% PI
Etki Biiyiikliigii Alt Ust Alt Ust
T 0.647 0.454 1.035 -0,538 2,288
7 0.418 0.206 1.071
2 84.138 72.293 93.141

Note. 18 clusters with min/median/max 1/1/2 estimates.
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Tablo 5 incelendiginde tau degerinin 0,647 oldugu goriilmektedir. Bu deger oldukga biiyiik bir degerdir. Bu
durum tahmin araliginin genis olmasina sebebiyet verir. Tahmin araligi -0,538 ile 2,288 arasinda degigsmektedir.
Yani eklenecek yeni ¢alismalarin %95 ihtimalle bu tahmin araliginda yer alacagidir. Tau-kare degeri 0,418 olup
bliyiik bir degerdir. 1> degeri 84,138 olup toplam varyansin biiylik kismmin g¢alismalar arasi varyanstan
kaynaklandigin1  gostermektedir. Sonu¢ olarak c¢aligmalarin etki biiyiikliikleri heterojen bir dagilim
gostermektedir. Caligmalar heterojen bir dagilim gosterdiginden dolay1 analizler rastgele etkiler modeline gore
yapilacaktir. Diger yandan her bir calismanin heterojenligi nasil etkiledigi Tablo 6’ da sunulmustur.

Tablo 6. Influential Case (Leave-One-Out) Analizi Sonuglari

Leave One Out

cama Sndatotniny G Gk e g K g B
Cetin Ve

Mirasyedioglu 0.169 0.064 0.004 1.445 0675 0.455 96.917 0.161 5.072
(2019)

Ozbey Ve 0.533 -0.186 0.036 1.294 0.668 0.447 95.538 0.110 5250
Koparan (2020)

Bilen(2016) 1.075 0.489 0.236 1.167 0.641 0411 85.834 0.169 5315
Budiyar(2018) 0.543 0.187 0.037 1.287 0.668 0.446 95.807 0.108 5110
Canevi(2019) 3.139 1.325 1.186 0.300 0.505 0.255 69.020 0.147 4,637 Yes
Ceylan(2003) 2,220 -0.989 0.772 0.619 0.567 0321 74.718 0175 5519
I51k(2023) 0272 0.097 0.010 1.346 0.674 0.455 97.953 0.108 5128
Kelismail(2019) -0.237 -0.141 0.021 1634 0.676 0.457 97.464 0.263 5527
Mercan(2019) 0717 0.400 0.165 1.440 0.663 0.439 95.944 0.236 4,958
Okuducu(2020) 0.827 0.459 0215 1.390 0.658 0433 94.979 0.235 4,932
Pogan(2019) 0337 0.202 0.044 1.620 0674 0.455 97.090 0.266 5576
Simsek(2013) -1.176 0.542 0.286 1.130 0.644 0.415 91.852 0.176 5555
Temiir(2022) 0.791 0.280 0.081 1.210 0.660 0.436 95.197 0111 5277
Yazlik (2015) 1.359 0506 0.241 0.972 0.626 0.392 79.366 0.121 5764
Zengin(2019) 0.384 0.134 0.019 1.330 0672 0.452 96.567 0111 5257
Zengin(2019) 0.451 0.158 0.026 1.315 0671 0.450 96.108 0.111 5.264
Kog(2022) 0370 0.130 0.018 1.327 0672 0.452 97.745 0.106 5.044
Akgakin(2015) -0.450 0.214 0.048 1412 0673 0.453 97.975 0171 5.400
Oner(2009) 0.852 0.305 0.095 1.190 0.656 0.431 91.305 0.114 5.414

Tablo 6’da analiz edilen ¢alismalarin etki biiyiikliigii ve heterojenlige etkileri degerlendirilmistir. inceleme
sonucunda yalnizca Canevi (2009) ¢alismasi potansiyel u¢ deger olarak belirlenmistir. Ancak heterojenlik
tizerinde anlamli bir etkisi olmadigi igin analizden ¢ikarilmamis, ¢aligmaya dahil edilmistir.

