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Abstract: In this study, it was aimed to analyze the effect of computer-assisted mathematics teaching on learning domains,
sample type and duration of practice by meta-analysis method. In accordance with the purpose of the study, different
databases were used for studies in the country and abroad. 80 master's and doctoral theses were included in the meta-analysis
in line with the inclusion criteria. The overall effect size of the studies which combined by meta-analysis was examined in
regard to the classification of Thalheimer and Cook (2002). Considering the overall effect size (d = 0.576) obtained from the
studies combined with meta-analysis method, it was seen that the effect of computer-assisted instruction on academic
achievement in mathematics course was positive and at a medium level. In this study, it was determined that the area with the
highest effect size in terms of the subject areas on which the applications were made was geometry, and in the classification
made according to the sample type, the sample type with the highest effect size was found to be primary school. It was also
found that in terms of total duration of applications, the highest effect size was between 14-23 hours long. As a result of the
research, benefiting from computer support was recommended our teachers and academicians who currently carrying out
education and training activities.
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Oz: Bu caligmada bilgisayar destekli matematik 6gretiminin matematik derslerindeki 6grenme alanlarina, érneklem tiiriine ve
uygulama siirelerine gore etkisi meta-analiz yontemi ile incelenmesi amaglanmistir. Calismanin amaci dogrultusunda yurt
igcindeki ve yurtdisindaki ¢alismalar igin farkli veri tabanlar1 kullanilmigtir. Yapilan tarama sonucunda 80 adet yiiksek lisans
ve doktora tezi meta-analize dahil edilmistir. Meta-analiz ile bir araya getirilerek birlestirilen g¢aligmalarin genel etki
biiyiikliigi Thalheimer ve Cook’a ait simiflandirmaya gore incelenmistir. Meta-analiz yontemiyle birlestirilen ¢aligmalarin
sonucunda elde edilen genel etki biiyiikligiine (d = 0.576) bakilarak bilgisayar destekli Ggretimin matematik dersindeki
akademik basariya etkisinin olumlu yonde ve orta diizeyde oldugu ortaya ¢ikmistir. Uygulamalarin yapildigi konu alanlarina
gore en yiiksek etki biiyiikliigiine sahip alanin geometri, 6rneklem tiirline gére yapilan siniflandirmada ise en yiiksek etki
biyiikliigline sahip 6meklem tiiriintin ilkokul ve toplam uygulama siiresine gore yapilan simiflandirmada ise en yiiksek etki
biiyiikliigliniin 14-23 saat araliginda oldugu tespit edilmistir. Arastirmanin sonucunda egitim ve Ogretim faaliyetlerini
yiiriitmekte olan 6gretmen ve akademisyenlerimize derslerinde bilgisayar desteginden faydalanmalar1 dnerilmistir.

Anahtar Kelimeler: Bilgisayar destekli matematik 6gretimi, matematik dersi, akademik bagari, meta-analiz

Tiirkge siiriim i¢in tiklaymiz.

1. Introduction

Teaching mathematics can be expressed as a series of activities performed to ensure mathematical learning.
Especially, taking into consideration mathematics teaching at school level, the purpose of mathematics education
is defined as to provide the desired mathematics culture to students and also to improve their mathematical
thinking ability as well as mathematical competence (Baki, 2008). In today's world where knowledge is rapidly
changing and being renewed, it has become necessary to gain knowledge and skills as well as gain the skills of
accessing information, using and producing information, adopting the philosophy of lifelong learning and
providing training for creating, developing and structuring knowledge rather than memorizing (Gengoglu, 2013).
Researchers working in the field of mathematics education have inevitably focused on how to increase the
quality of mathematics education and how to increase success.

Unsophisticated tools such as board, paper and pencil were used in mathematics teaching in the past. As the
developing technology has taken part in the classrooms, these tools have started to be replaced by digital tools.
With the introduction of digital tools in mathematics education, the place of technology in education has
increased day by day (Pierce, & Ball, 2009). The rapid advancement of technology and its use in educational
activities have brought the question "Should computer support be used in order to increase the quality and
success in mathematics education?" In the report published by NCTM (2000), it was stated that technology
affects mathematics teaching, enriches students' learning, therefore technology is necessary for mathematics
learning and teaching. After the report of NCTM, many studies have stated that technology is useful to make
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mathematics teaching more meaningful and to enrich the mathematics learning environment (Cam, Yarar,
Toraman & Erdamar, 2016; Giiven & Karatas, 2009; Hamersa, 2002; Huelskamp, 2009). As a result of similar
studies, the changed (TTKB, 2011) and renewed education programs (TTKB, 2013) emphasize the importance
and necessity of using technology effectively in the education and training environment. Recently, many studies
have been conducted in the context of computer-assisted mathematics teaching (Avci, 2017; Berkova, 2017;
Colakoglu, 2018; Demir, 2013; Disbudak, 2017; Keskin, 2018; McDonough ve Tra 2017; Mulyono, Kusumah
ve Rosjanuardi, 2019; Ng ve Chan 2019).

In the most of the studies, the academic success of the group in which computer-assisted mathematics
teaching was applied was high (Chen, 2014; Kwang, 2000; Ozgiin-Koca, 2001; vd.), while in some studies, the
academic success of the group in which the traditional approach was applied was higher in mathematics (Gravitt,
2010; Rosales, 2005). In addition to this while statistically significant differences were found for the benefit of
the experimental group (Patel, 2010; Pelech, 2015; vd.) in the analysis performed between the experimental and
control groups in the studies, statistical differences were found for the benefit of the control group in some
studies (Rose, 2001; Cubuk, 2004; vd.). As a result, there are many studies in the literature that examine the
academic success of computer-assisted mathematics teaching and the results of these studies cannot provide us
with accurate information. Although many studies state that computer-assisted mathematics teaching increases
academic achievement, a substantial part stated that computer-assisted mathematics teaching has no effect on
academic achievement. Additionally, the increasing number of current studies makes it difficult to examine each
study, too. New studies are needed to interpret this information mass and lead to new studies. Considering this
situation, there is a need for a study to present the "big picture™ that will compile the studies in the literature and
reveal the effect of computer-assisted mathematics teaching on academic achievement.

Some of the compilation of studies examining the effect of computer assisted mathematics teaching on
academic achievement in mathematics course are presented in detail. Celik (2013) examined the studies in the
literature with the meta-analysis method to determine the effect of alternative teaching methods used in
elementary school mathematics lessons on academic achievement. As a result of the literature review, it was
stated that 344 studies conducted between 2005 and 2011 were obtained. Following the inclusion criteria, these
344 studies gave place to 74 studies. One of the moderators of the survey conducted on alternative teaching
methods was chosen as computer-assisted learning. It was seen that 11 out of 74 studies included in the inclusion
criteria dealt with computer-assisted teaching, one of the alternative learning approaches. The effect size of these
studies was calculated as 0.863. In the study, it was stated that this effect size has a high effect according to the
Thalheimer and Cook (2002) classification. As stated before, Celik (2013) conducted her study by addressing
alternative teaching methods in general, not specifically computer-aided mathematics teaching. Sosa, Berger,
Saw, and Mary (2011) combined the studies on computer-assisted teaching in the field of statistics with meta-
analysis method. They stated the rationale of the study by showing that the previous meta-analysis studies
analyzed the effect of computer-aided mathematics teaching on general achievement but did not particularly
focus the field. Sosa et al. (2011) brought 45 experimental studies together conducted specifically on statistical
issues of computer-assisted mathematics teaching. The studies obtained after the literature review were discussed
in terms of various moderators. These moderators can be listed as; education levels of the participants
(undergraduate and graduate), type of publication, preliminary checks, etc. Unlike other studies, Sosa et al.
(2011) grouped the moderators in their own meta-analysis study to be answered yes or no. In other words, they
examined the moderators dividing them in two groups. Resulted from the study, it was found that the overall
effect size of computer assisted teaching is 0.33 on statistic issues. Being one of the moderators of the study,
academic level was examined as undergraduate and graduate. As the general effect size of the group consisting
of undergraduate students was calculated to be 0.25, the overall effect size of the studies that graduate students
included as the sample was calculated as 0.68. As stated before, Sosa et al. (2011) specifically evaluated studies
in the field of statistics and did not focus on all mathematical topics. Lein (2016) investigated the effect of
computer-assisted instruction on the verbal problem-solving success of students with learning difficulties by
using meta-analysis method. For this purpose, he was dealt with 28 studies by combining them with meta-
analysis method. These studies were considered as different studies, depending on their form of data presentation
and 28 studies were examined as 31 studies in total. As a result of these 31 studies combined, the overall effect
size was calculated as 1.03. This general effect size is high according to Thalheimer and Cook (2002)
classification. At the same time, one of the moderators considered within the scope of the study was determined
as the education level of the students. The grouping process was determined as classes from 1 to 7 are primary
education, and classes from 7 to 12 are secondary education. When the general effect sizes in terms of students’
levels are examined, it was seen that the general effect size of the studies grouped as primary education is 1.12
and this classification was at a very high level according to the Thalheimer and Cook (2002) classification.
However, the overall effect size of the studies grouped as secondary education was determined as 0.61.
According to the classification of Thalheimer and Cook (2002), it was stated to be medium level. As another
moderator, verbal problems were grouped according to their content. The problems were examined under three
following headings. These headings are; addition and subtraction in which four operations were used and

