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ABSTRACT

This meta-analytic review aims to explore the impact of technology use on academic achievement
in mathematics courses. In this regard, the studies published between February 2019-2023 were
examined with the search on Web of Science (WoS) and Scopus databases, and a total of 14 studies
with the specified criteria were included in the meta-analysis. A total of 22 effect sizes covering
1065 sample numbers were obtained. Considering the results of the meta-analysis conducted with
the random effects model, the overall effect of technology on academic achievement was found
to be at a moderate level (EF=0.605). Of all the studies included in the meta-analysis, only one
study had a negative effect size, while the others had a positive value. The study with a negative
value was based on instructing the students in the control group through learning by doing without
technology. The analysis results of the mixed effects model revealed no significant difference
across the effect sizes in terms of the implementation time and grade level. The effect of
technology on academic achievement in mathematics courses significantly differed across sample
size. Accordingly, the effect value grows as the number of samples increases. This study evaluated
qualified studies including technology-enhanced applications in a general framework. There is a
need for many studies that reveal the effect of technology in terms of various dimensions and
factors after the pandemic.
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INTRODUCTION

One of the most significant issues in mathematics education research is to reveal how students can learn more
effectively. In this regard, many different methods and their effect on learning have been identified. With the
rapid infusion of technology in our lives, studies regarding the impact of technology integration in schools on
learning mathematics have been gaining tremendous momentum especially in the last 20 years. The vast
majority of the human population across the world has easier access to technology and the use of technology
has a great impact on their lives. The OECD's Programme for International Student Assessment (PISA) report
published in 2012 highlights that 96% of 15-year-old students in OECD countries had a computer at home, while
72% used a desktop, laptop or tablet computer at school (OECD, 2013). Moreover, digital technology has become
a trend in mathematics education in response to the introduction of a different type of structure in a
mathematics classroom due to the Covid-19 pandemic (Borba, 2021). Therefore, computers, tablets and various
technological devices will now be an indispensable part of education. According to the same report, although
only 42% of students in Korea and 38% of those in Shanghai-China used computers at school, academic
performance in these countries was much higher. Located in the center of Silicon Valley, Wandorf Schools have
been in a great effort to train their students in a technology-free system, which led to a great impact all over the
world with a view to promoting problem solving and creativity (Waldorf of Peninsula | 21st Century Smart
Education - Silicon Valley (waldorfpeninsula.org). Although many countries endeavor to increase their

technological equipment, the use of technology in education is still a controversial issue.

Use of Technology in Education

The use of technology (information and communication technologies) in mathematics education has been
present in significant conferences such as ICMI and ICME over the last 30 years, and the incorporation of
technology into mathematics education has been discussed for many years (Borba et al., 2016; Menghini et al.,
2008). Some structural changes have been made in the course contents and curricula in relation to these
developments. Investments in digital technologies were maximized in many countries, especially in EU countries

especially due to the effect of the pandemic (European Commission (EACEA, 2019)).

Countries developing policies for the use of technology in education have taken many steps such as equipping
classrooms with technological tools, increasing the opportunities for teachers and students to access technology,
developing their technological competencies, producing new technologies, preparing software and content in
education, etc. (EACEA, 2019; Loureiro, Linhares & Ramos; 2012; National Plan for Educational Use of Information
and Communications Technology, 2010; Preliminary Report Malaysia Education Blueprint, 2013). To exemplify,
serious infrastructure studies were carried out for the use of technology in learning processes in Turkey, and the
Education Information Network (EBA), which was implemented by the Ministry of National Education (MoNE) in
2010 within the scope of the Fatih Project, was designed to provide additional electronic content to the

curriculum (MoNE, 2018).
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Numerous studies have been conducted on improving infrastructure related to the use of technology in
education, providing various trainings to teachers, students and parents on software and hardware skills,
developing software and interactive applications suitable for the curriculum in Portugal since 2018 (Loureiro,
Linhares & Ramos; 2012). Known for its effective practices in education, Singapore has implemented 4 different
master plans since 1997 to enrich learning environments and integrate technology. Since 2019, the Education
Technology (Edtech) plan has been continually renewed and implemented to reflect an evolving plan that better
responds to rapid advances in technology and the driving forces affecting education (Soo, Karthikeyan, Lim,
Bartholomaeus, & Yelland, 2023; EdTech Plan | MOE). Every country has taken similar steps on the use of
technology in education as they can be effective in the short term for policy makers. It is still a matter of debate
how effective technology is in terms of increasing the quality of education. With the integration of technology in
mathematics courses, it may be probable to visualize and make abstract mathematics subjects more
understandable. It is also possible to have students engage in learning environments prepared through various
software (Cavus & Deniz, 2022). Mobile technologies, augmented reality applications, digital games and various
educational software may be incorporated into mathematics education. To illustrate, augmented reality
applications are particularly used in the field of geometry learning to visualize geometric shapes (Koparan, Dinar,

Koparan & Haldan, 2023), to understand 3D objects from various angles (Flores-Bascunana et al. 2020).

Similarly, many studies were conducted on the dynamic mathematics software geogebra, which includes
different applications for each learning area such as geometry, algebra, and data analysis. Some studies also
revealed that geogebra had a positive effect on students' academic achievement, their attitudes and skills (Juandi
and Priatna, 2018; Juandi, Kusumah, Tamur, Perbowo, & Wijaya, 2020). However, there are also studies showing
that students' mathematical skills developed through using GeoGebra software are not better than those with

traditional approaches (Priyono & Hermanto, 2015).

In their meta-analysis study on examining the impact of mobile technologies upon elementary school
mathematics achievement, Fabian Topping and Barron (2016) concluded that the overall effect size of a total of
60 studies was small (ES=0.48). Therefore, many studies were carried out on different uses of technology in
education. A holistic approach to demonstrating the effectiveness of these studies in learning environments is

paramount in terms of technological investments and planning.

In this regard, answers to the following questions were sought:

e What is the impact of technology integration in mathematics instruction on academic achievement
compared to non-technological learning environments?

e Does the impact of technology on academic achievement in mathematics courses differ across the
implementation time?

e Does the impact of technology on academic achievement in mathematics courses vary across grade

level?
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e Does the impact of technology on academic achievement in mathematics courses differ across the

sample size?

METHOD

This study employed a meta-analytical review method to examine the studies regarding the effect of technology
use on mathematics lessons. Meta-analysis is a statistical tool for estimating the considerable variation in effect

sizes overall (homogeneity of effect sizes) (Field & Gillett, 2010).

Data Collection

This study followed the systematic review proposed by Moher, et. al (2009) in the process of study selection such

as identification, screening, eligibility and including.

Identification

Experimental studies, using different methods with technology integration, were scanned through Web of
Science (WoS) and Scopus databases during the identification process. WoS covers SCl-Expanded (Science
Citation Index-Expanded), SSCI (Social Science Citation Index) and A&HCI (Arts and Humanities Citation Index)
citation indexes. WoS indexes the best journals in terms of citation impact per article (Lopez-lllescas, Moya-
Anegon, & Moed, 2008). Thus, WOS is known as the database of the most prestigious journals, whose
effectiveness is welcomed by all over the world. In this respect, researchers have the opportunity to observe the
latest trends in the world. However, the number of best-cited journals is limited. This study also involves the
SCOPUS database, which is popular especially in recent years in terms of indexing criteria and which has a wider
impact area. While WoS indexes internationally diverse journals, iScopus tends to index more regional
publications from different geographical regions (Mongeon & Paul-Hus, 2016). Hence, the present study includes
both studies with high scientific value and those conducted in different geographical regions. The most significant
criterion for this study was to reach studies with high research value and whose refereeing process was seriously

processed, which further resulted in the use of limited number of indexes.

In service of this aim, the study applied the following key terms in both databases: 'mathematics education'
'technology' 'achievement' 'impact' and 'experimental'. As a limitation of publication, education & education
research options were used between the years 2020-2023 (February) due to the large number of publications

especially in the field of health and engineering. A total of 54 articles were reached in the WOS database.

The same key terms were used in the Scopus database, and the subject area was determined as social sciences.
As a result, the researcher had a total of 5908 studies published between 2020-2023. Experimental studies were
selected by searching the abstract parts of the studies as 'experimental group' and 'control group', and 192
studies were obtained. These studies were downloaded from the scopus database to the MC Excel format and

the title or abstract of each were read. Some of the studies employed meta-analysis, meta-synthesis, or
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comparisons between different countries, while others used experimental designs without a control group. The

full texts of a total of 27 studies were selected with reference to the aim of the study.

Screening

The obtained results with the above key terms were reviewed based on the following inclusion criteria.

The specified criteria determined for the inclusion of the studies in this meta-analysis study are as follows:

They must be published between 2020-2023 and written in English,

They must be experimental studies with pretest-posttest control groups, and that they must employ technology-

mediated methods in the experimental group and non-technological methods in the control group,

Eligibility

The full texts of all the studies were read and those suitable for the purpose of the study were identified
considering the criteria noted above. Some studies were excluded while sorting and listing the selected studies.

The criteria for excluded articles are depicted as follows.

Studies using technology-aided methods in both experimental and control groups,

Studies without a control group,

Studies that measure achievement in STEM or different disciplines rather than mathematics.

The same study scanned in both Scopus and WoS databases is registered in the WoS database.