3. Bulgular

Teknoloji destekli 6gretimin geleneksel 6gretim yontemlerine kiyasla 6grenci basarisi iizerindeki etkisinin
ele alindig1 bu ¢alismada, bulgular ¢aligmalarin genel (betimsel) 6zellikleri/genel etki biiyiikliigii ve ara degisken
(moderator) analizi olmak lizere iki asamadan olugmaktadir.

3.1. Cahsmalari Genel (Betimsel) Ozellikleri ve Genel Etki Biiyiikliigii
Tablo 7. Aragtirmaya Dahil Edilen Caligmalarin Genel Ozellikleri

Calisma No Yaymn Ad Calisma Tiirii Orneklem Grubu  Orneklem sayisi
1 Cetin ve Mirasyedioglu (2019) Makale Lise 44
2 Ozbey ve Koparan (2020) Makale Ortaokul 47
3 Bilen(2016) Doktora Tezi Lise 68
4 Budiyar(2018) Y. Lisans Tezi Ortaokul 40
5 Canevi(2019) Y. Lisans Tezi Lise 52
6 Ceylan(2003) Doktora Tezi Lise 64
7 I51k(2023) Y. Lisans Tezi Ortaokul 46
8 Kelismail(2019) Y. Lisans Tezi Ortaokul 65
9 Mercan(2019) Doktora Tezi Ortaokul 38
10 Okuducu(2020) Y. Lisans Tezi Ortaokul 32
11 Pogan(2019) Doktora Tezi Ortaokul 73
12 Simsek(2013) Y. Lisans Tezi Lise 68
13 Temiir(2022) Y. Lisans Tezi Ortaokul 60
14 Yazlik (2015) Doktora Tezi Lise 137
15 Zengin(2019) Y. Lisans Tezi Ortaokul 72
16 Kog(2022) Y. Lisans Tezi Ortaokul 43
17 Akgakin(2015) Doktora Tezi Lise 58
18 Oner(2009) Y. Lisans Tezi Ortaokul 56
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Tablo 7 incelendiginde ¢alismalarin 2 tanesi makale tiirii, 6 tanesi doktora tezi ve 10 tanesi de yiiksek lisans
tezi oldugu goriilmektedir. Orneklem grubunun egitim kademesi lise ve ortaokuldan olusmaktadir. Toplam
orneklem biiyiikliigii 1063 katilimcidan olugmaktadir. 18 calismadan elde edilen etki biytikliikleri orman
grafigiyle de incelenmistir. Sekil 3’ te elde edilen bu etki biiyiikliikleri ve bu etki biiyiikliiklerinin giiven
araliklar1 verilmistir.

ONER(2009) — [+0.14,
AKGAKIN(2015) —— ([ 0.23,
KOG(2022) —— [ 0.58,
ZENGIN(2019) R [ 0.07,
ZENGIN(2019) T 69 [ 0,11,
YAZLIK (2015) —— 181 [ L4,
TEMUR(2022) . 50 [ 9.93,
SIMSEK(2013) s 31 [-0.16,
POCAN(2019) —— 640,10,
0KUDUCU(2020) —_— 0,12 [-0.79, 0
MERCAN(2019) e 0 [ 9,23,
KELISMAIL(2019) —— [-0.20,
I1K(2023) —_—— [ 0.5,
CEYLAN(2003) — (0,70,
CANEVI(2019) [ 2.0,
BUDIYAR(2018) . (-0.05,
BILEN(2016) —— [ 1.19,
0ZBEY(2020) — [ 0.01,
GETIN(2019) —_— [ 9.54,

Model Information
Heterogeneity: Q(18) = 110.39, p < 0,001
tau=0.65 [0.45, 1.03]