32



The Effect of Computer-Assisted Mathematics Teaching on Academic Achievement in Mathematics Course: A Meta-Analysis Study

fraction in which ratio and algebraic problems are used. When looking at the overall effect sizes according to the
content moderator, it is seen that the highest effect is in the problems that four operations are used. Sungur
(2015) investigated the effect of computer-assisted instruction on primary school students' academic
achievement using meta-analysis method. The researcher, as a moderator, took into account the teaching
methods, the years when the study was conducted, the type of school, applied courses and thesis types. It was
conducted with 60 studies which comply with the inclusion criteria (computer-aided education applied to only
primary school students) after the literature review. As a result of the study, the overall effect size was calculated
as 1.162. This effect size was determined to be very high according to Thalheimer and Cook (2002)
classification. One of the moderators of the study was determined as the course field in which the study was
conducted. There were 4 courses in this moderator: science and technology, visual arts, mathematics, and social
studies. When we look at the general effect of mathematics lesson specifically, it was seen that it is 1,041.
According to the Thalheimer and Cook (2002) classification obtained within the scope of the study, it is stated
that it is at a high level. As stated before, Sungur (2015) limited his sample to primary school students in his
study.

Considering the review studies, it was seen that the studies that were brought together were not taken into the
literature in which they were dealt with separately in the country and abroad. Domestic compilation studies bring
together computer-aided mathematics teaching studies applied domestically, compilation studies abroad bring
together studies investigating the effect of computer-aided mathematics education applied abroad and the overall
effect is calculated separately. In the compilation studies, applied course was determined as one of the
moderators. However, these courses are divided into two: mathematics and geometry. Considering the point
where mathematics has reached today, it will be insufficient to divide the applied courses into geometry and
mathematics, especially mathematics can be divided into many different fields (such as algebra, statistics).

Considering all these situations, determining whether "Computer Assisted Mathematics Teaching" as an
alternative teaching approach has an effect on the academic achievement of mathematics course and if there is an
effect, what direction of this effect proves the main purpose of the study. For this purpose, the main question of
the research was determined as "What is the effect of computer-assisted mathematics teaching on academic
achievement in mathematics?". "Does the effect of computer-assisted mathematics teaching on academic
achievement differ depending on application subjects?" and "Does the effect of computer assisted mathematics
education on academic achievement differ by sample type?" were determined as sub-problems of the main
question.

2. Method

Within the scope of this research, it is aimed to determine the effect of computer-assisted mathematics
teaching on the academic achievement of mathematics course by using the studies in the literature. For this
purpose, meta-analysis method was preferred. As a method, meta-analysis is the classification of similar studies
on a particular subject, theme or field under certain criteria and interpretation on the effect of quantitative
findings. (Dinger, 2014; Kis, 2013; Karasoy & Ata, 2008).

2.1. Collection of Data

Master's and doctoral dissertations examining the effect of computer-assisted mathematics teaching on the
academic achievement of mathematics course constitute the main data source for this research. As a result of the
literature review, many doctoral and master's theses, as well as articles and papers were reached. After the
studies were examined in detail, it was seen that the reports did not contain sufficient information for meta-
analysis. While some of the papers did not include the appropriate data for meta-analysis, others were excluded
from the study because they did not include the moderators of the meta-analysis. As a result of the examination
of the articles, it was seen that most of them were products of a completed doctoral or master thesis. For these
reasons, papers and articles were excluded out the scope of the meta-analysis study.

In the scope of the study, keywords such as "computer assisted mathematics teaching", "academic
achievement", "performance", "computer-aided design", "computer supported learning" "computer-enhanced",
"achievement", "performance” were used. Related to keywords, searches were carried out by making different
combinations in databases.

The resources used within the scope of the study were reached through four databases. All theses published
in Turkish have been accessed by the National Thesis Center. "Dissertations & Theses Global - ProQuest",
"British Library e-theses online service" and "Theses Canada Portal” databases were used for foreign literature.
While scanning, "permitted” theses were chosen. The summary parts of the unpermitted theses could be
accessed, but these theses are excluded from the study due to the fact that the summary part does not contain
sufficient data for meta-analysis.
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2.2. Inclusion Criteria

The following criteria were taken into account in determining dissertations included in the study.

Criterion 1 (Time Range): The publication year of the studies included in the meta-analysis was determined
between 2000 and 2015. The use of technology was recommended in the report of NCTM (2000). For this
reason, studies after the year of 2000 have been included in the research.

Criterion 2 (Permission Status): Full text and permitted studies were included in the meta-analysis.

Criterion 3 (Research Method): In the studies included in meta-analysis, it was paid attention to use
guantitative methods as research methods.

Criterion 4 (Including Sufficient Numeric Data): Among the data presented in the theses, studies containing

values such as sample number, arithmetic mean, standard deviation, t-value, p-value were taken into
consideration.

Criterion 5 (Language): Among the studies examined in the literature review, those written in Turkish or
English were included in the meta-analysis.

Criterion 6 (Computer-Assisted Mathematics Teaching): Among the studies obtained resulting from the
literature review, studies in which the participants interact with the computer were preferred.

2.3. Data Coding

All the studies obtained within the scope of the study were coded using the year, author's name and surname
format. For example, the file of Elizabth Rodriguez's work conducted in 2000 was coded as "2000, Elizabeth
Rodriguez”.

To ensure the reliability of the meta-analysis study, the coding which made by the researcher (coder - 1) and
the coding which made by a researcher (coder - 2) at the department of mathematics teaching were compared. In
some sources (Vierra & Garrent, 2005; Card, 2012; Ural, 2014), it is said that the chance factor may be effective
if the options are low in this harmony rate determined by using the frequency data between coders. In order to
prevent this situation, Cohen's Kappa statistics can be used. Cohen's Kappa test results are given in the table
below.

Table 1. Kappa test results of agreement between coders
Value Asymp. Std. Error®  Approx. T Approx. Sig.

Measure of Agreement Kappa .881 .082 5.212 .000

N of Valid Cases 35
a. Not assuming the null hypothesis; b. Using the asymptotic standard error assuming the null hypothesis

When Table 1 was examined, the reliability coefficient between encoders was found to be 0.881. When this
value is evaluated according to the study of Viera and Garrett (2005), it is concluded that it is almost perfect.

The studies included in the meta-analysis were examined according to the application subjects they dealt with
and according to the sample type in the studies. Considering the subjects of the studies, it is seen that they differ
from each other. Topics like geometric objects, sets, prisms, literal expressions, angles and triangles, derivative,
functions etc. were encountered, and many categories emerged. It is thought that it would be more appropriate to
gather the topics discussed in the studies under common headings. The studies were grouped under seven titles:
Analysis, Algebra, Geometry, Statistics, Karma, Problems, Numbers and Operations, and the topics dealt with
under the titles are presented in the table below.

Table 2. Topics in which the studies were applied

Topic title Topics
Analysis Trigonometry, Derivative, Integral, Limit and Continuity
Algebra Sets, Linear Equations, Letter Expressions, Quadratic Equations, Functions, Linear

Equations and Graphs, Ratio - Proportion, Relation, Function and Operation,
Exponential and Logarithmic Functions

Geometry Angles and Triangles, Transformation Geometry, Geometric Solids, Polygons and
Quadrilaterals, Circle and Circumference, Lines, Vectors in Space, Line Equations in
Space, Plane Equations in Space

Statistics Statistics, Permutation and Combination, Probability

Mixed Studies dealing with more than one subject

Problems Problems, Verbal Problems

Numbers and Numbers, Root Numbers, Complex Numbers, Four Operations of Natural Numbers,
Operations Fractions, Percentage Calculations
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The education levels of the students in the sample are different from one another. Looking at the educational
levels, it is seen that these levels extend from the fourth grade of primary education to the third-year students of
the university. The classifications for education levels within the scope of the study are given in the table below.