Inclusion

This study involves 15 articles that investigated mathematics achievement with technology-based learning in the
experimental group and non-technological learning in the control group. A coding form was generated before
the statistical analysis, and the data related to each study was recorded in this form. The coding form consists of
two parts. The first part includes information regarding the author, journal name, country, publication year,
participants, technology and mathematics-learning area used for the experimental group, and the second part
involves data [sample size (N), mean (X), standard deviation (SD)] necessary to calculate the effect size of the

studies.

Data Analysis

Data were analyzed through the use of the CMA package program. The CMA program is a user-friendly program

that can calculate the effect size by using many different meta-analysis calculation methods. Hence, both the
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overall effect size was calculated and the effect of different moderators such as the participants’ education level
and the participant group on the effect size was identified. The study used sample size, arithmetic mean and
standard deviation, or u value, t value, etc. of the control and experimental groups to calculate the effect sizes
via the interface of the CMA software. This meta-analytic review employed Hedge’s g coefficient as an effect size

index. Rosenthal's Safe N statistics and funnel plot were used to determine the publication bias of the studies.

FINDINGS
Table 1 summarizes the descriptive data regarding the studies.

Table 1. Descriptive Data Regarding the Studies Used in the Meta-Analysis

Country Programme Subject N Time Grade
Zulnaidi, Indonesia Geogebra Functions 80 4 weeks High
Oktavika & Limit functions
Hidayat (2020).
Liburd & Jen Caribbean Geogebra Coordinate 35 3 weeks High
(2021) geometry School
Wang, Kao & Taiwan Mobile learning  Multiplication 93 8 40-min Primary
Wang (2021) system (text, sessions.
graphics, videos,
and other
multimedia)
Alabdulaziz & SaudiArabia Educational social Rational 102 4 weeks Middle
Alhammadi, network (EDMODO)  Numbers School
(2021).
Birgin Uzun, Turkey Dynamic software Linear 52 (8*40 8th grade
Yazici (2021) environment(Geoge equations and minutes)
bra)- slope
Kliziene et.al. Lithuania e-virtual Numbers and 178 eight Elementar
(2021) teaching/learning calculations months. y school
platform EDUKA. Phenomena,
equations, and
inequalities
Geometry,
measures, and
measurements
Statistics
Communication
and general
problem-
solving skills
Lin & Cheng Taiwan Game-based Prime 22 2 weeks 6th grade
(2022) learning-board Factorization
game
Zakelj & Klan¢ar ~ Slovenia Dynamic software Geometry 125 12-h long 8thgrade
(2022) course
Dokic, Boricic & Serbia Dynamic software 3D geometry 74 4 weeks 4th grade
Jelic (2022) (mathematica) and
short movies
Kong, Mohd  Malaysia STEM  (computers Three- 74 1 week Middle
Matore (2022) and projectors) dimensional School
geometric
shapes
Nogueira, et al.  Brazil Learning digital Logic-math 43 16-h long 5th-grade
(2022) technology course
8x2
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Mitrovi¢, Bozi¢ Serbia Dynamic software Graphical 204 14 weeks Undergra

& Takaci (2022) environment(Geoge representation duate
bra) of functions

Bedada & Ethiopia GeoGebra on STEM  Trigonometric 46 4 weeks Grade 12

Machaba (2022) functions

Tang et. al Indonesia Microlectures with  Direct and 62 2 weeks Middle

(2022) video Inverse School

Proportions.

As in Table 1, the studies investigating the effects of technology-mediated applications in the last 3 years were
carried out in East Asian countries such as Indonesia, Taiwan, Malaysia, Central and South America such as the
Caribbean and Brazil, Eastern Europe such as Lithuania, Serbia, and Asian-European countries like Turkey. Digital
software, mobile applications and video-projector, especially geogebra, were used as technology integration.
Some studies only used technological devices such as computers and projectors, while others utilized different

software and applications.

Likewise, some studies applied technology integration and different disciplines such as STEM in the experimental
group. Therefore, it may be incorrect to establish a relationship between the size of the effect coefficients for
the technology integration type of the studies. Subjects related to geometry, numbers and algebra learning areas
were preferred among the learning areas of mathematics course. The total number of samples used in the studies
consisted of 1065 people. The participants were mostly primary, secondary, and high school graduates, yet only
one study was conducted with pre-service teachers. The implementation time was distributed over a wide range

from a week to a term.

Figure 1 displays the funnel plot to examine the publication bias in the studies included in the meta-analysis

before determining the overall effect size of the studies.

Publication bias is one of the considerations in meta-analysis studies. Funnel plot, Rosenthal's N statistics and

Orwin's safe N analysis were used to identify publication bias. The funnel scatter plot is depicted as follows.

Funnel Plot of Standard Error by Hedges's g
0,0
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0,3
/ o .
0,4 /

0,5

Standard Error

-2,0 -1,6 -1,0 -0,5 0,0 0,5 1,0 1,6 2,0
Hedges's g

Figure 1. Funnel Scatter Plot of Effect Sizes
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On analyzing the funnel scatter plot in Figure 1, the individual effect sizes were distributed close to symmetrical,
pointing that there is no possible publication bias. However, the funnel plot alone is insufficient (Dinger, 2014).

Therefore, the present study used Rosenthal's safe N publication bias statistic. The results are presented in Table

2.
Table 2. Publication Bias Statistics Related to the Studies

Publication Bias Value
Z value for observed studies 10,332
P value for observed studies 0,000
Alpha 0,005
Direction 2,000
Z value for Alpha 1,959
Number of observed studies 14
Safe N number 376

As in Table 2, the results of Rosenthal's safe N statistics revealed the safe N number as 376. This value means
that 376 non-significant studies are included in order for the double-tailed p value to exceed .05, namely, the
significance value (Sen, Yildirim, 2020). In other words, 376 publications would invalidate the meta-analysis

results. Since this value is large, it may be wise to mention that the publication bias is low.

Orwin’s fail-safe number analysis was also performed to test the publication bias in the study (Orwin, 1983).

Table 3. Analysis on Orwin's Fail-Safe Number

Hedges' g in the reviewed studies 0,593
Criterion for 'trivial Hedges' g 0,01
Average Hedges' g for missing studies 0,00
Number of missing studies required to reduce hedges' g 818
below 0.01

Orwin's fail-safe number determines the number of studies that may be missing in a meta-analysis process
(Borenstein, Hedges, Higgins ve Rothstein, 2009). This study is considered reliable. Because there are 818 studies
required to reduce the average effect size of 0.593 calculated according to the fixed effects model to 0.01 and to
evaluate the overall effect size value as insignificant. Indeed, it is impossible to reach 818 studies that reported
the effect of technology-aided applications on academic achievement in mathematics courses. Hence, there is

no publication bias in this meta-analytic review.

Model Selection

A selection must be made on which model is suitable to analyze whether the effect sizes differ in meta-analytic
reviews. A fixed effects model assumes that a single effect size value is common to all studies, namely, their
standard deviations are zero. A random effects model proposes that the effect sizes in the studies are distributed
and they do not rely on a single value (Bakioglu & Goktas, 2018; Dinger, 2014; Hedges & Vevea, 1998). An
appropriate model is selected according to the Q and p values through the heterogeneity test. Table 4 displays

the data regarding the heterogeneity test.
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Table 4. Data on Heterogeneity Test
Homogeneity value (Q) Degree of Freedom (df) 12 p
48,550 13 73,223 0,000

Table 4 suggests the analysis results of 14 studies; accordingly, the Q value was 48,550, df was 13, and the p
value was at the level of significance (p<0.05). A significant difference was identified across studies due to the P
value, meaning that the studies were heterogeneous. In this regard, the overall effect was calculated according
to the random effects model. Since the Q value is greater than the .05 significance value in the X2 table

(X2=22,362 for df=13), it may be reasonable to assume that the studies have a heterogeneous structure.

Table 5 summarizes the overall effect sizes according to the effect models of the studies.

Table 5. Overall Effect Size Values According to Effect Models

Model Overall Effect Size 95% Confidence Interval for Effect Size Standard Error
Value Lower Limit Upper Limit

Fixed Effects 0,594 0,477 0,710 0,060

Random Effects 0,665 0,429 0,902 0,121

Table 5 shows that the overall effect size was calculated as 0.594 with a standard error of 0.060 according to the
fixed effects model. The model used in calculating the overall effect size was converted to the random effects
model as the studies were heterogeneous. The random effects model suggested that the standard error of 0.121
and the 95% confidence interval were 0.429 with a lower limit of 0.710 and an average effect size of 0.665 with
an upper limit of 0.710. The Z-test result calculated for statistical significance was identified to be

Z=5.513(p=0.000). Accordingly, it is most probable that the obtained result has statistical significance.

The overall effect size value was positive and hence, the effect of technology-supported applications on academic
achievement was more positive than other non-technology-based methods (methods applied in the control
group). Besides, this effect value was at a medium level, namely, technology-aided applications had a moderate

effect on increasing students' mathematics achievement.

The forest plot, the effect size, variance and standard error values of the studies are presented below.