Pooled Estimate < 87 10,53, 1.2
1(16.16) = 5.35, p < 0.001 _——————— PI [=0.54, 2.29
1 0 1 2 3 4
Effect Size

Sekil 3. Basar1 Icin Orman grafigi

Etki biyiikliiklerini temsil eden dortgenlerin alanlari ¢alismalara atanan agirliklarla dogru orantili olarak
cizilmigtir. Dikdortgeni biiyiik olan ¢aligmaya daha fazla, dikdortgeni kiigiik olan ¢alismaya daha az agirlik
verilmistir. Ayrica genel etki biiyiikligi (Hedges’ g =0,875), bu etki biiyiikliigiiniin giiven araligi [0,53, 1,22] ve
tahmin araligr [-0,54, 2,29] oldugu goriilmektedir. Orman grafiginde c¢aligmalarin heterojen oldugu
goriilmektedir. Analizler rastgele etkiler modeline gore hesaplanmistir.

Aragtirmaya dahil edilen 18 ¢alismadan 19 etki biiyiikligi degeri elde edilmistir. Bir ¢alismada (Zengin,
2019) 2 deney grubu oldugu i¢in bu g¢alismadan 2 tane etki biiyiikliigii degeri hesaplanmustir. Calismadaki
analizler JASP 0.19.2.0 programi kullanilarak yapilmistir. Ortak etki biiyiikliigii icin Hedges’ g kullanilmistir.
Caligmalarin genel etki biiyligli Tablo 8’ de verilmistir.

Tablo 8. Matematik Bagarisi igin Basit Meta- Regresyon Analizlerinin Sonuglari

Etki Standart 0 0
Biyikligi  Hata t df p 95% ClI 95% PI
Alt Ust Alt Ust
<,001 0,528 1,221 -0,538 2,288
0,875 0,164 5,349 16,162
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Tablo 8’ de goriildiigii gibi genel etki biiyiikliigi 0,875 olarak hesaplanmis ve bu deger biiyiik bir etki
biiyiikliigiine karsilik gelmektedir. p < 0,001 oldugu icin genel etki biiyiikliigi istatistiksel olarak anlamlidir.
Genel etki biiyiikliigliniin % 95 ihtimalle giiven aralig1 0,528 ile 1,221 arasinda degistigi goriilmektedir. Giiven
araliginin genis olmasi caligma sayilarinin az olmasindan kaynaklanmaktadir. Sonug¢ olarak, genel etki
biylikliigii g6z oniinde bulunduruldugunda cebir 6grenme alaninda teknoloji destekli dgretimin geleneksel
Ogrettim yontemine kiyasla Ogrencinin matematik basarisina pozitif olarak biiylk derecede etki ettigi

goriilmektedir.
3.2. Ara Degisken (Moderator) Analizi

Ara degisken analizi i¢in Oncelikle her bir ara degisken kullanilarak basit meta regresyon analizleri
yapilmistir. Tim ara degisken analizleri i¢in JASP 0.19.2.0 yazilimi kullanilmistir. Analizlere baslamadan 6nce
¢alismanin yili ve uygulama siiresi gibi siirekli degiskenler i¢in dogrusallik sayiltist kontrol edilmistir. Siirekli
degiskenler dogrusallik sayiltisinin  saglanamadigi durumlarda kategorik degiskenler olarak yeniden
kodlanmistir. Uygulanma siiresi kisa, orta ve uzun olmak iizere {i¢ kategoriye ayrildiktan sonra analizi
yapilmustir. 20 saate kadar olan ¢alismalar kisa, 20 den 30 saate kadar olan ¢aligmalar orta, 30 ve {izeri saat olan
caligmalar uzun olarak yeniden kodlanmistir. Calisma yili ara degiskeni ise diizensiz dagilim gosterdiginden
dolay1 kategorik degiskene doniistiirilememistir. Sekil 4 uygulanma siiresi i¢in dogrusallik grafigini Sekil 5 ise
calisma yilinin dogrusallik grafigini gostermektedir.