Table 3. Educational level of the samples in the studies

Education Level Grade Level

Primary education Primary - 4

Middle School Middle School - 1, Middle School - 2, Middle School - 3, Middle School - 4
High school High School - 1, High School - 2, High School - 3, High School - 4
University License - 1, License - 2, License - 3

2.4. Data Analysis and Interpretation

There are various effect sizes that can be used in a meta-analysis study. In the analysis of the data obtained
within the scope of this research, standardized mean difference (Hedges's g) was used. One of the most
frequently used classifications in the literature for effect size values based on arithmetic means belongs to Cohen
(1988). A more detailed classification was needed because this classification divides effect sizes into 3
classifications and the classification of Thalheimer and Cook (2002) emerged. The classification made by
Thalheimer and Cook (2002) was more detailed and many studies in the literature (Winter, 2013; Demir, 2013;
Liao, 2007) used this classification. So, these were effective to use this classification. This classification is given
in the table below.

Table 4. Thalheimer and Cook (2002) effect size classification

d value Classification
0.00<d<0.15 Trivial level
0.15<d<0.40 Low level
0.40<d<0.75 Medium-level
0.75<d<1.10 High level
1.10<d<1.45 Very high level

145<d Perfect level

While evaluating, the classification of the calculated effect size is determined in terms of its absolute value
and the interpretation is made according to the sign of the effect size. For instance, it can be said that a study
with an effect size of -0.48 has a medium effect in favor of the control group. Similarly, it can be said that there
is a medium effect in favor of the experimental group for a study with an effect size of 0.64.

2.5. Publication Bias

In the meta-analysis process, before examining the effect sizes of individual studies, publication bias test is
performed. The funnel shaped scatter plot that helps to decide the publication bias is given in Figure 1.

When the funnel shaped scatter plot is examined, it is seen that there are studies outside the boundaries and
the symmetry of these studies according to the effect size does not coincide with the studies on the left of the
effect size. In this situation, it can be thought that there is publication bias in the study. This situation is
explained more clearly with the Classic fail-safe N statistics. Classic fail-safe is calculated as N 1737. In other
words, 1737 more studies are needed to reach almost zero effect at 0.05 significance level. The number of
individual studies handled within the scope of the study is 109 and it is unlikely to reach 1737 more studies apart
from these studies. This situation can be considered as an indication that there is no publication bias in the
conducted study.

35



A. Baki, K. Giirsoy

0,0
»)
o
0,1 0 o
o
%o
e} © o
02 B0
00
= X B o
5 o o B &
S 03 P @r o 0.0
w o @ O O ()
= ° e /o o o o
< ) (@]
2 Ce 08’ oo 5 B0 o 00
8 ) o o
B 04 & e
o
0,5 o
0
0,6 5
¢
4 3 2 1 0 1 2 3 4
Hedges's g

Figure 1. Funnel scatter plot for arc bias
3. Findings

3.1. Meta-Analysis Findings of Studies Examining the Effect of Computer Assisted Mathematics Teaching
on Academic Achievement in Mathematics Course

The question of the research was expressed as "What is the effect of computer-assisted mathematics teaching
on the academic achievement in mathematics course?" In order to answer this question, the effect sizes of the
individual studies included in the research were calculated and given in Annex 1. When the effect sizes are
examined, it is seen that the study with the code of 2011, Selguk Firat, was determined as the study with the
highest effect (EB = 3.731). However, the study with the lowest effect (EB = 0.000) was determined as the study
with the code of Ben Fields Johnson_2 in 2010.

The distribution of the studies included in the meta-analysis according to their effect sizes is shown in the
table below.

Table 5. Distribution of studies by effect size direction

Direction of Effect Size f %
Positive 89 81.65
Negative 19 17.43
Zero 1 0.92
Total 109 100.00

When Table 5 is examined, it was determined that the effect size was positive (in favor of the experimental
group) in 89 (81.65%) studies, while it was negative (in favor of the control group) in 19 (17.43%) studies.
However, the effect size of 1 (0.92%) study was 0. The distribution of effect size classifications according to the
Thalheimer and Cook (2002) classification of the studies is given in the table below.

Table 6. Frequency distribution for Thalheimer and Cook (2002) classification

Level of Effect Size f %
Insignificant 11 10.09
Low 26 23.86
Middle 33 30.28
High 18 16.51
Very High 10 9.17
Excellent 11 10.09
Total 109 100.00
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When Table 6 is examined, according to the Thalheimer and Cook (2002) classification, it was seen that the
effect size of 11 (10.09%) individual studies is at insignificant level, 26 (23.86%) individual studies are low, and
33 (30.28%) individual studies have moderate effects. However, it was determined that 18 (16.51%) individual
studies had a high level, 10 (9.17%) individual studies were very high and 11 (10.09%) individual studies had an
excellent effect size.

The overall effect that is found as a result of the meta-analysis study is calculated according to the fixed
effect model in the literature or according to the random effect model. To decide which of these approaches to
use, the heterogeneity test was applied, and the results of the heterogeneity test are given in the table below.

Table 7. Analysis of heterogeneity test

Q-Value df(Q) p I-Squared

772.450 108 0.000 86.019

When Table 7 is examined, it is seen that the p value is "0.000" and it is less than 0.05. As a result of this, it
has been determined that individual studies are heterogeneous. In addition, the test of whether the individual
studies are heterogeneous should be checked on the chi-square table. The “Q-Value” under the title of
heterogeneity values was calculated as 772,450 and the critical value for df (Q) = 108 was found as 133,257
from the Chi-square table. It is seen that the Q value is greater than the critical value. In this case, it means that
the studies are heterogeneous. As a result of these calculations, it was determined that individual studies were
heterogeneous.

After the 109 studies included in the meta-analysis were determined to be heterogeneous, the overall effect
size was calculated according to the random effect model and the results are presented in the table below.

Table 8. Effect sizes of fixed and random models

Model Type N General ES SE Variance Lower Limit Upper Limit z p
Fixed 109 0.361 0.022 0.000 0.318 0.404 16.540 0.000
Random 109 0.576 0.061 0.004 0.455 0.696 9.366 0.000

When Table 8 is examined, it is seen that the effect size of the studies is 0.576. The effect size that was
calculated according to Thalheimer and Cook (2002) classification was determined to be medium level. A p
value less than 0.05 significance value indicates that there is a significant difference between the groups. In other
words, there is a statistically significant difference between the education provided with the traditional teaching
model and the computer-aided education. According to this finding, the overall effect size (EB = 0.576) obtained
from the studies combined with meta-analysis method, it was determined that the effect of computer-aided
instruction on academic achievement in mathematics was positive and at a medium level.

3.2. Meta-Analysis Findings Concerning the Effect of Computer Assisted Mathematics Teaching on
Academic Achievement in Mathematics Course According to Application Subjects

One of the sub-problems of the study was defined as "Does the effect of computer-assisted mathematics
teaching on academic achievement differ according to application subjects?" The heterogeneity test was applied
to determine whether the general effect will be calculated according to the random effect model or according to
the fixed effect model has been carried out and the results are given in the table below.

Table 9. Heterogeneity test results according to application subjects

Application Subject Q-Value df(Q) p I-Squared Critical Value Effect Model
Analysis 28.483 6 0.000 78.935 12.592 Random
Algebra 275.002 26 0.000 90.546 38.885 Random

Geometry 162.901 32 0.000 80.356 46.194 Random
Statistics 127.356 7 0.000 94.504 14.067 Random
Mixed 17.713 8 0.023 54.836 15.507 Random
Problems 7.426 5 0.191 32.672 11.070 Fixed
Numbers-Operations 49.545 18 0.000 63.669 28.869 Random

When Table 9 is examined, it is seen that the p value is calculated as "0.000" as a result of the heterogeneity
test of the studies dealing with Analysis, Algebra, Geometry, Statistics, Numbers-Operations. As a result of this
calculated value being less than 0.05, it was determined that the individual studies dealing with the relevant
subjects are heterogeneous. In addition to this situation, p value was calculated as "0.023" in the mixed group
that studies were conducted on more than one subject. The fact that this calculated value is less than 0.05
indicates that the studies in the relevant group are heterogeneous. Contrary to these cases, the p value of the
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studies dealing with the problems was calculated as “0.191”. Since this calculated value is greater than 0.05, it
has been determined that the studies in this group are homogeneous. Additionally, the heterogeneity test results
made according to the application subjects also prove the critical values determined by chi-square.