Study name ComparisonQutcome Statistics for each study Hedges's g and 35% CI
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Meta Analysis

Figure 2. Forest Plot on the Effect Sizes of the Studies
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The values shown as boxes in Figure.. refer to the effect size of the individual studies, and the horizontal lines on
both sides of the boxes signify the lower and upper limits of the effect sizes in the 95% confidence interval. The
width of the squares shows the weights of the individual studies, and diamond represents overall average effect
sizes. Considering the effect sizes of the studies, the largest effect size value was determined as 1.629 and the
smallest as 0.307. While 13 studies with a positive effect were in favor of the experimental group where

technology-based teaching methods were applied, one study had a negative effect in favor of the control group.

Moderator Analysis Findings on Academic Achievement

Since the effect sizes were heterogeneous, moderator analyzes were employed to determine the source of this
heterogeneity. Subgroup analyzes were carried out with these variables through using grade level, sample sizes

and implementation time as moderator variables.

Table 6 depicts the distribution regarding the effect sizes of the studies in terms of implementation time.

Table 6. Effect Sizes of the Studies in terms of the Implementation Time

Variable Category k Overall 95% Confidence Heterogeneity df P
Effect Size Interval for Effect Size Value (QB)
Value Across Groups
time 1-3 weeks 6 0,492 0,296, 0,687 1,742 2 0.418
4-6 weeks 5 0,707 0,062 1,353
More than6 3 0,803 0,346 1,260
weeks

The analysis results suggested that the overall effect size value was 0.492 for the studies with 1-3 weeks of
implementation, 0.707 for those lasting 4-6 weeks, and 0.803 for studies with more than 10 weeks of
implementation. No statistically significant difference was identified across the effect sizes (df=2; Q=1.742

(p=0.415).

Table 7 reports on the distribution regarding the effect sizes of the studies in terms of grade level.

Table 7. Overall Effect Sizes Related to Grade Level

Variable Category k Overall Effect 95% Confidence Heterogeneity df P
Size Value Interval for Effect Size Value (QB)
Across Groups
Grade Level Primary 3 0,141 -0,407 0,690 5,294 2 0.071
Secondary 7 0,864 0,533 1,195
High 3 0,832 0,419 1,146

The results showed that the effect sizes did not significantly differ across grade level. The effect size of the studies
at the primary school level was 0.141, that of the studies at the secondary school level was 0.864 and the effect
size of those at the high school level was 0.832. As there was only one study at the undergraduate level, it was

not included in this table.

The distribution regarding the effect sizes of the studies in terms of the sample sizes is presented in Table 8.
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Table 8. Overall Effect Size Related to Sample Size

Variable Category k Overall Effect 95% Confidence Heterogeneity df P
Size Value Interval for Effect Size  Value (QB)
Across Groups
Sample Size 20-50 4 0,141 0,836 1,536 9,040 2 0.011
51-100 6 0,431 0,036 0,826
100 and 4 0,639 0,350 0,928
over

As regards the effect of the use of technology-mediated teaching method on students' academic achievement in
terms of sample, the highest effect size was found as 0.141 in studies with 20-25 students, and the lowest effect
was 0.431 in those with 51-100 students. The results of the heterogeneity test revealed a statistically significant
difference across the sample sizes (df=2, Q=9,040, P<.05). Accordingly, it may be reasonable to mention that

technology-based education is most effective in the sample size between 20-50.

CONCLUSION and DISCUSSION

This meta-analytic review is an attempt to explore the general impact of the technology-based mathematics
education on academic achievement through combining the quantitative results of the experimental studies
which were published in the WOS and SCOPUS journals between 2019-2022. Besides, some descriptive data were
sought to determine the studies carried out in the last 3 years. This study also aims to investigate how academic
achievement in mathematics courses varies across the students’ grade level, sample sizes and the

implementation time.

In service of this aim, 22 effect sizes representing 1065 sample sizes were calculated in a total of 14 studies. Upon
examining the effect sizes of the studies, the smallest effect size was 0.307, while the largest was 1.629. A
commonly used interpretation related to Hedges g is to refer to effect sizes as small (less than 0.5), medium
(between 0.5 and 0.8) and large (0.8 and greater than 0.8) based on benchmarks suggested by Cohen (1988). In
this regard, current literature involves studies in which the impact of technology on the academic achievement
in the mathematics course is small together with those having a large effect. The results also suggested that 13
studies were positive and only 1 study was negative in terms of the direction of the effect sizes. As regards the
study whose effect size had a negative effect, a learning environment was designed with the use of technology
in the experimental group, while the students in the control group created shapes with concrete materials
(learning by doing-experience) and physical manipulatives. At that point, some studies on similar learning
environments may provide clues as to whether technology will hinder learning by doing. Detailed information on
the learning environments in the control groups was insufficient in the studies included in the meta-analysis;
therefore, an adequate analysis was not conducted about the impact of the learning environments in the control

groups on the effect sizes.

The overall effect of technology on the academic achievement in the mathematics course was found to be at a

medium level (ES overall = 0.665). Similar meta-analysis studies on mathematics achievement identified a low
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level of positive effect (Cheung & Slavin, 2013; Tamim et. al, 2011; Ran,, Kim, Secada, 2022), and a medium level
positive effect (Higgins et al. (2019). Given that this study covers studies especially after the outbreak of the
pandemic, the effect of technology on academic achievement does not differ compared to those conducted in
previous years. It is evident that the presence of technology does not merely affect academic achievement. It

may be recommended to carry out studies that consider different variables such as attitude and motivation.

The studies included in the meta-analytic review were conducted in different and invisible countries of the world
such as East Asia, Central and South America and Asian regions. This may be because the control group was
designed as a completely non-technological learning environment. In fact, it is widely known that developed
countries have a technological equipment in learning environments such as smart boards instead of old boards
and presentation tools such as projections. Thus, it has become more arduous to find a learning environment
without technological equipment, especially after the pandemic. As regards the types of technological
equipment, most of the studies were determined to use a variety of technological equipment instead of a single
type. To exemplify, various software or mobile applications were used with videos, and different technological
hardware supported each other in the designed experimental groups. Therefore, it was not unlikely to determine
as to whether the effect sizes differed across the type of technological equipment. However, similar meta-
analytic reviews reported that the effect sizes noted across the type of technology. In a meta-analysis of 74
qualified studies conducted since the 1980s, Cheung & Slavin (2013) concluded that the effect size differed across
educational technology type. Accordingly, supplemental technology-based applications that provide additional
instruction at students’ assessed levels of need had a larger effect size. Major, Francis & Tsapali (2021)
investigated the impact of students’ use of technology that personalizes and adapts to the learning level in low-
and middle-income countries. The researchers reported that the effect of technology use was low (0.18) in a
total of 16 studies conducted between 2007 and 2020. They also found that more personalized practices resulted

in greater effect size. Therefore, it is upmost importance to make personalized learning with technology effective.

With reference to the moderator variables, no significant difference was noted across the effect sizes of
technology-supported applications in terms of the implementation time. Similar results emerged in various
studies revealing that the duration of technology-supported applications administered to the experimental group
did not have a significant impact on the effect sizes (Demir, 2013; Glinhan & Agan, 2016). Similarly, grade level
did not have a significant effect on effect sizes. This result is congruent with those conducted by Camnalbur &
Erdogan, 2008; Glinhan & Agan, 2016. Although Cheung and Slavin (2013) announced that technology-supported
practices did not differ significantly across grade level, they found that studies conducted in primary school had
a higher level of effectiveness. However, the present study suggested that the effect sizes of the studies applied

in primary school were much lower than those in secondary and high schools.

It is likely that the effect sizes increase significantly as the sample size in the studies increases. The effect size
was found to be 0.141 in studies with 50 or fewer participants, 0.431 in studies with 50-100 participants, and

0.639 in those with 100 or more participants. The relevant literature declared that the sample size significantly
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varied across the effect sizes. However, several major meta-analyses reported that studies with small sample
sizes had larger effect sizes than those with large sample sizes (Cheung & Slavin, 2011; Liao, 1999). In their meta-
analytic review on examining the effect of technology use on academic achievement in Turkey, Goksu and Bolat
(2020) argued that the study with the highest effect size had a sample size of 61-100. In addition, some reviews
using different technologies (smart board, GeoGebra, geometry software) demonstrated that academic
achievement did not significantly vary across sample size (Gliindiz & Kutluca, 2019; Ginhan & Agan, 2016).

Hence, more studies are needed on the best sample size.