i Eaa
2 24
=} o
)] o
= 2
X o
3 =
> >
3 =
5 5
g g
o @«
0 - 0 -
|
20 30 2005 2010 2015 2020
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Sekil 4. Uygulanma Siiresi I¢in Dogrusallik Sekil 5. Calisma Y1il1 i¢cin Dogrusallik

Sekil 4 ve Sekil 5’ te goriildiigii gibi stirekli degiskenlerin dogrusallik sayiltisini saglamadig gortilmektedir.
Dolayisiyla uygulanma siiresi kategorik degiskene g¢evrildikten sonra ara degisken analizi yapilmis, ¢alisma yili
kategorik degiskene doniistiriilemedigi i¢in analizi yapilamamigtir. Analizi yapilan ara degiskenlere ait bulgular
Tablo 9’da sunulmustur.

Tablo 9. Ara Degiskenlere Ait Betimsel ve Istatistik Bilgileri

Ara Alt gruplar Etki Etki p F Tau- R-Kare
Degiskenler biyiikligi biiyikligii Kare (R?)
sayisl
Egitim Lise 1,167 7 0,263 1,374 0,398 4,937
kademesi Ortaokul 0,700 12
Teknoloji tiiri ~ Matematiksel 1,005 7
yazilimlar
Sanal 0,920 3
manipiilatifler 0,851 0,263 0,497 0,000
Cevrimigi- 0,901 5
isbirlik¢i araglar
Diger 0,579 4
Olgegi Aragtirmaci 0,840 15 0,667 0,228 0,443 0,000
gelistiren Hazir 1,009 4
Uygulayici Aragtirmaci 0,585 10 0,077 3,691 0,349 21,332
Ogretmen 1,260 8
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Tablo 9’un devamu