Table 10. Effect size according to the subjects in which the applications were made

Topics N  GeneralES SE Variance Lower Limit Upper Limit Z-Value p-Value
Analysis 7 0.584 0.250  0.063 0.093 1.075 2.332 0.020
Algebra 27 0.539 0.155 0.024 0.235 0.843 3.478 0.001
Geometry 33 0.858 0.114  0.013 0.635 1.082 7.533 0.000
Statistics 8 0.820 0.474  0.225 -0.110 1.750 1.729 0.084

Mixed 9 0.415 0.081  0.007 0.257 0.573 5.140 0.000
Problems 6 0.298 0.103  0.011 0.097 0.499 2.902 0.004

Numbers-Operations 19 0.248 0.092  0.008 0.069 0.428 2.709 0.007

When Table 10 is examined, it is seen that seven studies were conducted on the analysis subjects and the
effect size was calculated as 0.584. According to Thalheimer and Cook (2002) classification, this effect size has
been determined as moderate considering the academic achievement of computer-assisted mathematics teaching.
The effect size of 27 studies dealing with algebra was calculated as 0.539. This effect size has been found to
have a moderate effect according to Thalheimer and Cook (2002) classification. The overall effect size of this
group, which consists of 33 studies conducted on geometry, was calculated as 0.858. According to Thalheimer
and Cook (2002) classification, this effect size was determined to have a high effect on academic achievement of
computer assisted mathematics teaching. 8 studies dealing with statistics were grouped and the overall effect size
of this group was calculated as 0.820. According to Thalheimer and Cook (2002) classification, this effect size
may indicate that computer assisted mathematics teaching has a high effect on academic achievement. The effect
size of nine studies that dealt with more than one subject in mathematics was calculated as 0.415 and it was
found that computer-assisted mathematics teaching had a moderate effect on academic achievement according to
Thalheimer and Cook (2002) classification. The effect size of 6 studies dealing with the problems was calculated
as 0.298. According to the Thalheimer and Cook (2002) classification, this effect size has a low impact level on
the academic achievement of computer-assisted mathematics teaching. The overall effect size of this group,
which consists of 19 studies conducted about Numbers and Operations, was calculated as 0.248. According to
Thalheimer and Cook (2002) classification, this effect size was found to have a low effect on the academic
achievement of computer-assisted mathematics teaching.

Studies on computer-assisted mathematics teaching were classified according to application subjects and the
data about whether the effect size between the groups made a statistically significant difference or not is
presented in the table below.

Table 11. Statistical difference between groups

Q-Value Degrees of Freedom p

20.554 6 0.002

When Table 11 is examined, it is seen that the p-value is less than 0.05, which is determined as the
significance level. However, it was determined that the Q-value (20,554) is greater than the critical value
(12,592) when the degree of freedom 6 is 0.05. Based on these situations, it was determined that there is a
statistically significant difference between the groups formed when the studies in computer assisted mathematics
teaching are classified according to the application subjects and the effect sizes between the groups are
examined. Considering the effect sizes presented in Table 10, it was determined that the difference between the
groups was in the direction of these topics, since the studies on "Geometry" and "Statistics" had a high level of
impact.

3.3. Meta-Analysis Findings Regarding the Effect of Computer-Assisted Mathematics Instruction on
Academic Achievement in Mathematics Course According to the Education Level of the Sample

Another sub-problem of the study is "Does the effect of computer-assisted mathematics teaching on
academic achievement differ according to the sample type?". The heterogeneity test applied to determine
whether the general effect will be calculated according to the random effect model or the fixed effect model has
been performed and the results are given in the table below.
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Table 12. Heterogeneity test results according to education levels

Education Level Q-Value df(Q) p I-Squared Critical Value Effect Model

Primary school 1.043 2 0.594 0.000 5.991 Fixed
High school 282.864 29 0.000 89.748 42.557 Random

Middle School 328.457 60 0.000 81.733 79.082 Random
University 67.833 13 0.000 80.835 22.362 Random

When Table 12 is examined, it is seen that the p value is calculated as "0.000" because the heterogeneity test
of the individual studies in which high school, middle school and university students are chosen as the sample.
As a result of this calculated value being less than 0.05, it was determined that individual studies conducted with
students at the relevant education level were heterogeneous. Contrary to these situations, the p value of
individual studies conducted with primary school students was calculated as “0.594”. Since this calculated value
is greater than 0.05, it can be stated that the studies in this group are homogeneous. In addition, the heterogeneity
test results made according to the application subjects also support the critical values determined for chi-square.

Table 13. Effect size of the sample according to education level

Education Level N  General ES SE Variance Lower Limit Upper Limit Z-Value  p-Value

Primary school 3 0.765 0.160 0.025 0.452 1.078 4.794 0.000
High school 30 0.498 0.134 0.018 0.236 0.760 3.723 0.000
Middle School 61 0.708 0.075 0.006 0.561 0.855 9.437 0.000
University 14 0.192 0.150 0.023 -0.102 0.487 1.280 0.201

When Table 13 is examined, it is seen that three studies were conducted with primary school students and the
effect size was calculated as 0.765. According to Thalheimer and Cook (2002) classification, this effect size was
found to have a high effect on the academic achievement of computer-assisted mathematics teaching. The effect
size of 30 studies conducted with high school students was calculated as 0.498. This effect size has been
determined to have a moderate effect according to Thalheimer and Cook (2002) classification. The overall effect
size of this group, which consists of 61 studies conducted with secondary school students, was calculated as
0.708. According to Thalheimer and Cook (2002) classification, this effect size has been determined to affect the
academic achievement of computer-assisted mathematics teaching moderately. The overall effect size of the
group consisting of 14 studies conducted with university students was calculated as 0.192. According to
Thalheimer and Cook (2002) classification, this effect size may indicate that computer assisted mathematics
teaching affects academic achievement at a low level.

Studies on computer assisted mathematics teaching were classified according to the education level of the
sample, and the data regarding whether the effect size between the groups created a statistically significant
difference is presented in the table below.

Table 14. Statistical difference between groups

Q-Value Degree of freedom p

11.070 3 0.011

When Table 14 is examined, it is seen that the p-value is less than 0.05, which is determined as the
significance level. However, the chi-square value (11,070) was determined to be greater than the critical value
(7,815) when the degree of freedom 3 significance level was 0,05. Based on these situations, it was determined
that there was a statistically significant difference between the groups formed when the studies in which
computer assisted mathematics teaching were classified according to the education level of the sample and the
effect sizes between the groups were examined. When Table 13 is examined, it is found that the effect size of
studies conducted with primary school students is high, and that the effect size of studies conducted with middle
school students is close to a high level, and that the difference between the groups is in favor of the studies of
primary and secondary school students.

4. Discussion, Conclusion and Suggestions

The aim of the study is to bring together studies that examine the effect of computer-assisted mathematics
teaching on academic achievement in mathematics lesson, and to find out the effect of computer-aided
mathematics teaching on academic achievement in mathematics lesson. For this purpose, the literature was
scanned and the studies complying with the inclusion criteria were examined by combining them with meta-
analysis method. In the meta-analysis findings, if the effect size is in a medium or higher group according to
Thalheimer and Cook (2002) classification, the p-value of the study is expected to be less than 0.05 significance
level, while the p-value of the study is 0.05 if the effect value is low or insignificant. It is expected to be greater
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than the significance level. When the table in Appendix 1 is examined, although the p values of some studies
(2014, Ming Chen_2; 2007, Mithat Takinyaci, 2000, Mei Chen_1, 2015, Shalette Ashman-East; 2008, Hiiseyin
Cumhur Egelioglu) were higher than 0.05 significance level, it was seen that the effect size was moderate
according to the classification of Thalheimer and Cook (2002). Conversely, while the p value of some studies
(2011, Brian B. Abel; 2015, Amy Dawn Fanusi; 2005, Tina Renee Cannon) was less than 0.05 significance
level, the effect size was low and insignificant according to the Thalheimer and Cook (2002) classification.
When the literature is examined, it is seen that there may be several reasons for the p value to be insignificant.
However, it was stated that it could be caused by the sample size and the effect size. Considering this situation, if
the p value is higher than 0.05 significance level, the sample sizes of the studies whose effect values are
moderate according to the Thalheimer and Cook (2002) classification were examined and it was stated that the
study with the highest sample was conducted with 15 students. On the contrary, the p value is less than 0.05
significance level and the effect size is medium in Thalheimer and Cook (2002) classification (2011, Brian B.
Abel; 2015, Amy Dawn Fanusi; 2005, Tina Renee Cannon), the sample size is the least It was observed that the
study had 113 experimental group students. Considering this situation, it can be said that the inconsistency
between p values and effect size classification is due to the sample size as expressed in Cozby and Bates' (2012)
study.