SUGGESTIONS

This study includes reviews that employ all technology-supported applications even though the number of
studies in the specified indexes is limited. Thus, there is a need for more qualified studies involving technology-
supported applications. It may be recommended to explore under which conditions technological applications
will be more beneficial, which variables other than academic achievement are more effective, and how they

influence different sample groups (gender differences, gifted children, children with learning difficulties).
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TEKNOLOJi TABANLI UYGULAMALARIN MATEMATIK BASARISINA ETKIiSi: BIR META ANALIZ
CALISMASI

0z

Bu meta analiz ¢alismasinda, teknoloji kullaniminin matematik dersi akademik basarisina etkisini
tespit etmek amaclanmistir. Web of Science ve Scopus veri tabanlarindan yapilan tarama
sonucunda, 2019-2023 Subat ayi araliginda yayinlanan galismalar incelenmis, belirlenen kriterlere
sahip toplam 14 calisma meta analize dahil edilmistir. Toplam 1065 6rneklem sayisini bulan 22 etki
buyukligi elde edilmistir. Meta analiz, rastgele etkiler modeline gore yapilmis ve teknolojinin
matematik basarisina genel etkisinin orta diizeyde (EB=0,605) oldugu belirlenmistir. Meta analize
dahil edilen galismalar igerisinden yalnizca bir galismanin etki biyukligi negatif deger almis, diger
tim calismalar ise pozitif degere sahiptir. Negatif deger alan calismanin kontrol grubunda,
geleneksel metot yerine teknolojisiz yaparak yasayarak 6grenme ile egitim yapildigi gérilmustir.
Karma etkiler modeli kullanilarak yapilan moderator analizleri sonucunda, uygulama siresi ve sinif
diizeyine gore etki biiyikliiklerinde anlamli bir farklilik tespit edilmemistir. Orneklem biiyiikligiine
gore ise teknolojinin matematik dersi akademik basariya etkisi anlamli dizeyde farkhlik
gostermistir. Buna gore 6rneklem sayisi bliylidiikce etki degerinin blylidiga tespit edilmistir. Bu
arastirmada, teknoloji tabanh uygulamalari igeren nitelikli ¢alismalarin genel bir cergevede
degerlendirilmesi saglanmistir. Pandemi sonrasi teknolojinin farkh boyutlar ve faktorler agisindan
etkisinin ortaya kondugu bircok calismaya ihtiya¢ oldugu sonucu ortaya ¢ikmistir.

Anahtar kelimeler: Matematik basarisi, matematik 6gretimi, meta-analiz
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GiRiS

Matematik egitimi arastirmalarinda en 6nemli konulardan biri, 6grencilerin matematigi nasil daha etkili
Ogrenebileceklerini ortaya ¢ikarmaktir. Bu dogrultuda bir ¢ok farkli yontem uygulanarak, bu ydntemlerin
o0grenmeye etkisi belirlenmeye calisilmistir. Teknolojinin bu denli hizli bir sekilde hayatimiza dahil olmasi ile
birlikte, okullarda da teknoloji entegrasyonunun matematik 6grenmeye etkisine yonelik ¢alismalar 6zellikle son
20 yilda buyiik bir ivme kazanmistir. Diinyadaki insan nifusunun ¢ok buyiik bir gogunlugu artik teknolojiye
kolayca ulasabilmekte ve hayatinin devaminda teknoloji kullaniminin ¢ok biyiik bir etkisi olmaktadir. OECD's
Programme for International Student Assessment's (PISA) raporuna gore, 2012'de OECD ilkelerindeki 15
yasindaki 6grencilerin %96'si evde bilgisayari oldugunu bildirirken, %72'si okulda masaustu, dizisti veya tablet
bilgisayar kullandigini bildirmistir (OECD,2013). Ustelik Covid-19 pandemisi ile birlikte dijital teknoloji, matematik
sinifina farkh tiirde bir yapinin gelmesine yanit olarak matematik egitiminde bir trend haline gelmistir
(Borba,2021). Dolayisiyla bilgisayarlar, tabletler ve cgesitli teknolojik cihazlarin da artik egitim diinyasinin
vazgecilmez bir pargasi olacagi diisiinilebilir. Fakat ayni rapora gore, Kore'deki 6grencilerin yalnizca %42'si ve
Sanghay-Cin'deki o6grencilerin %38'i okulda bilgisayar kullanmalarina ragmen bu Ulkelerdeki akademik
performanslarin ¢ok daha yiksek oldugu sonucu ortaya ¢ikmistir. Benzer sekilde, Silikon Vadisi’'nin merkezinde
yer alan Wandorf Okullari’nin, problem ¢6zme ve yaraticili§l desteklemek igin 6grencilerini teknolojiden uzak bir
sistemde yetistirmeye ¢alismalari tiim diinyada buyutk yanki uyandirmistir (Waldorf of Peninsula | 21st Century
Smart Education - Silicon Valley (waldorfpeninsula.org). Sonug olarak, her ne kadar bir ¢ok Ulke egitimde

teknolojik donanimlarini arttirmaya galigsa da, teknolojinin egitimde kullanimi hala tartismali bir konudur.
Egitimde Teknoloji Kullanimi

Son 30 yilda matematik egitimde teknolojinin (bilgi ve iletisim teknolojileri) kullanimi, ICMI ve ICME gibi ¢cok
sayida 6nemli konferansin 6nemli konulari arasinda yer almis ve teknolojinin matematik egitimine nasil entegre
edilecegi uzun yillar boyu tartisiimistir (Borba vd, 2016; Menghini ve digerleri, 2008). Bu baglamda, s6z konusu
gelismelerle, okullarin ders iceriklerinde ve miifredatlarinda bazi yapisal degisikliklere gidilmistir. Ozellikle
pandeminin de etkisiyle, dijital teknolojilere yatirim, basta AB (lkeleri olmak (izere bir¢ok tilkede maksimize hale
getirilmeye calisiimaktadir (European Commission (EACEA, 2019)). Egitimde teknoloji kullanimina yonelik politika
gelistiren Ulkelerin, derslikleri teknolojik donanimla donatma, 6gretmen ve 6grencilerin teknolojiye ulasim
firsatlarini arttirma ve teknolojik yeterliklerini gelistirme, yeni teknolojiler tGretme, egitimde kullanilacak yazilim
ve icerik hazirlama vb gibi bircok adim attiklari gérilmektedir (EACEA, 2019; Loureiro, Linhares ve Ramos, 2012;
National Plan for Educational Use of Information and Communications Technology, 2010; Preliminary Report
Malaysia Education Blueprint, 2013). Ornegin Tiirkiye’de 6grenme siireclerinde teknoloji kullanimina yénelik
ciddi altyapi galismalari yapilmis, Fatih Projesi kapsaminda Milli Egitim Bakanhg (MEB) tarafindan 2010’da
uygulanmaya baslayan Egitim Bilisim Ag1 (EBA), egitim 6gretim programina destek olacak bigcimde elektronik
icerik saglamak igin tasarlanmistir (MEB, 2018). Portekiz’de 2018 yilindan itibaren egitimde teknoloji kullanimi

Uzerine altyapi gcalismalarinin iyilestirilmesi, yazilim ve donanim becerilerine yonelik 6gretmen, 6grenci ve velilere
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cesitli egitimler verilmesi, mifredata uygun yazilimlar ve interaktif uygulamalarin gelistirilmesi gibi ¢alismalar
yapilmistir (Loureiro, Linhares ve Ramos ,2012). Egitimde etkili uygulamalariyla bilinen Singapur, 1997’den bu
yana O6grenme ortamlarini zenginlestirerek teknolojiyi entegre edebilmek icin 4 farkli ana plan (masterplan)
uygulamig, 2019’dan bu yana ise, teknolojideki hizli gelismelere ve egitimi etkileyen itici gliglere daha iyi yanit
veren gelisen bir plani yansitmak igin egitim Teknolojisi (Edtech) plani, strekli yenilerek uygulanmaktadir (Soo,
Karthikeyan, Lim, Bartholomaeus, ve Yelland, 2023; EdTech Plan | MOE). Egitimde teknoloji kullanimina yonelik
calismalar, Glkelerin yonetiminde yer alan politika yapicilar icin de, egitimde yapilan yenilikler anlaminda gozle
gorulir, kisa vadede etkili olabilecek bir adim oldugundan, her iilkede benzer adimlarin atildigi bilinmektedir. Bir
diger yandan, egitimde niteligin arttirlmasi agisindan teknolojinin ne denli etkili oldugu hala tartisilan bir

konudur.

Matematik egitimi agisindan bakildiginda, matematik dersi icerisinde teknoloji entegrasyonu ile, soyut olan
matematik konularinin goérsellestirilmesi, daha anlasilir hale getirilmesi s6z konusu olabilir. Ayrica gesitli yazilmlar
araciligiyla hazirlanan 6grenme ortamlarinda, derse dikkat cekmek de miimkindir (Cavus ve Deniz, 2022).
Matematik egitiminde teknoloji kullaniminin, gesitli egitimsel yaziimlarin yaninda, mobil teknolojiler, arttiriimis
gerceklik uygulamalari, dijital oyunlar aracihg ile gerceklestirildigi sdylenebilir. Ornegin arttirilmis gergeklik
uygulamalari, 6zellikle geometri 6grenme alaninda, geometrik sekillerin gorsellestirilmesi (Koparan, Dinar,
Koparan ve Haldan,2023), 3 boyutlu nesnelerin gesitli agilardan daha iyi anlasiimasi (Flores- Bascunana vd. 2020)
amaciyla kullanildigi bilinmektedir. Benzer sekilde, geometri, cebir, veri analizi gibi her 6grenme alanina yonelik
farkli uygulamalar iceren dinamik matematik yazilimi geogebra ile ilgili cok sayida g¢alismaya rastlamak
mumkiindir. Bu calismalar, geogebranin 6grencilerin akademik basarilarina, ayni zamanda tutum ve becerilerine
olumlu etkisinin oldugu yoninde ¢ok sayida ¢alismaya rastlanmaktadir (Juandi and Priatna, 2018; Juandi,
Kusumah, Tamur, Perbowo, ve Wijaya, 2020). Fakat ayni zamanda, 6grencilerin GeoGebra yazilimi kullanilarak
ogretilen matematiksel becerilerinin, geleneksel yaklasimlarla 6gretilenlerden daha iyi olmadigini ortaya koyan
¢alismalar da vardir (Priyono ve Hermanto, 2015). Fabian Topping ve Barron (2016), mobil teknolojilerin ilkokul
matematik basarisina etkisini inceledigi meta analiz gcalismasinda toplam 60 galismanin genel etki blyuklGgunu
kiicik diizeyde (EB=0,48) oldugunu ortaya koymustur. Dolayisiyla yapilan ¢alismalara bakildiginda, teknolojinin
egitimde farkli kullanim alanlarina yonelik ¢ok sayida calisma yapildigi goriilmektedir. Bu ¢alismalarin bitincl
olarak 6grenme ortamlarinda ne denli etkili oldugunu ortaya koymak ise, teknolojiye yapilan yatirmlar ve

planlamalar agisindan énemlidir.