Uygulama Kisa 0,443 6

stiresi Orta 0,800 7 0,163 2,193 0,322 23,054
Uzun 1,368 6

Alt 6grenme Cebirsel Ifadeler 0,427 4

alan Denklemler 0,955 9 0,220 1,855 0,423 0,000
Fonksiyonlar 1,052 6

Tablo 9’ da ara degisken analizleri incelendiginde, Egitim kademesi ara degiskenine gore lise icin etki
biiyikligii (1,167) olup biiyiik etki biiyikliigiin oldugu goriilmektedir. Ortaokul i¢in etki biyiikligii 0,700 olup
orta biiyiikliikte etki biiyiikliigiine karsilik gelmektedir. Her iki egitim kademesinde teknoloji destekli 6gretimin
geleneksel yonteme kiyasla etkili bir yontem oldugu sdylenebilir. Egitim kademesi ara degiskeni istatistiksel
olarak anlamli olmamasina ragmen varyansin yaklasik % 5’ ini agiklamaktadir (p=0,263>0,05). Tau kare degeri
biiyiik oldugu igin heterojen bir dagilim mevcuttur. Diger yandan teknoloji tiirii ara degiskenine gore,
matematiksel yazilimlar (1,005), sanal manipiilatifler (0,920), ¢evrim ici igbirlik¢i araglar (0,901) igin etki
biiyiikliiklerinin biiylik oldugu goriilmektedir. Teknoloji tiirii ara degiskeni istatistiksel olarak anlamli degildir
ve varyansi aciklayamamaktadir (p=0,851>0,05; R>=0,000). Ancak oOlgegi gelistiren ara degiskenine gore
aragtirmaci tarafindan gelistirilen Slceklerin uygulandigi calismalarin ortalama etki biiyiikligi 0,840; hazir
6lceklerin uygulandigi caligmalarin ortalama etki biiyiikliigii 1,009 olup her iki alt grup biiyiik etki biiyiikliigiine
karsilik gelmistir. Olgegi gelistiren ara deg@iskeni istatistiksel olarak anlamli degildir (p=0,667>0,05). Ayrica
herhangi bir varyans agiklamamaktadir (p=0667>0,05; R>=0,00). Ayrica uygulayici ara degiskenine gore
arastirmaci tarafindan yiiriitiilen calismalarin ortalama etki biyiikliigli degeri (0,585), 6gretmen tarafindan
yiiriitiilen ¢aligmalarin ortalama etki bilyiikliigii degeri (1,260) olup arastirmaci ve dgretmen alt gruplar: arasinda
biiyiik fark oldugu sdylenebilir. Uygulayict ara degiskeni istatistiksel olarak anlamli olmamasina ragmen
varyansin %21’ ini agiklamaktadir (p=0,077>0,05). Orneklem biiyiikliigiiniin az olmasi istatistiksel olarak
anlamli ¢ikmamasina sebebiyet verebilir. Tau kare degerine gore heterojen dagilim mevcuttur. Uygulayicinin
Oonemli bir ara degisken olabilecegi soylenebilir. Uygulama siiresi ara degiskenine gore ise kisa zamanl
uygulamalarin ortalama etki biiytikliigli (0,443), orta zamanli uygulamalarin ortalama etki biiyiikliigii (0,800),
uzun zamanli uygulamalarin ortalama etki biiyilikligi (1,368) oldugu goriilmektedir. Uygulama siiresi artikca
yontemin daha etkili oldugu sdylenebilir. Istatistiksel olarak anlamli ¢tkmamasina ragmen varyansin %23 iinii
aciklamaktadir (p=0,163>0,05). Bu durum Orneklem biytlikligiinin kiigiikk olmasindan kaynaklanabilir.
Uygulama siiresinin ~ basart agisindan 6nemli bir ara degisken oldugu sodylenebilir. Tau kare degeri
incelendiginde uygulama siiresi ara degiskeni heterojen dagilim gostermektedir. Ancak cebir alt 6grenme alani
ara degiskenine gore cebirsel ifadeler konusunda ortalama etki biyiikligi (0,427), denklemler konusunda
ortalama etki biiyikligi degeri (0,955), fonksiyonlar konusunda ortalama etki biiyiikligi (1,052) oldugu
goriilmektedir. Cebir alt 6grenme alanlarinda yontemin farkli derecelerde etki ettigi sdylenebilir. Alt 6grenme
alan1 ara degiskeni istatistiksel olarak anlamli degildir ve varyansi agiklayamamaktadir (p=0220>0,05;
R?=0,000).

4. Tartisma, Sonugc ve Oneriler

Bu meta-analiz ¢alismasinda, cebir dgrenme alaninda teknoloji destekli Ogretimin geleneksel &gretim
yontemlerine kiyasla Ogrencilerin matematik basarisit iizerindeki etkisi incelenmistir. Arastirma sonuglari,
teknoloji destekli 6gretimin dgrencilerin matematik basarisi tizerinde biiyiik bir pozitif etkiye sahip oldugunu
ortaya koymustur (Hedges’ g = 0,875). Bu bulgu, teknoloji destekli 6gretimin cebir 6grenme alaninda geleneksel
yontemlere gére daha etkili bir 6gretim yaklagimi oldugunu goéstermektedir. Cohen'in (1988) etki biiytkligi
smiflandirmasia gore, elde edilen deger “biiyiik etki” kategorisinde yer almaktadir. Arastirma bulgulari,
alanyazindaki diger caligmalarla tutarlilik gostermektedir. Arastirma bulgulari, alanyazindaki diger ¢alismalarla
tutarlilk gostermektedir. Ornegin, Deniz (2019) tarafindan gergeklestirilen meta-analiz ¢alismasinda teknoloji
destekli dgretimin matematik basarist lizerindeki genel etki biylikligi 0,758 olarak bulunmustur. Benzer
sekilde, Kaya ve Ocal (2018) tarafindan yapilan ve GeoGebra uygulamalarinin matematik basarisia etkisini
inceleyen meta-analiz ¢aligmasinda genel etki bityiikliigii 0,899 olarak tespit edilmistir. Ayrica, He ve arkadaglart
(2025) tarafindan yapilan ve dinamik geometrik yazilimlar iizerine odaklanan meta-analiz ¢alismasinda, bu tiir
yazilimlarin K-12 diizeyindeki 6grencilerin matematik 6grenmeleri tizerinde biiyiik etki biiytikligiine (g = 0,820)
sahip oldugu belirlenmistir. Giiler ve arkadaslari (2022) ise, mobil 6grenme uygulamalarinin 6grencilerin
matematik basarisi iizerinde orta diizeyde pozitif bir etkiye sahip oldugunu ve etki biiylikliiglinin g = 0,476
oldugunu rapor etmistir.