When the meta-analysis findings are examined, it is seen that the effect levels of the studies coded as 2011,
Selcuk Firat, 2010, Sinem Budak, 2000, Mei Chen_2 and 2011, Emine Tayan are at the top of some studies that
are excellent according to Thalheimer and Cook (2002) classification (see Appendix 1). When these studies are
examined, it is seen that 2011, Selguk Firat coded study and 2000, Mei Chen_2 coded studies make use of game
and embedded teaching approaches, respectively, in addition to computer aided mathematics teaching. As a
result of the studies, the researchers stated that the difference between the experimental and control groups was
not only due to computer support and that different approaches used with computers were also effective.
However, the effect size was high according to Thalheimer and Cook (2002) classification, the difference
between achievements was in favor of the control group that coded as 2004, Dougles Edwin Bump associated
the unsuccess of computer-assisted teaching group with some technical problems (slow servers, internet
problems, etc.).

Celik (2013) examined the effect of alternative teaching methods on academic achievement by using meta-
analysis method. Computer-assisted learning was discussed in one of the examinations made according to the
types of alternative teaching methods. The overall effect size of 11 studies dealing with computer-assisted
learning was calculated as 0.863. This general effect has been determined to be high according to Thalheimer
and Cook (2002) classification. By meta-analysis, Demir (2013) combined the studies examining the impact of
computer-aided teaching mathematics achievement in mathematics applied in Turkey. In the study that brought
together 40 studies, the effect of computer-assisted mathematics teaching on mathematics achievement was
presented as 0.899. This effect size was determined as high level according to Thalheimer and Cook (2002)
classification. When the studies in the literature are examined, it is seen that the findings are similar.

The studies, which were brought together and evaluated within the scope of the work carried out, were
examined by grouping them according to the subjects on which the applications were made. When the meta-
analysis findings are examined, it is revealed that the effect sizes of the studies applied on statistics and geometry
are high according to the Thalheimer and Cook (2002) classification. On the other hand, it was found that
computer assisted mathematics teaching had a moderate effect in mixed groups dealing with algebra, analysis
and general subjects. It was determined that the effect of computer-assisted mathematics teaching was low in the
problems, numbers-operations group (see Table 10). In addition to that, it was determined that the studies
significantly differed from one another according to the application subjects (see Table 11).

The remarkable point in the analysis made according to the subjects is that while the overall effect size of the
studies conducted on statistical subjects was high, the p value (0.084), which showed a statistically significant
difference between the groups, exceeded the rejection limit. When the studies on statistical issues are examined
individually, it is seen that there are studies (2012, Turgay Andig; 2010, Nazife Sen_1; 2011, Selguk Firat) with
excellent and high effect sizes, also there are studies (2004, Sule Cubuk; 2010, Nazife Sen_2; 2001, Thomas A.
Haapoja) with medium effect sizes in favor of the control group. In addition to this situation, the fact that the
study with the highest effect size (2011, Selguk Firat) was included in this group was evaluated as another factor.
When all these situations are brought together, the high effect size of the studies dealing with statistics issues can
be considered as the reason why the p value is very close to the limit.

Considering the overall effect size of the studies dealing with geometry, it is seen that the academic
achievement in the mathematics course is highly influenced. However, because of combining the conducted
studies, a statistically significant difference was found between the success scores of the participants in the
experimental and control groups. In studies dealing with geometry issues, it is thought to be effective that the
software used in increasing the academic achievement of computer-assisted mathematics teaching in the
mathematics course has a dynamic structure and the ability to perform dragging action. Akgiil (2014) explained
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the increase in students' achievement in a way that the software used in her study, when used in teaching abstract
geometry subjects, improves the imagination power of students and enables them to be understood better. In
addition to this, she pointed out the dynamic nature of geometric shapes by emphasizing the ability to move and
rotate the created shape in the desired direction. In addition, Giirbiiz (2008) stated that in the traditional learning
environment, students do not have the chances to predict, reason, experiment, see the results of the experiment,
and draw formulas, whereas in the computer-aided environment, these opportunities are offered to students to a
large extent. In cases where students have difficulties in learning abstract concepts, it is stated as a result that
abstract concepts can be concretized by visualizing and made easier to understand through computer-aided
education (Cift¢i 2006; Ersoy, 2003). When all these situations are taken into consideration together, they can be
defined as explanations of the high effect size. Sosa, Berger, Saw, and Mary (2011) investigated the success of
computer-aided mathematics teaching specifically on statistical issues using meta-analysis method. However,
they have calculated overall effect by using different moderators. Sosa et al. (2011) calculated the overall effect
of 45 studies they examined as 0.33. One of the moderators of the study examined undergraduate and graduate as
academic level. While the overall effect size of the group consisting of undergraduate students was found to be
0.25, the overall effect size of the studies that graduate students made up the sample was calculated as 0.68. In
another study, Hsu (2003) investigated the effect of computer-aided instruction in statistics education with meta-
analysis. As a result of the study, the effect size of combined 25 individual studies combined was calculated as
0.43 and it was stated that this calculated value was moderate according to the Thalheimer and Cook (2002)
classification. In the meta-analysis study which conducted, the effect size of the studies dealing with statistics
was calculated as 0.820, and this calculated value was stated to have a high level of impact according to the
Thalheimer and Cook (2002) classification. While the effect levels of the studies conducted by Hsu (2003) and
Sosa et al. (2011) were medium, this effect was found at a high level in the meta-analysis. While investigating
the reason for the emergence of such a difference, the effect sizes of the studies included in the meta-analysis
were examined and as a consequence of the examination, it was seen that all of the studies with high effect size
in the field of statistics were domestic studies. Therefore, the findings of the Hsu (2003) and Sosa et al. (2011)
study and the findings of the meta-analysis study differed from each other.

The studies, which were brought together and evaluated within the scope of the study, were examined by
grouping them according to the sample type in which the applications were carried out. When the meta-analysis
findings were examined, it was found that the effect sizes of the studies in which primary school students made
up the sample were found to be at a high level according to the Thalheimer and Cook (2002) classification. On
the other hand, the effect sizes of the studies in which middle school and high school students formed the
samples were found to be medium according to the classification of Thalheimer and Cook (2002). The effect size
of the studies, the sample of which was formed by preservice teachers, was found to be low according to
Thalheimer and Cook (2002) classification. Moreover, it was found that the effect of computer-assisted
instruction constituted within the scope of the study on academic achievement in mathematics lesson statistically
differs according to the sample type.

Different studies in the literature have also been benefited to examine the academic achievements of
computer-assisted mathematics teaching. In these studies, some studies were grouped according to the sampling
in sub-dimensions and the overall effect size was calculated (Demir, 2013; Lein, 2016; Sungur, 2015). In one of
these studies, Sungur (2015) combined the studies, the sample of which was formed with elementary school
students with the meta-analysis method and proved the general effect. After the overall effect was calculated,
individual studies were grouped according to application subjects and the overall effect size for each group was
calculated. In the study of Sungur, the overall effect size of 22 studies, the sample of which was composed of
primary school students, was 1.041. It has been stated that this effect size is high according to Thalheimer and
Cook (2002) classification. In another study, Demir (2013) examined the effect of computer-assisted
mathematics teaching on academic achievement with meta-analysis method and determined one of its sub-
dimensions as the education level of the study samples. The effect size was calculated by combining the studies,
the sample of which was composed of primary school students, and was found to be 0.872. According to the
classification of Thalheimer and Cook (2002), the effect of computer-assisted mathematics teaching on academic
achievement is high. When looking at the findings of the meta-analysis study conducted, the effect size of the
studies, the sample of which was composed of primary school students, was calculated to be 0.765. It was
determined to be at a high level according to the Thalheimer and Cook (2002) classification. Based on this
situation, it can be said that the findings of Demir (2013) and Sungur's (2015) study and the findings of the meta-
analysis studies are mutually supportive.