Bu baglamda bu ¢alismada asagidaki arastirma sorularina cevap aranmustir.

o Teknolojinin kullanilmadigi 6grenme ortamlari ile karsilastirildiginda, matematik 6gretiminde teknoloji
entegrasyonunun matematik dersi akademik basarisina etkisi nedir?
e Teknolojinin matematik basarisina etkisi, uygulama siiresine gore farklilasmakta midir?

o Teknolojinin matematik basarisina etkisi, sinif dizeyine gore farklilasmakta midir?
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e Teknolojinin matematik dersi akademik basariya etkisi, 6rneklem biyukligiine gére farklilagmakta

midir?

YONTEM

Bu ¢alismada, teknoloji kullaniminin matematik derslerine etkisini belirleyen galismalari incelemek amaciyla meta
analiz yontemi kullanilmistir. Meta-analiz, calismalardaki genel etki buyukligini ortaya koymak ve etki
bayklakleri arasindaki degiskenligi (etki boyutlarinin homojenligi) tahmin etmek icin kullanilan bir analiz

yontemidir (Field ve Gillett, 2010).

Arastirmalarin Secilmesi Siireci

Calisma kapsamina dahil olan arastirmalarin belirlenmesi siirecinde Moher vd. (2009)'in ortaya koydugu

sistematik tarama; tanimlama, tarama, uygunluk ve dahil etme sireci izlenmistir.

Tanimlama

Tanimlama sirecinde, Web of Science (WoS) ve Scopus veri tabanlarinda teknoloji entegrasyonu ile farkh
yontemlerin uygulandigi deneysel calismalar taranmistir. WoS; SCI-Expanded (Science Citation Index-Expanded),
SSCI (Social Science Citation Index) ve AHCI (Arts and Humanities Citation Index) atif dizinlerini kapsamaktadir.
WoS’un, makale basina diisen atif sayisi baz alindiginda en iyi dergileri dizinledigi bilinmektedir (Lopez-lllescas,
Moya-Anegon ve Moed, 2008). Dolayisyla, WOS, tim diinyaca etkinligi kabul gérmus, en prestijli dergilerin yer
aldigi veri tabani olarak bilinmektedir. Bu yonlyle arastirmacilar diinyadaki en yeni egilim ve trendleri
gozlemleme olanagi bulmaktadirlar. Fakat en iyi atif alan dergilerin sayisi da sinirhdir. Bu dogrultuda, yine
indeksleme kriterleri agisindan 6zellikle son yillarda gbze garpan, daha genis etki alani bulunan SCOPUS veri
tabani da bu galisma kapsamina alinmistir. WoS’un uluslararasi nitelige sahip dergileri indeksledigi bilinmektedir
fakat Scopus’un daha gok farkli cografik bolgelerden yerel yayinlari da indeksleme egiliminde oldugu soylenebilir
(Mongeon ve Paul Hus, 2016). Boylelikle, hem bilimsel degeri yiksek olan ve literatiire yén veren ¢alismalar, hem
de farkli cografi bolgelerde yapilmis calismalara ulasabilmek amaglanmistir. Fakat bu ¢alisma icin en 6nemli olan
kriter arastirma degeri yliksek olan, hakemlik siireci ciddi bir sekilde islenmis ¢alismalara ulasabilmek olmustur.

Bu nedenle taranan indeksler sinirli tutulmustur.

Bu amag dogrultusunda ‘mathematics education’ ‘technology’ ‘achievement’ ‘effect’ ve ‘experimental’ anahtar
kelimeleri kullanilarak her iki veri tabaninda da aramalar yapilmistir. Yayin sinirlandirmasi olarak, 2020-2023
(subat) yillari arasi ve 6zellikle saghk ve miihendislik alaninda da ¢ok sayida yayin ¢ikmasi nedeniyle, egitim ve

egitim arastirmalari segenekleri kullaniimistir. WOS veri tabaninda toplam 54 makaleye ulasiimistir.

Scopus veri tabaninda ise, ayni anahtar kelimelerle tarama yapilmis ve konu alani olarak sosyal bilimler se¢cenegi
ile tarama yapilmistir. Sonug olarak 2020-2023 yillari arasinda yayimlanan toplam 5908 c¢alismaya rastlanmistir.

Bu calismalarin icerisinden deneysel olanlari segmek amaciyla, calismalarin 6zet metinlerinde ‘experimental
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group’ ve ‘control group’ aramalari yapilmis ve 192 calisma elde edilmistir. Bu ¢alismalar scopus veri tabanindan
MC Excel formatina indirilerek her birinin baslik veya 6zet metinleri okunmustur. Calismalardan bir kisminin meta
analiz, meta sentez, ya da farkh Ulkeler arasindaki karsilastirmalar tiriinden oldugu, bir kisminin ise kontrol
grupsuz deneysel desen oldugu tespit edilmistir. Okunan 6zet metinlerden galismanin amacina uygun olan

toplam 27 galismanin tam metinlerine ulagiimigtir.
Tarama

Yukaridaki anahtar kelimelerle elde edilen sonuglar asagidaki dahil edilme kriterleri baz alinarak goézden

gegirilmistir.
Arastirma kapsamina alinan ¢alismalar icin kullanilan élgitler asagida verilmistir.

e Calismalarin 2020-2023 yillari arasinda yayinlanmis ve ingilizce dilinde yazilmis olmasi
e  Ontest-sontest kontrol gruplu deneysel calismalar olmasi ve bu ¢alismalarda deney grubunda teknoloji
destekli yontemlerle, kontrol grubunda ise teknolojinin kullanilmadigi bir yontemle 6gretim yapilmis

olmasi,
Uygunluk

Uygunluk asamasinda, elde edilen tiim ¢alismalarin tam metinleri okunarak g¢alismanin amacina uygun olanlar
tespit edilmistir. Bu asamada, bazi ¢alismalar kapsam disi kalmistir. Kapsam disi birakilan makalelere yonelik

Olgutler asagida verilmistir.

e Hem deney hem kontrol grubunda teknoloji tabanli yontemlerin kullanildigi calismalar,
e Kontrol grubunun olmadigi calismalar,
e Matematik dersine yonelik basari yerine STEM ya da farkli disiplinlere yonelik basarilarin él¢tldigi

¢alismalar kapsam disi birakilmistir.

Ayrica ayni ¢alismanin hem Scopus hem de WoS veri tabaninda olmasi durumunda, Wos veri tabanina kayitlh

olarak islenmistir.
Dahil Etme

Sonug olarak, deney grubunda teknoloji tabanh 6grenme, kontrol grubunda ise teknolojinin kullanilmadig bir
ogrenme ile gerceklesen ve bu deneysel ¢alisma sonucunda matematik basarisini 6lcen 15 makale ¢alisma
kapsamina alinmistir. istatistiksel analizlerden énce, bir kodlama formu olusturulmus ve her ¢alismaya ait veriler
bu forma islenmistir. Kodlama formu iki asamadan olusmaktadir. ilk asamada, yazar, dergi adi, ilke, yayin yili,
katihmci grubu, deney grubu icin kullanilan teknoloji ve matematik 6grenme alani bilgileri yer alirken, ikinci

boliimde; 6rneklem biylikligl, ortalama ve standart sapma degerleri yer almaktadir.
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Verilerin Analizi

Bu arastirmada veriler CMA paket programi kullanilarak analiz edilmistir. CMA programi, birgok farkl meta analiz
hesaplama yontemlerini bir arada kullanarak etki buytkligini hesaplayabilen kullanici dostu bir programdir.
Boylelikle hem genel etki blyukligi hesaplanmis hem de katilimci grubu egitim duzeyi, katihmcei grubu gibi farkl

moderatorlerin etki buyikliglne etkisi tespit edilmistir.

Etki bayudkluklerinin hesaplanmasi icin CMA yazilimina ait araylzde kontrol ve deney gruplarinin 6rneklem
blylklGg, aritmetik ortalamasi ve standart sapmasi, veya u degeri, t degeri vb. gibi test istatistik degerlerinin
girilebilecegi formatlar segilmistir. Etki bayulklikleri Hedges’s g katsayisina gore hesaplanmistir. Aragtirmanin

yayin yanliligi incelenirken Rosenthal’in glivenli N istatistigi ve huni grafigi kullaniimistir.

BULGULAR

Calismaya dahil edilen arastirmalarin betimsel verileri asagidaki tabloda verilmistir.