Aragtirma kapsaminda incelenen ¢alismalarin ara degisken analizleri, etki biiyiikliiklerinin farkli moderator
degiskenlere gore degiskenlik gdsterdigini ortaya koymustur. Ornegin egitim kademesi ara degiskenine gore, lise
diizeyindeki uygulamalarda biiyiik etki biiytikliigii (1,167) gozlenirken, ortaokul diizeyindeki uygulamalarda orta
etki biiyiikligii (0,700) tespit edilmistir. Bu bulgu, her iki egitim kademesinde de teknoloji destekli 6gretimin
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geleneksel yontemlere kiyasla etkili oldugunu, ancak lise diizeyinde daha yiiksek etki degerine sahip oldugunu
gostermektedir. Bu sonug, Deniz’in (2019) ¢alismasinda en yiiksek etki diizeyinin {iniversite seviyesinde (0,858)
bulunmasiyla paralellik gostermektedir. Bu durum, egitim kademesi yiikseldikce teknoloji destekli dgretimin
etkililiginin arttigini diistindiirmektedir.

Teknoloji destekli Ogretimin uygulama siiresi, ara degisken olarak incelendiginde, kisa zamanl
uygulamalarin ortalama etki biiylikliigii 0,443 (orta diizey), orta zamanli uygulamalarin ortalama etki biiytikligii
0,800 (biiytik diizey) ve uzun zamanl uygulamalarin ortalama etki biiytikligi 1,368 (¢ok biiyiik diizey) olarak
belirlenmistir. Arastrmanin bu bulgusu, alanyazindaki ¢aligmalarla tutarlilik gdstermektedir. Ornegin, Wang ve
arkadaslar1 (2022) tarafindan yapilan bir meta-analiz c¢alismasinda, dijital oyun tabanli STEM egitiminin
Ogrenme basarisi lizerindeki etkisi incelenmis ve uygulama siiresinin, 6grenme ¢iktilar1 lizerinde 6nemli bir
moderator degisken oldugu bulunmustur. Caligmada, uzun siireli uygulamalarin, 6grenci basarisini daha fazla
artirdig1 belirtilmistir. Bu baglamda uygulama siiresinin dgrenci basarisi iizerinde kritik bir moderator degisken
olduguna isaret etmektedir. Uygulama siiresi arttik¢a, teknoloji destekli 6gretimin etkililigi de artmaktadir. Bu
durumun olast nedenleri arasinda, uzun siireli uygulamalarda 6grencilerin teknolojik araglara daha fazla aligma
firsat1 bulmalari, teknoloji entegrasyonunun daha derinlemesine gergeklestirilmesi ve Ogrencilerin teknoloji
kullanimi konusunda daha 6zgiivenli olmalarinin etkili oldugu diisiiniilebilir. Bu aragtirmada ayrica, cebir
O0grenme alaninda teknoloji destekli dgretimde, uygulayicinin roliiniin (6gretmen veya arastirmaci) Ogrenci
basarisini etkiledigi belirlenmistir. Ogretmen tarafindan yiiriitiilen ¢alismalarda daha yiiksek etki biiyiikliigii elde
edilmistir. Bu bulgu, teknoloji destekli o6gretimin etkililiginde oOgretmenlerin roliiniin kritik oldugunu
vurgulamaktadir. Nitekim Zeng ve arkadaslar1 (2022) tarafindan gergeklestirilen bir meta-analiz ¢alismasi,
Ogretmenlerin bilgi ve becerilerinin, teknoloji destekli 6gretimin basarisinda 6nemli bir belirleyici oldugunu
ortaya koymustur. Diger yandan 6gretmenlerin sinif dinamiklerini daha iyi bilmeleri, 6grencilerle daha giicli
iliskiler kurabilmeleri ve pedagojik alan bilgilerinin daha yiiksek olmasi, teknoloji destekli 6gretimin
uygulanmasinda avantaj saglayabilir.