Demir (2013) examined the studies which he included in the meta-analysis according to sample types. The
effect size of the studies in which secondary school students formed the sample was found to be 0.778 and it was
stated to be at a high level according to the Thalheimer and Cook (2002) classification. Within the scope of the
study, the general effect size of the studies in which the sample of secondary school students was calculated was
calculated as 0.708 and it was stated that it was at a medium level according to the Thalheimer and Cook (2002)
classification. Although the classifications of the studies are different, it can be said that the findings support
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each other since the effect sizes of the studies are very close to one another. In another meta-analysis study in the
literature, Lein (2016) divided the sample into two groups in one of its sub-dimensions and calculated the overall
effect size. While the overall effect size of the studies in which most of the participants were elementary school
students was calculated as 1.12, the overall effect size of the studies in which the majority of the participants
were high school students was calculated as 0.61. According to the classification of Thalheimer and Cook
(2002), the effect size of the studies composed mainly of primary school students was high, while the overall
effect size of the studies in which most of the participants were high school students was medium. According to
the findings of the meta-analysis study carried out, the effect of computer-assisted mathematics teaching on the
academic achievement of middle school students in mathematics lesson was found to be higher than high school
students according to the Thalheimer and Cook (2002) classification. From this point of view, the findings of the
study and the findings of Lein (2016) support each other.

Studies analyzing the effect of computer-assisted mathematics teaching in the literature on academic
achievement in mathematics lessons were combined with meta-analysis method. As a consequence of this
combination, the effect size was determined to be at a medium level according to the Thalheimer and Cook
(2002) classification. Based on the meta-analysis findings, it was concluded that computer-assisted mathematics
teaching positively affected the academic achievement in mathematics course.

It was concluded that computer-assisted mathematics teaching was more effective in geometry and statistics
in practice subjects, one of the moderators of the study. In other words, it has been concluded that computer
assisted mathematics teaching has a greater effect on academic achievement, especially in geometry and
statistics. In addition to this result, it can be stated that the effect of computer-assisted mathematics teaching on
academic achievement changes according to the application subjects.

It was concluded from the education level of the sample, another moderator of the study, the effect of
computer-assisted mathematics teaching on the academic achievement of the mathematics lesson was inversely
proportional to the increasing age of the participants. In other words, as the age of the participants increased, it
was determined that computer-assisted mathematics teaching lost its effect on academic achievement in
mathematics lesson. In addition to this result, it can be stated that the effect of computer assisted mathematics
teaching on academic achievement in mathematics lesson varies according to the education level of the sample.

One of the conclusions reached within the scope of the study is that the effect of computer-assisted
mathematics education on academic achievement in mathematics lesson increases as the level of education
increases. Based on this result, it is recommended that preservice teachers working especially at primary and
secondary school levels give more place to computer-aided education.

One of the inclusion criteria of the study was language. Within the scope of the study, studies written in
Turkish and English languages were included in the meta-analysis. However, theses published in countries such
as Germany, France, the Netherlands, Italy, Spain, Finland and Russia, especially in Far Eastern countries, were
excluded from this study. For this reason, the effect of computer-assisted mathematics teaching on academic
achievement in mathematics can be investigated more comprehensively, especially with a team that can translate
theses published abroad into different languages.
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Bilgisayar Destekli Matematik Ogretiminin Matematik Dersindeki Akademik Basariya
Etkisi: Bir Meta-Analiz Calismasi

1. Giris

Bilginin hizla degistigi ve yenilendigi giiniimiizde bilgi ve becerilerin kazandirilmasi yaninda bilgiye ulagma,
bilgiyi kullanma ve iiretme becerilerinin kazandirilmasi, hayat boyu 6grenme felsefesinin benimsetilmesi ve
ezberlemeye degil bilgiyi olusturmaya, gelistirmeye ve yapilandirmaya yonelik egitim verilmesi gerekliligi
ortaya cikmistir (Gengoglu, 2013). Bilginin hizli bir sekilde degisimi genelde egitim Ogretimi 6zelde ise
matematik egitimini etkilemistir. Matematik egitimi alaninda yapilan ¢alismalar, egitimin kalitesinin artirilmast,
ogretimin kaliciliginin saglanmasi boyutuna yonelmistir.  Matematik 6gretimi matematiksel 6grenmenin
saglanabilmesi i¢cin gergeklestirilen bir dizi etkinlik olarak ifade edilebilir. Ozellikle okul diizeyindeki matematik
Ogretimi gdz Oniine alindifi zaman, matematik Sgretiminin amaci 6grenciye istenilen matematik kiiltiirtini
vermek, arzu edilen matematik becerilerinin yaninda onun matematiksel diisiinme yetenegini de gelistirmek
sekilde ifade edilmistir (Baki, 2008).

Gegmis yillarda matematik 6gretimi kagit-kalem etkinlikleri ile siirdiiriilmekte iken gelisen teknolojinin
smiflarda yerini bulmasiyla birlikte kagit kaleme dayali 6grenme siireci yerini dijital araglarla birakamaya
baglamustir. Dijital araclarin matematik egitiminde kullanilmaya baslanmasi ile teknolojinin egitimdeki yeri her
gecen giin daha fazla yer almistir (Pierce, & Ball, 2009). Teknolojinin hizla ilerlemesi ve egitim faaliyetlerinde
kullanilmasi, “Matematik egitimindeki kaliteyi arttirmak ve basarty1 yiikseltmek amaciyla bilgisayar desteginden
faydalanilmali m1?” sorusunu 6n plana c¢ikarmigtir. National Council of Teachers of Mathematics (2000)
(NCTM)’nin yaymladigi raporda teknoloji, matematik oOgretimini etkiledigi, ogrencilerin Ggrenmelerini
zenginlestirdigi, matematigi 6grenme ve Ogretme icin gerekli oldugu ifade edilmistir. NCTM’in raporundan
sonra pek ¢ok calisma da teknolojinin matematik 6gretimini daha anlamli kilmak, matematik 6grenme ortamini
zenginlestirmek igin kullanislt oldugunu ifade etmistir (Cam, Yarar, Toraman ve Erdamar, 2016; Giiven ve
Karatas, 2009; Hamersa, 2002; Huelskamp, 2009). Benzer ¢aligsmalarin bir sonucu olarak degisen (Talim ve
Terciye Kurulu Bagkanligi (TTKB), 2011) ve yeniienen 6gretim programlar: (TTKB, 2013) egitim ve dgretim
ortaminda teknolojinin etkin bir sekilde kullanilmasinin 6nemini ve gerekliligini vurgulamaktadir. Son dénemde
bilgisayar destekli matematik &gretimi baglaminda bircok calisma yapilmistir (Avei, 2017; Berkova, 2017;
Colakoglu, 2018; Demir, 2013; Disbudak, 2017; Keskin, 2018; McDonough ve Tra 2017; Mulyono, Kusumah
ve Rosjanuardi, 2019; Ng ve Chan 2019). Caligmalarin geneline bakildiginda, bilgisayar destekli matematik
Ogretiminin uygulandig1 grubun matematik dersindeki akademik basar1 puani yiiksek ¢ikmasina (Chen, 2014;
Kwang, 2000; Ozgiin-Koca, 2001; vd.) karsmn, bazi calismalarda geleneksel yaklasimin uygulandigi grubun
matematik dersindeki akademik basaris1 yiiksek ¢iktigi (Gravitt, 2010; Rosales, 2005) goriilmektedir. Bununla
birlikte ¢alismalarda deney ve kontrol grubu olarak belirlenen gruplar arasinda yapilan analizlerde deney grubu
lehine istatistiksel olarak anlamli farkliliklar ¢ikarken (Patel, 2010; Pelech, 2015; vd.), baz1 ¢alismalarda gruplar
arasinda yapilan analizlerde kontrol grubu lehine istatistiksel olarak anlamli farkliliklar (Rose, 2001; Cubuk,
2004; vd.) ¢ikmustir. Sonug olarak literatiirde bilgisayar destekli matematik 6gretiminin akademik basarisini
inceleyen pek ¢ok ¢alisma yer almakta ve bu ¢aligmalarin sonuglari bizlere kesin bir bilgi sunamamaktadir. Pek
¢cok c¢aligma bilgisayar destekli matematik Ogretiminin akademik basariyr arttirdigini ifade etse de
azimsanamayacak kadar bir kisim ise bilgisayar destekli matematik dgretiminin akademik basari {izerinde bir
etkisinin olmadigini ifade etmistir. Bunun yani sira mevcut ¢alismalarin giin gegtikce artmasi her bir ¢aligmanin
incelenmesini de zorlastirmaktadir. Bu bilgi yigmini yorumlamak ve yeni c¢aligmalara yol agmak i¢in yeni
caligmalara ihtiya¢ duyulmaktadir. Bu durum g6z oniinde bulunduruldugunda literatiirde yer alan c¢alismalar
derleyip toparlayarak bilgisayar destekli matematik 6gretiminin akademik basari iizerindeki genel etkisini ortaya
koyacak “biiyiik resmi” gosteren bir ¢caligmaya ihtiya¢ duyulmustur.