Tablo 1. Meta Analize Dahil Edilen Calismalarin Betimsel Verileri

Country Program Subject N Time Grade

Zulnaidi, Endonezya Dinamik yazilim  Fonksiyonlar 80 4 hafta Lise
Oktavika ve (Geogebra) Limit
Hidayat (2020). fonksiyonlar
Liburd ve Jen Karayipler Dinamik yazilm  Koordinat 35 3 hafta Lise
(2021) (Geogebra) geometri
Wang, Kao ve Tayvan Mobil Ogrenme Carpma 93 8 ders ilkokul
Wang (2021) saati
Birgin Uzun, Tarkiye Dinamik yazihm  Lineer 52 8 ders 8. sinif
Yazici (2021) (Geogebra) denklemler saati
Kliziene vd. Litvanya Sanal O0grenme  Sayilar ve 178 8 ay ilkokul
(2021) platformu- EDUKA. denklemler

Denklemler-

esitsizlikler

Geometri ve

Olgme

istatistik

Genel problem

¢6zme

becerileri
Zakelj & Klanéar ~ Slovenya Dinamik yazilim Geometri 125 12 ders 8thgrade
(2022) saati
Mitrovi¢, Bozi¢ Sirbistan Dinamik yazillm  Fonksiyonlarda 204 14 hafta Okul
ve Takaci (2022) (Geogebra) grafik oncesi

gosterimler
Nogueira, vd. Brezilya Dijital teknoloji  Mantik 43 16 ders 5.sinif
(2022) Ogretimi saati (8x2)
Alabdulaziz ve Suudi (EDMODO) Rasyonel Sayilar 102 20 ders Ortaokul
Alhammadi Arabistan saati- 4
(2021). hafta
Kong, Mohd  Malezya STEM (bilgisayar ve 3 boyutlu 74 1 hafta Ortaokul
Matore (2022) projektor) geometrik

sekiller
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Dokic , Boricic Sirbistan Dinamik yazilm 3D geometri 74 4 Hafta ilkokul
ve Jelic (2022) (mathematica) and
kisa filmler
Lin ve Cheng Tayvan Oyun tabanli  Asal ¢arpanlar 22 2 hafta Orta okul
(2022) 6grenme
Bedada ve Etiyopya GeoGebra STEM Trigonometrik 46 4 hafta Lise
Machaba (2022) fonksiyonlar
Tangvd. (2022)  Endonezya Videolu mikro Dogru ve ters 62 2 hafta Orta okul
dersler orant

Tabloya bakildiginda, son 3 yilda teknoloji tabanli uygulamalarin etkisini inceleyen galismalarin Endonezya,
Tayvan, Malezya gibi Dogu Asya Ulkelerinde, Karayipler ve Brezilya gibi Orta ve Guney Amerika, Litvanya,,
Sirbistan gibi dogu Avrupa ve Tirkiye gibi Asya- Avrupa (lkelerinde yapildigi goriilmektedir. Teknoloji
entegrasyonu olarak basta geogebra olmak Uzere dijital yazilimlar, mobil uygulamalar ve video-projektor gibi
teknolojik araglarin kullanildigi sdylenebilir. Burada, bazi galismalarin yalnizca bilgisayar, projeksiyon gibi
teknolojik cihazlari kullandigi, bazi calismalarin ise, bunlarin yaninda farkli yazihmlar ve uygulamalari kullandiklari
gorilmektedir. Benzer sekilde, bazi calismalarin deney grubuna teknoloji entegrasyonunun yaninda, STEM gibi
farkh disiplinlerin bir arada oldugu bir uygulama yaptigl gorilmektedir. Dolayisiyla, ¢alismalarin teknoloji
entegrasyon tlrline vyonelik etki katsayilarinin buyakliglu arasinda bir iliski kurmanin dogru olmadigi
disinilmektedir. Matematik dersi 6grenme alanlari igerisinde, geometri, sayilar ve cebir 6grenme alanina
yonelik konularin tercih edildigi goriilmektedir. Calismalarda kullanilan toplam 6rneklem sayisi 1065 kisidir.
Katilimcilar ilkokul- ortaokul- lise diizeyinde iken yalnizca bir ¢calismada 6gretmen adaylari ile ¢ahsildig tespit
edilmistir. Uygulamalarin yapildigi zaman dilimine bakildiginda ise, bir haftadan bir doneme kadar ¢ok genis bir
yelpazeye dagilim gosterdigi gorilmektedir.

Calismalarin genel etki blyuklGgi belirlenmeden 6nce meta-analize dahil edilen ¢alismalarda yayin yanhhgi olup
olmadigini incelemek icin huni grafigi Sekil 1’de verilmistir.

Meta analiz ¢alismalarinda lizerinde durulmasi gereken konulardan biri yayin yanliligidir. Arastirmada yayin
yanhhgi durumu, huni grafigi, Rosenthal’in N istatistigi ve Orwin’in glivenli N Analizi ile incelenmistir. Huni sagilim
grafigi asagida gosterilmistir.

Funnel Plot of Standard Error by Hedges's g
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Sekil 1. Etki Buyukliklerinin Huni Sacilim Grafigi
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Sekil 1’ de huni sagihm grafigi incelendiginde, gcalismalarin etki buyukliklerinin simetrige yakin bir sekilde dagildig
gorilmektedir. Buna gore, calismada yayin yanliligi olmadigi sdylenebilir. Fakat huni grafiginin tek basina yeterli
olmadigi bilinmektedir (Dinger, 2014). Huni grafigine ek olarak, Rosenthal’in glivenli N yayin yanhligi istatistigi

kullanilmis ve sonuglari tabloda verilmistir.

Tablo 2. Calismalarin Yayin Yanhligi istatistikleri

Yanhlik Durumu Deger
Gozlenen galismalar igin Z degeri 10,332
Gozlenen galismalar igin P degeri 0,000
Alfa 0,005
Yoén 2,000
Alpha igin Z degeri 1,959
Gozlenen galisma sayisi 14
Guvenli N sayisi 376

Tablo 2’de gorildugi gibi, Rosenthal’in glivenli N istatistigi sonucunda gilivenli N sayisi 376 olarak bulunmustur.
Bu deger, cift kuyruklu p degerinin .05” yani anlamlilik degerini asmasi igin, 376 anlaml olmayan ¢alismanin dabhil
edilmesi anlamina gelmektedir (Sen, Yildirim, 2020). Baska bir deyisle, meta analiz sonuglarini gegersiz kilacak
yayin sayisi 376’dir. Bu deger blyik bir deger oldugundan, arastirmanin yayin yanhhginin disik oldugu

soylenebilir.

Yayin yanliligi igin, Rosenthal’in N istatistigi disinda, Bu arastirmadaki yayin yanhhgini test etmek amaciyla Orwin

yontemine gore hata koruma sayisi analizi gergeklestirilmistir (Orwin, 1983).

Tablo 3. Orwin’in Hata Koruma Sayisi Analizi

incelenen calismalardaki Hedges’s g 0,593
Onemsiz bir Hedges’s g icin 6lgiit 0,01
Kayip galismalar igin ortalama Hedges’s g 0,00
Hedges’s g degerini 0,01’in altina gekmek igin gereken kayip 818
¢alisma sayisi

Bilindigi lzere Orwin’in hata koruma sayisi meta analizde eksik olabilecek galisma sayisini tespit etmektedir
(Borenstein, Hedges, Higgins ve Rothstein, 2009). Bu arastirmada sabit etkiler modeline gére hesaplanan
ortalama etki blyikligi 0,593 degerinin, 0,01 degerine inebilmesi ve genel etki blylklik degerinin 6nemsiz
olarak degerlendirilebilmesi igin gerekli ¢alisma sayisi 818 bulundugundan arastirmanin givenilir oldugu
soylenebilir. Nitekim teknoloji tabanh uygulamalarin matematik dersi akademik basarisina etkisini bildiren 818

¢alismaya ulasmak imkansizdir. Bu nedenle bu arastirmada yayin yanliligi olmadigi séylenebilir.

Model Se¢imi

Meta analiz ¢calismalarinda, ¢alismaya dahil edilen etki blytkliklerinin farkllasip farklilasmadigina gére model
secimi yapmak gerekmektedir. Bu baglamda, analize dahil edilen tim galismalarin ayni etki biyuklik degerine
sahip oldugu, yani standart sapmalarinin sifir oldugu tespit edilirse, sabit etkiler modeli; ¢alismalardaki etki

blyklukleri dagilim gosterir ve tek bir degere dayanmaz ise rastgele etkiler modeli kullanilmahdir (Bakioglu ve
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Goktas, 2018; Dinger, 2014; Hedges ve Vevea, 1998). Model segciminde heterojenlik testi sonucunda elde edilen

Q ve p degerlerine gore, uygun model secimi yapilmaktadir. Asagidaki tabloda heterojenlik testinin verileri

verilmistir.
Tablo 4. Heterojenlik Testine Ait Veriler
Homojenlik degeri (Q) Serbestlik Derecesi (df) 12 p
48,550 13 73,223 0,000

Tablo 4’te goruldigu gibi, 14 calismaya ait analiz sonucunda, Q degeri 48,550, df 13 ve p degeri anlamlilik
diizeyindedir (p<0,05). P degeri nedeniyle galismalar arasinda anlaml bir farklilik oldugu, bu nedenle ¢alismalarin
heterojen oldugu sdylenebilir. Bu durumda, genel etki hesaplamasi, rastgele etkiler modeline goére yapilmistir.
Ayrica, bulunan Q degeri, X? tablosunda .05 anlamlilik degerinden (df=13 icin X?=22,362) biiyiik oldugundan,

calismalarin heterojen bir yapida oldugu soylenebilir.