Cebir 6grenme alaninda teknoloji destekli 6gretimde kullanilan teknoloji tiirii ara degiskeni incelendiginde,
sanal manipiilatiflerle ilgili calisma sayisi az olmasmna ragmen etki biiylikliigliniin biiyilk olmasi dikkat
¢ekmektedir. Moyer-Packenham ve Westenskow (2013) tarafindan gergeklestirilen bir meta-analiz ¢alismasinda
da, sanal manipiilatiflerin 6grenci basarist lizerindeki etkilerini incelendigi ¢aligmada, sanal manipiilatiflerin
Ogrenci basarist lizerinde orta diizeyde bir etkiye sahip oldugunu ortaya koymustur. Cebir 6grenme alaninda
teknoloji destekli 6gretimin ele alindig1 bu calismada sanal manipiilatiflere yonelik etki biiytikliigiintin biiyiik
cikmasi, sanal manipiilatiflerin dzellikleri ile agiklanabilir. Ornegin sanal manipiilatifler, matematigi 6grenme
stirecinde farkli 6grenme hizina ve tarzina sahip 6grencilere gore 6zellestirilebilir (Shin vd., 2017). Bu durum,
ozellikle cebirsel ifadeler iizerinde yapilan islemlerde Ggrenicinin hata yapmasina ve bu hatalar1 kesfederek
diizeltmesine olanak taniyabilir. Ogrenci, cebirsel bir yapiy1 dijital ortamda dogrudan manipiile ederek yeniden
yapilandirabilir. Boylelikle ortaya ¢ikan etkilesimli 6grenme siireci, kavramsal anlayisin derinlesmesine ve
6grenmenin igsellestirilmesine katki saglayacagini diisiindiirmektedir.

Cebirin alt 6grenme alanlar1 agisindan incelendiginde, cebirsel ifadeler konusunda ortalama etki biiyiikligi
0,427 (orta diizey), denklemler konusunda ortalama etki bilylikligii 0,955 (biiylik diizey) ve fonksiyonlar
konusunda ortalama etki biiytikliigii 1,052 (biiyilik diizey) olarak belirlenmistir. Bu bulgular, teknoloji destekli
ogretimin etkililiginin cebirin alt 6grenme alanlarina gore farklilastigini gdstermektedir. Fonksiyonlar konusunda
teknoloji destekli 6gretimin daha biiylik etkiye sahip olmasimin muhtemel nedenleri arasinda, bu kavramlarin
dogas1 geregi dinamik ve coklu temsillere uygun olmasi yer almaktadir (Akkog, 2006). Teknolojik araglar
sayesinde Ogrencilerin fonksiyonlar1 grafikler, tablolar ve cebirsel ifadeler araciligiyla eszamanli olarak
inceleyebilmeleri ve bdylece soyut yapilarin daha somut hale gelebilmesi miimkiin olmaktadir.