Bilgisayar destekli matematik Ggretiminin matematik dersindeki akademik basarisi lizerindeki etkisini
inceleyen derleme arastirmalarindan bazilari detaylica sunulmustur. Celik (2013) calismasinda ilkégretim
matematik derslerinde kullanilan alternatif 6gretim yontemlerinin akademik basariya etkisini tespit etmek amaci
ile literatiirde yer alan galismalar1 meta-analiz yontemiyle incelemistir. Literatiir taramasinin sonucunda 2005 —
2011 yillar1 arasinda uygulanan 344 calismaya ulasildigi belirtilmistir. Dahil etme kriterlerinin ardindan
belirlenen bu 344 g¢alisma yerini 74 c¢alismaya birakmustir. Alternatif dgretim yontemleri {izerinden yapilan
taramanin moderatdrlerinden birisi bilgisayar destekli 6grenme olarak segilmistir. Dahil etme kriterleri igerisinde
yer alan 74 g¢aligmadan 11 tanesi alternatif 6grenme yaklasimlarindan bilgisayar destekli 6gretimi ele aldig
goriilmiistiir. Bu calismalarin etki biiyiikligii 0,863 olarak hesaplanmistir. Calisma igerisinde bu etki
biiytikligiiniin Thailhaimer ve Cook (2002) siniflandirmasina gore yiiksek diizeyde etki ettigi ifade edilmistir.
Daha once de belirtildigi gibi Celik (2013) calismasinda 6zel olarak bilgisayar destekli matematik 6gretimine
degil genel olarak alternatif 6gretim yontemlerini ele alarak ¢aligmasini yiiriitmiistiir. Sosa, Berger, Saw ve Mary
(2011) calismasinda istatistik alaninda bilgisayar destekli 6gretimi ele alan ¢aligmalari meta-analiz yontemi ile
birlestirmiglerdir. Caligmanin gerek¢esini daha Once yapilan meta-analiz c¢alismalarinin bilgisayar destekli
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matematik Ogretiminin genel basar1 tlizerindeki etkisini arastirdigini fakat 6zel olarak alana inilmedigini
gostererek ifade etmislerdir. Sosa ve digerleri (2011) 6zel olarak bilgisayar destekli matematik Ggretiminin
istatistik konulart {izerinde yiiriitilen 45 deneysel calismayi bir araya getirmislerdir. Literatiir taramasi
sonucunda ulagilan ¢aligmalar birgok moderator agisindan ele alinmistir. Bu moderatérler; katilimeilarin 6grenim
seviyeleri (lisans ve lisansiisti), yayin tiirii, 6n hazirlik kontrolleri, vb. seklinde siralanabilir. Diger ¢calismalardan
farkli olarak Sosa ve digerleri (2011) yiiriittiikleri meta-analiz caligmasinda moderatorleri cevabi evet ya da hayir
olacak sekilde gruplandirmiglardir. Bir bagka ifade ile moderatorleri kendi iglerinde iki gruba ayirarak
incelemislerdir. Calisma sonucunda bilgisayar destekli 6gretimin istatistik konular1 {izerindeki genel etkisi 0,33
olarak bulunmustur. Calismanin moderatérlerinden biri olan akademik seviye, lisans (undergraduate) ve
lisansiistii (graduate) seklinde incelemistir. Orneklemini lisans &grencilerinin olusturdugu grubun genel etki
biiyiikligii 0,25 olarak bulunurken, lisansiistii 6grencilerin 6rneklemini olusturdugu calismalarin genel etki
biiytikligii 0,68 olarak hesaplanmistir. Daha 6nce de belirtildigi gibi Sosa ve digerleri (2011) ¢alismasinda 6zel
olarak istatistik alanindaki ¢alismalart degerlendirmis, tiim matematik konularina odaklanmamustir. Lein (2016)
calismasinda 6grenme giicliigii yasayan Ogrencilerin sdzel problemleri ¢6zme basarilarina bilgisayar destekli
Ogretimin etkisini meta-analiz yontemi ile arastirmistir. Bu ama¢ dogrultusunda 28 adet ¢aligmay1 meta-analiz
yontemi ile birlestirerek ele almistir. Bu ¢alismalar verilerini sunus sekline bagli olarak kendi iginde de farkli
calismalar olarak ele alinmis ve 28 adet calisma toplamda 31 adet calisma olarak incelenmistir. Bir araya
getirilen bu 31 ¢alismanin sonucunda genel etki biiyiikliigii 1,03 olarak hesaplanmistir. Bu genel etki biiyiikliigii
Thalheimer ve Cook (2002) siniflandirmasina gore yiiksek diizeydedir. Bununla birlikte ¢alisma kapsaminda ele
alman moderatorlerden biri 6grencilerin dgrenim seviyesi olarak belirlenmistir. Gruplandirma islemi 1°den 7° ye
kadar olan siniflar ilkégretim, 7°den 12’ye kadar olan siniflar ise ortadgretim olacak sekilde belirlenmistir.
Ogrenci seviyelerine gore genel etki biiyiikliiklerine bakildiginda, ilkégretim olarak gruplandirilan galismalarin
genel etki biylikligi 1,12 oldugu bu siniflandirmanin Thalheimer ve Cook (2002) siniflandirmasina gére ¢ok
yiiksek diizeyde oldugu goriilmektedir. Bununla birlikte ortadgretim olarak gruplandirilan ¢alismalarin genel etki
biiyiikligii 0,61 olarak belirlenmistir. Thalheimer ve Cook (2002) siniflandirmasina gore orta diizey oldugu ifade
edilmistir. Bir baska moderator olarak sdzel problemlerin igeriklerine gore gruplandirma yoluna gidilmistir.
Problemler kendi i¢inde toplam ve farkin, dort islemin kullanildigi ve kesir, oran ile cebirsel problemlerin
kullamldig ii¢ baslik altinda incelenmistir. Icerik moderatdriine gore genel etki biiyiikliiklerine bakildiginda en
yiiksek etkinin dort islemin kullanildigi problemlerde oldugu goriilmektedir. Sungur (2015) calismasinda
bilgisayar destekli gretimin ilkogretim Ggrencilerinin akademik basarilarina etkisini meta-analiz yontemi ile
arastirmistir. Bu aragtirma kapsaminda moderator olarak 6gretim yontemlerini, ¢alismanin uygulandig: yillari,
okul tiirlinii, uygulama derslerini ve tez tiirlerini dikkate almistir. Yapilan literatiir taramasinin sonucunda dahil
etme Kkriterlerine uygun olarak (sadece ilkdgretim Ogrencileri ile uygulanan bilgisayar destekli 6gretimi)
belirlenen 60 ¢alisma ile yuritilmistir. Caligmanin sonucunda genel etki biyikligi 1,162 olarak
hesaplanmistir. Bu etki biiylikliigii ise Thalheimer ve Cook (2002) siniflandirmasina gore ¢ok yiiksek olarak
belirlenmistir. Calismanin moderatorlerinden birisi ¢aligmanin yapildigi ders alani olarak belirlenmistir. Bu
moderator icerisinde fen ve teknoloji, gorsel sanatlar, matematik ve sosyal bilgiler olmak f{izere 4 ders yer
almaktadir. Ozel olarak matematik dersinin genel etkisine bakildiginda 1,041 oldugu goriilmektedir. Caligma
kapsaminda elde edilen Thalheimer ve Cook (2002) siniflandirmasina gore yiiksek diizeyde oldugu ifade
edilmistir. Daha 6nceden de belirtildigi gibi, Sungur (2015) calismasinda Srneklemini ilkokul 6grencileri ile
siirlandirmistir.