Tablo 5’de galismalarin etki modellerine gore genel etki buytklikleri verilmistir.

Tablo 5. Etki Modellerine Gore Genel Etki Buylikligl Degerleri

Model Genel Etki Buyukligi  Etki Blyiiklugi icin %95 Giiven Araligi Standart Hata
Degeri Alt Sinir Ust Sinir

Sabit etkiler 0,594 0,477 0,710 0,060

Rastgele Etkiler 0,665 0,429 0,902 0,121

Tablo 5'te goruldiigu gibi, genel etki bliyliklugu sabit etkiler modeline goére 0,060 standart hatayla 0,594 olarak
hesaplanmistir. Ancak arastirmaya dahil edilen ¢alismalar heterojen yapida oldugundan, genel etki biytkliginin
hesaplanmasinda kullanilan model, rastgele etkiler modeline gevrilmistir. Rastgele etkiler modeline gore ise,
0,121 standart hata ve %95 giiven araliginin alt siniri 0,429 ve st siniri 0,710 ile ortalama etki blyuklGga
degerinin 0,665 oldugu goriilmektedir. istatistiksel anlamliik amaciyla hesaplanan Z- testi sonucu Z degeri
Z=5,513 (p=0,000) olarak bulunmustur. Buna gore ulasilan sonucun istatistiksel anlamliliga sahip oldugu

soylenebilir.

Genel etki buyukligu degerinin pozitif olmasi, teknoloji tabanli uygulamalarin, akademik basariya etkisinin
teknoloji tabanli olmayan diger yontemlere gére (kontrol grubunda uygulanan yontemler) daha olumlu sonuglar
ortaya koydugu soylenebilir. Ayrica bu etki degerinin orta diizeyde bir deger oldugu, bir diger deyisle, teknoloji
tabanli uygulamalarin, 6grencilerin matematik basarilarini arttirmada orta diizey bir etkisinin oldugu sonucuna

varilabilir.

Calismalara ait etki bliytkligu, standart hata ve varyans degerleri ile birlikte orman grafigi (forest plot) asagida

verilmistir.
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Sekil 2. Calismalarin Etki Blytkliklerini Veren Orman Grafigi

Sekilde kare seklinde gosterilen degerler, arastirmaya dahil edilen her bir ¢calismanin etki blayuklGgind, karelerin
sag ve sol yanindaki cizgiler ise, %95 gliven araligindaki etki blyukliklerinin alt ve Ust sinirlarini géstermektedir.
Karelerin genisligi, bireysel calismalarin agirliklarini, en altta yer alan eskenar dortgen seklinde gosterilern deger
ise, calismalarin genel etki blyikliglini gdstermektedir. Calismalara ait etki biyiklikleri incelendiginde, en
blyk etki bayuklaga degeri 1,629, en kigik etki buyikluga degerinin, 0,307 oldugu gorilmektedir. Pozitif etkiye
sahip 13 calisma teknoloji tabanli 6gretim yontemlerinin uygulandigi deney grubu lehine bir etkiye sahipken,

negatif etkiye sahip bir calisma kontrol grubu lehine bir etkiye sahiptir.

Akademik Basariya iliskin Moderatér Analizi Bulgular

Bu calismada elde edilen etki blyikliklerinin heterojen yapida olmasi nedeniyle, bu heterojenligin kaynaginin
belirlenmesi agisindan moderatér analizleri yapilmistir. Moderator degisken olarak sinif diizeyi, 6rneklem

bayklakleri, uygulama siiresi kullanilarak bu degiskenlerle alt grup analizleri gerceklestirilmistir.

Calismalarin etki bayuakliklerinin uygulanma siresine gore dagilimi asagidaki tabloda verilmistir.

Tablo 6. Uygulanma Sirelerine Gore GCalismalarin Etki Buyuklukleri

Degisken Kategori k Genel Etki Etki Biyukligi igin  Gruplar Arasi df P
Bulyiklagu %95 Guven Araligi Heterojenlik
Degeri Degeri (QB)
Zaman 1-3 hafta 6 0,492 0,296, 0,687 1,742 2 0.418
4-6 hafta 5 0,707 0,062 1,353
6 haftadan 3 0,803 0,346 1,260
fazla

Tablodaki analiz sonuglarina gore, genel etki blyikligli degeri, uygulama siresi 1-3 hafta arasi degisen ¢alismalar
icin 0,492, 4-6 hafta arasi sliren ¢alismalar i¢cin 0,707 ve 10 haftanin lizerinde siiren galismalar igin 0,803 olarak

hesaplanmistir. Etki blyklikleri arasinda anlaml fark olup olmadigini belirlemek icin yapilan heterojenlik testi
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sonucunda istatistiksel olarak anlamli bir fark tespit edilmemistir (df=2; Q=1,742 (p=0,415). Buna gore teknoloji
destekli matematik 6gretiminde 6grencilerin akademik basarilari, arastirmanin uygulanma siiresine gére anlamli

bir farklilik géstermemektedir.

ikinci moderatér olarak secilen sinif diizeyine gére calismalarin etki biyikliikleri dagilimi Tablo 7’de verilmistir.

Tablo 7. Sinif Diizeyine Yonelik Genel Etki BuylklUkleri

Degisken Kategori k Genel Etki Etki Blyukligi icin %95 Gruplar Arasi  df P
Buyukluga Guven Araligi Heterojenlik
Degeri Degeri (QB)
Sinif Duzeyi Primary 3 0,141 -0,407 0,690 5,294 2 0.071
Middle 7 0,864 0,533 1,195
High 3 0,832 0,419 1,146

Sinif diizeyine bakildiginda, etki blytkliklerinin anlamli bir sekilde farklilasmadig1 séylenebilir. Buna ragmen
ilkokul diizeyindeki calismalarin etki buyukligia 0,141 iken, ortaokul dizeyindeki ¢alismalarin etki bayaklaga
0,864 ve lise dlizeyindeki ¢alismalarin etki biyukligi 0,832dir. Lisans diizeyinde yalnizca bir calisma oldugu igin,

bu tabloya dahil edilmemistir.

Orneklem biiyiikliiklerine gére calismalarin etki biyiikliklerinin dagilimi ise Tablo 8’de verilmistir.

Tablo 8. Orneklem Biyiikliiklerine Yonelik Genel Etki Bily(iklugi

Degisken Kategori k Genel Etki Etki Blyukligi icin %95 Gruplar Arasi  df P
Buyukluga Guven Araligi Heterojenlik
Degeri Degeri (QB)
Orneklem 20-50 4 0,141 0,836 1,536 9,040 2 0.011
Blyuklugu
51-100 6 0,431 0,036 0,826
100 lzeri 4 0,639 0,350 0,928

Teknoloji tabanli 6gretimin 6grencilerin akademik basarilarina olan etkisi érneklem blyUkligu agisindan ele
alindiginda, en yiksek etki blylkltginin 0,141 ile 6grenci sayisi 20-25 arasinda olan ¢alismalarda, en disiik etki
blylklGginin ise 0,431 ile 6grenci sayisinin 51-100 arasi olan c¢alismalarda oldugu goérilmektedir. Yapilan
heterojenlik testi sonucuna bakildiginda 6rneklem biyuklikleri arasinda anlamli fark oldugu tespit edilmistir
(df=2, Q=9,040, P<.05). Dolayisiyla, teknoloji tabanh egitimin en etkili oldugu 6rneklem buyikliginin 20-50

arasinda oldugu soylenebilir.

TARTISMA ve SONUG

Bu calismada, 2019-2022 yillari arasinda WOS ve SCOPUS veri tabanlarinda taranan dergilerde yayinlanmis
calismalarin sonuglari meta analiz yontemi ile birlestirilerek, matematik egitiminde kullanilan teknolojinin,
akademik basariya genel etkisini ortaya koymak amaglanmistir. Ayni zamanda, arastirmaya yonelik bazi betimsel

veriler paylasilarak, bu alanda son 3 yilda yapilan ¢alismalarin ne yonde oldugu tespit edilmeye ¢alisiimistir. Tim
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bunlarla birlikte, arastirmalarda katilimcilarin egitim diizeyi, 6rneklem buyuklikleri ve uygulamalarin siiresine

gore matematik dersi akademik basarisinin nasil degistigi tespit edilmeye galisiimistir.

Bu amag dogrultusunda, toplam 14 galismadan 1065 6rneklem biylklGgint temsil eden 22 etki blylklGgu
hesaplanmistir. Calismalarin etki buyukligine bakildiginda, en kigik etki buyiikligu 0,307 iken, en biyuk etki
blyukligiinin ise 1,629 oldugu tespit edilmistir. Cohen (1988)’in siniflandirmasina goére, Hedges g degeri 0.5 ‘ten
kiicik ise “kliglk etki”, 0.5 - 0.8 arasinda ise “orta etki”, 0.8’den blyiik ise “bliylk veya genis etki” diye
adlandiriimaktadir. O halde teknolojinin matematik dersi akademik basarisina etkisinin kiigclik diizeyde etkisinin
oldugu calismalarin yani sira genis-blylk dizeyde etkisinin oldugu g¢alismalarin oldugu da soylenebilir. Etki
baykliklerinin yonlerine bakildiginda, 13 ¢alismanin pozitif, yalnizca 1 ¢alismanin negatif oldugu gorilmektedir.
Negatif etki eden calismaya bakildiginda, deney grubunda teknoloji kullanimi ile bir 6grenme ortami
tasarlanmigken, kontrol grubunda fiziksel manipulatiflerle 6grencilerin somut materyallerle sekilleri elde etmeleri
(yaparak- yasayarak 0grenme) lizerine bir 68renme ortami saglanmistir. Bu durumda, benzer 6grenme
ortamlarina yonelik benzer calismalar, teknolojinin yaparak-yasayarak 6grenmenin online gecip gecmeyecegi
konusunda ipuglari verebilir. Meta analize dahil edilen galismalarda, kontrol gruplarindaki 6grenme ortamlarinin
ayrintili bilgisi yeterince verilmedigi icin bu c¢alismada kontrol gruplarindaki 6grenme ortamlarinin etki

blykliklerine etkisine yonelik yeterli bir analiz yapilmamistir.