Bu ¢alisma, cebir 6gretiminde teknoloji destekli 6gretimin etkililigine dair literatiirdeki bulgulari sistematik
bicimde sentezlemistir. Arastirmanin sonuglarina gore, teknoloji destekli dgretimin cebir basarisini etkiledigi
goriilmektedir. Teknolojik araglar, yapilandirmact 6grenme teorisi perspektifinden degerlendirildiginde,
Ogrencilerin matematiksel kavramlari kesfetmelerine, baglantilar kurmalarina ve anlamlar inga etmelerine olanak
tanimaktadir. Dinamik matematik yazilimlari, 6grencilerin matematiksel nesneleri manipiile etmelerine,
tahminlerde bulunmalarma ve sonuglar1 test etmelerine imkan vermektedir. Ozellikle mobil 6grenme
uygulamalari, 6grencilerin matematik dgrenmelerini destekleyebilecek esnek ve erisilebilir araglar sunmaktadir
(Giiler ve ark., 2022). COVID-19 sonrasi donemde yayginlasan dinamik matematik yazilimlar, K-12
diizeyindeki 6grencilerin matematik 6grenmelerini giiclendirmekte, 6zellikle soyut matematiksel kavramlarin
gorsellestirilmesinde 6nemli rol oynamaktadir (He ve ark., 2025). Ayrica bu arastirma uygulamaya yonelik
o6nemli sonuglar sunmaktadir. Uygulama agidan, bu arastirmanin sonuglari, matematik 6gretmenlerinin
smiflarinda teknoloji kullanimini artirmalart gerektigini gostermektedir. Diger yandan bu arastirma, teknoloji
destekli 6gretimin cebir 6gretiminde dgrencilerin bagarisi lizerindeki genel etkisini belirlemenin Gtesine gegerek,
egitim kademesi, teknoloji tiirli, uygulama siiresi, dlgme aracinin kaynagi ve alt 6grenme alani gibi moderatdr
degiskenlerin bu etkiyi nasil farklilagtirdigini ortaya koymaktadir. Moderator degiskenler tizerinden elde edilen
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bulgular, farkli egitim kademelerinde ve teknoloji tiirlerinde etki diizeylerinin degisebildigini ortaya koyarak
uygulayicilara baglamsal olarak daha uygun yontem ve araglarin se¢imine iliskin yol gosterici oldugu
diigtiniilmektedir. Egitim politikasi agisindan, bu arastirmanin sonuglari, cebir 6gretiminde okullardaki teknolojik
altyapinin giiclendirilmesi, Ogretmenlerin teknoloji kullanimi konusunda egitilmesi ve teknoloji destekli
matematik d6gretimi i¢in uygun miifredat materyallerinin gelistirilmesi gerektigini vurgulamaktadir.

Son olarak bu meta analiz calismasina sadece Tiirkiye’de yapilmis calismalar dahil edilmistir. Baska
iilkelerde yapilan diger calismalar da ele alinabilir. Dolayistyla 6rneklem sayisi arttirilip heterojenlik diizeyi
azaltilabilir genelleme agisindan daha dogru sonuglar alabilir. Ayrica yapilacak calismalar lisans diizeyindeki
calismalar1 dahil ederek lisans seviyesinde teknoloji destekli 6gretimin basari tizerindeki etkileri gézlemlenebilir.
Buna ilaveten teknoloji destekli 6gretim yontemlerinin etkisinin daha olumlu sonuglar vermesi i¢in daha uzun
stireli uygulamalar planlanabilir.

Agiklama: Bu ¢alisma, Rabia Kili¢ i tezinin verilerinin bir kismindan tiretilmistir.
Etik Beyanname: Bu ¢alisma, yalnizca yayinlanmug literatiirdeki verileri analiz ettigi igin etik onay gerektirmez.
Finansman: Bu ¢alisma i¢in herhangi bir fon bildirilmemistir.

Cikar beyani: Yazar herhangi bir ¢ikar ¢catismasi beyan etmemektedir.
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