Teknolojinin matematik dersi akademik basarisina genel etkisine bakildiginda orta diizeyde (EB genel=0,665)
bulunmugstur. Matematik basarisina yonelik yapilan benzer meta analiz galismalarina bakildiginda, diisiik diizeyde
pozitif etkisinin (Cheung ve Slavin, 2013; Tamim vd., 2011; Ran,, Kim, Secada, 2022) oldugu galismalar oldugu
gibi, orta diizeyde pozitif etki bulunan (Higgins vd. (2019) calismalara da rastlanmistir. Bu ¢alismanin 6zellikle
pandeminin ortaya ¢ikmasindan sonraki ¢alismalar kapsadigi géz 6niinde bulunduruldugunda, teknolojinin
varhginin, gegmis yilardaki calismalara kiyasla akademik basariya etkisinin farkhlagsmadigi sdylenebilir. Yalniz
teknolojinin varhginin yalnizca akademik basariya etki etmedigi bilinmektedir. Bu nedenle, matematik dersine
yonelik tutum, motivasyon gibi farkli degiskenlerin de g6z onilinde bulunduruldugu calismalarin yapilmasi

onerilebilir.

Bu arastirmada meta analize dahil olan g¢alismalara bakildiginda, calismalarin yapildigi Glkelerin, dogu Asya, Orta
ve Gliney Amerika ve Asya bolgeleri gibi diinyanin ¢ok farkl ve géz 6ninde bulunmayan dlkelerinde yapildigi
gorilmektedir. Bu durum, 6zellikle kontrol grubunun tamamen teknolojiden bagimsiz bir 6grenme ortami olarak
tasarlanmasindan kaynakli olabilir. Nitekim, artik gelismis lilkelerde 6grenme ortamlarinda mutlaka bir teknolojik
donanimin oldugu bilinmektedir. Ornegin eski tahtalar yerine akilli tahtalarin olmasi, siniflarda projeksiyon gibi
sunum araglarinin yer almasi ornek olarak gosterilebilir. Dolayisiyla 6zellikle pandemi sonrasi teknolojik
donanimin olmadig bir 6grenme ortami bulmak eskiye gére daha zor hale gelmistir. Kullanilan teknolojik
donanim tiirlerine bakildiginda da, bir ¢cok ¢alismada tek bir tir kullanmak yerine, farkh teknolojik donanimlarin
birlikte kullanildigi gériilmektedir. Ornegin, cesitli yazilimlarin ya da mobil uygulamalarin videolarla birlikte

kullanildigi ve tasarlanan deney gruplarinda farkh teknolojik donanimlarin birbirini destekledigi belirlenmistir.
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Dolayisiyla bu ¢alismada, etki buyikluklerinin teknolojik donanim tiuriine gére farklilasip farklilasmadigini
belirlemek mimkin olmamistir. Fakat yapilan benzer meta analiz ¢calismalarina bakildiginda, kullanilan teknoloji
tiirline gore etki biyikliklerinin degistigini bildiren calismalara rastlanmistir. Ornegin Cheung ve Slavin (2013),
1980’li yillardan itibaren yapilan toplam 74 arastirmanin meta analizini elde ettigi calismasinda, teknolojinin
kullanim tiriine gore etki bulylkligunin farkhlastigini bildirmistir. Buna gore 0&grencilerin ihtiyaglar
dogrultusunda ek egitimler saglayan tamamlayici teknoloji tabanli uygulamalarin daha biyik etki buytkligiane
sahip oldugu ortaya ¢ikmistir. Major, Francis ve Tsapali (2021), dusik ve orta gelirli tlkelerde 6grencilerin
kisisellestiren ve 6grenme diizeyine uyum saglayan teknoloji kullaniminin etkisini inceledigi ¢alismasinda, 2007-
2020 yillari arasinda yapilmis toplam 16 g¢alismada teknoloji kullaniminin etkisinin disiik dizeyde (0,18) pozitif
yonli oldugu sonucuna ulagsmistir. Daha fazla kisisellestirilmis uygulamalarin, daha biylk etki blyklGgline

neden oldugunu bildirmistir. Dolayisiyla, uygulanan teknolojinin tiriinin de 6nemli oldugu soéylenebilir.

Moderator degiskenlere bakildiginda, teknoloji tabanli uygulamalarin, uygulanma sirelerine gore etki
baykliakleri arasinda anlamli bir farkhlik tespit edilmemistir. Benzer ¢alismalara bakildiginda da, deney grubuna
uygulanan teknoloji tabanli uygulamalarin siirelerinin, etki buyuklikleri Gzerinde anlamli bir etkisi olmadigi tespit
edilmistir (Demir, 2013; Ginhan ve Agan, 2016). Benzer sekilde Sinif dizeyinin de, etki buytkliklerinin
farkhilagsmasinda anlamli bir etkisi olmadigi tespit edilmistir. Sinif dlizeyinin moderatér olarak alindigi calismalara
bakildiginda da benzer sonuglara ulasiimistir (Camnalbur ve Erdogan, 2008; Giinhan ve Agan, 2016). Cheung ve
Slavin (2013), teknoloji tabanli uygulamalarin sinif diizeyine gére anlamli diizeyde farklilasmadigini bildirse de,
ilkokulda uygulanan galismalarin daha yuksek etki diizeyinde oldugunu bildirmistir. Fakat bu ¢alismada, ilkokulda

uygulanan ¢alismalarin etki bayuakliklerinin, ortaokul ve liseye gore ¢ok daha diisiik oldugu soylenebilir.

Calismalardaki 6rneklem buyiiklugi arttikca, etki blyikluklerinin anlamh bir sekilde arttigi séylenebilir. Zira, 50
ve daha az sayidaki katiimcilarla yapilan galismalarda etki biyiklagi 0,141, 50-100 arasi katihmci ile yapilan
calismalarda 0,431 ve 100 ve Uzeri katihmci ile yapilan ¢alismalarda etki buytklugia 0,639 olarak bulunmustur.
Yapilan galismalarda da, érneklem biyuklGginin etki buyuklikleri Gizerinde anlamli bir sekilde farkhlastigi
gorilmektedir. Fakat kiglk orneklem biylklGgine sahip ¢alismalarin, biyik 6rneklem buyiikligine sahip
calismalara gore daha biyik etki blytikligtine sahip oldugunu bildiren ¢alismalar vardir ( Cheung ve Slavin, 2011;
Liao, 1999). Ayni zamanda, Goksu ve Bolat (2020), Tirkiye’de teknoloji kullaniminin akademik basariya etkisini
inceleyen meta analiz ¢alismalarinda, en yiksek etki biiylikligiine sahip ¢alismanin 61-100 arasi 6rneklem
blyklGgline sahip ¢alismalar oldugunu bildirmistir. Bununla birlikte, farkh teknolojilerin (akilli tahta, GeoGebra,
geometri yazihmlari) kullanildig1 meta analiz ¢alismalarinda, 6rneklem biytkliginin akademik basari Gzerindeki
etkisinin farklilasmadigi calismalara da rastlanmistir (Giindiz ve Kutluca, 2019; Giinhan ve Agan, 2016).

Dolayisiyla, en iyi 6rneklem biylklGgi hakkinda daha fazla galismaya ihtiyag duyuldugu séylenebilir.

ONERILER

Bu galisma, teknoloji iceren tiim uygulamalarin kullanildigi ¢calismalari icermektedir. Buna ragmen bu arastirma

icin belirlenen indekslerdeki c¢alisma sayisinin sinirli oldugu gorilmektedir. Dolayisiyla, teknoloji tabanh
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uygulamalari iceren daha fazla sayida nitelikli calismaya ihtiyag vardir. Teknolojik uygulamalarin hangi kosullarda
daha faydali olacagi, akademik basari disinda hangi degiskenlerde daha etkili oldugu ayrica farkli 6rneklem
gruplarina gore (6rnegin cinsiyet farkliliklari, Gstin zekalilar, 6grenme giglikleri olan gocuklar) nasil etkisinin

oldugu gibi sorular hala 6nemini korumaktadir.

ETiK METNi

Bu ¢alismada derginin etik durumlara iliskin koydugu tim kurallara uyulmustur. Ortaya cikabilecek her tirli etik

ihlal makalenin yazarina aittir. Calisma, etik kurul izni gerektirmemektedir.

Yazar Katki Orani: Bu makalede yazarin katki orani %100°ddir.
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