Yukarida ifade edilen derleme ¢aligmalarina bakildiginda bir araya getirilen ¢aligmalarin yurt i¢i ve yurt dist
olarak ayr1 ayr ele alindig: literatiire bir biitiin olarak alinmadigi goriilmistiir. Yurt i¢inde yapilan derleme
calismalari, yurt iginde uygulanan bilgisayar destekli matematik 6gretimi ¢alismalarini bir araya getirirken, yurt
disindaki derleme calismalar1 yurt diginda uygulanan bilgisayar destekli matematik 6gretiminin etkisini arastiran
calismalar1 bir araya getirerek genel etki hesaplanmistir. Yapilan derleme ¢aligmalarinda moderatérlerden biri
uygulama yapilan ders olarak ele alinmigtir. Bununla birlikte bu dersler matematik ve geometri olarak ikiye
ayrilirmustir. Glinimiizde matematigin geldigi noktaya bakildiginda ise uygulama dersleri sadece geometri ve
matematik olarak boliinmesi yetersiz olacak, 6zellikle matematik kendi i¢inde g¢ok daha farkli alanlara (cebir,
istatistik gibi) boliinebilecektir.

Tim bu durumlar géz Oniine alindiginda, alternatif bir 6gretim yaklasimi olarak “Bilgisayar Destekli
Matematik Ogretimi”nin matematik dersi akademik basarisi iizerindeki etkisinin olup olmadigi, eger bir etki
varsa bu etkinin yoniiniin ne oldugunu belirlemek arastirmanin temel amacini ortaya koymaktadir. Bu amag
dogrultusunda arastirmanin problemi “Bilgisayar destekli matematik &gretiminin matematik dersi akademik
basarisi tizerindeki etkisi nedir?” olarak belirlenmistir. Bu problemin alt problemleri olarak “Bilgisayar destekli
matematik 6gretiminin akademik basari iizerindeki etkisinin uygulama konularina gore farklilagsmakta midir?” ve
“Bilgisayar destekli matematik Ogretiminin akademik basar1 iizerindeki etkisi Orneklem tiirline gore
farklilagmakta midir?” seklinde belirlenmistir.
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2. Yontem

Bu arastirma kapsaminda bilgisayar destekli matematik 6gretiminin matematik dersi akademik basarisi
lizerindeki etkisi literatiirde yer alan g¢aligmalardan faydalanarak belirlenmesi amaglanmistir. Bu amag
dogrultusunda meta-analiz yontemi tercih edilmistir. Meta-analiz; bir konu, tema ya da ¢alisma alani hakkindaki
benzer caligmalarin belirli 6lgiitler altinda gruplanip, bu ¢alismalar ait nicel bulgularin birlestirilerek
yorumlanmasidir (Dinger, 2014; Kis, 2013; Karasoy ve Ata, 2008).

2,1. Verilerin Toplanmasi

Bilgisayar destekli matematik 6gretiminin matematik dersi akademik basarisi lizerindeki etkisini inceleyen
yiiksek lisans ve doktora tezleri bu aragtirmanin temel veri kaynagini olugturmaktadir. Yapilan literatiir taramasi
sonucunda bircok doktora ve yiiksek lisans tezine bunlarin yani sira, makale ve bildirilere ulagilmistir.
Calismalar detayli bir sekilde incelendikten sonra bildirilerin meta-analiz igin yeterli bilgileri (6rneklem
biiytikligii, aritmetik ortalama, standart sapma, p degeri, t degeri vb.) igermedigi ortaya ¢ikmistir. Bildirilerin bir
kismi meta-analiz i¢in uygun verileri tasimiyorken, digerleri de meta-analizin moderatorlerini tagimadigi icin
¢alismanin diginda tutulmustur. Makalelerde yapilan incelemenin sonucunda ise ¢ogunun bitirilmis bir doktora
ya da yiiksek lisans tezinin bir iiriinii oldugu goériilmistir. Bu nedenlerden dolayi, yiiriitilen meta-analiz
calismas1 kapsaminda bildiri ve makaleler disarida tutulmustur.

299, ¢ EERNNT3 EEINNT3

Caligsma kapsaminda “bilgisayar destekli matematik 6gretimi”; “akademik bagar1”, “performans”, “computer
aided design”, “computer supported learning” “computer-enhanced”, “achievement”, “performance” gibi anahtar
kelimeler kullanilmigtir. Anahtar kelimeler ile ilgili veri tabanlarinda farkli kombinasyonlar yapilarak taramalar
gerceklestirilmistir.Calisma kapsaminda kullanilan kaynaklara dort veri tabani {izerinden ulasilmistir. Tiirkce
olarak yayimlanan tezlerin tamamina Ulusal Tez Merkezi tarafindan ulagilmistir. Yabanci literatiir igin
“Dissertations & Thesis Global - ProQuest”, “British Library e-theses online service” ve “Theses Canada Portal”
veri tabanlar1 kullanilmistir. Tarama yaptirilirken “Izinli” tezler segilmistir. izinli olarak yayimlanmayan tezlerin
ise 6zet kisimlarina erigilebilmektedir fakat 6zet kismi meta-analiz igin yeterli veri bulundurmadigi igin bu tezler
¢alismanin disinda birakilmistir.

2,2. Dahil Etme Olciitleri

99 ¢

Arastirmaya dahil edilen ¢aligsmalarin belirlenmesinde asagidaki kriterler dikkatte alinmstir.

Kriter 1 (Zaman Aralig1): Meta-analize dahil edilen ¢aligmalarin yayimlandigi yil 2000 — 2015 arast olarak
belirlenmistir. NCTM (2000) yilindaki raporunda teknolojinin kullanilmasi Onerilmistir. Bu nedenle
aragtirmaya 2000’dan itibaren ¢aligmalar dahil edilmistir.

Kriter 2 (Izin Durumu): Meta-analize dahil edilen ¢alismalarin izinli ve tam metin olanlar se¢ilmistir.

Kriter 3 (Arastirma Yontemi): Meta-analize dahil edilen c¢alismalarda arastirma ydntemi olarak nicel
yontemlerin kullanilmasina dikkat edilmistir.

Kriter 4 (Yeterli Sayisal Veri Icermesi): Tezlerde sunulan veriler arasinda orneklem sayisi, aritmetik
ortalama, standart sapma, t degeri, p degeri gibi degerleri bulunduran ¢alismalar dikkate alinmuistir.

Kriter 5 (Dil): Literatiir taramasinda incelenen galismalardan Tiirkce veya Ingilizce dilinde yazilmis olanlar
meta-analize dahil edilmistir.

Kriter 6 (Bilgisayar Destekli Matematik Ogretimi): Literatiir taramas1 sonucunda ulagilan galismalardan
katilimcilarin bilgisayarla bir etkilesim igerisinde oldugu ¢alismalar tercih edilmistir.

2,3. Verilerin Kodlanmasi

Calisma kapsaminda elde edilen ¢alismalarin hepsi yil, yazarin ad soyad: formatindan kodlanmustir. Ornegin
Elizabth Rodriguez’in 2000 yilinda yapmis oldugu c¢alismanin dosyasi “2000, Elizabeth Rodriguez” sekilde
kodlanmustir.

Meta-analiz ¢alismasinda giivenirliginin saglanabilmesi i¢in aragtirmacinin (kodlayict — 1) ve matematik
egitimi alanindan bir aragtirmacinin (kodlayici — 2) yapmis olduklar1 kodlamalar karsilastirilmistir. Bazi
kaynaklarda (Vierra ve Garrent, 2005; Card, 2012; Ural, 2014) kodlayicilar arasi frekans verilerinden
yararlanilarak belirlenen bu uyum oraninda secenekler az ise sans faktoriiniin etkili olabilecegi soylenmektedir.
Bu durumun 6niine gegebilmek icin Cohen’s Kappa istatistiginden faydalanilabilir. Cohen’s Kappa testi
sonuclar1 agagidaki tabloda verilmistir.

45



A. Baki, K. Giirsoy

Tablo 1. Kodlayicilar aras1 uyum Kappa testi sonuglari
Value Asymp. Std. Error®  Approx. T° Approx. Sig.

Measure of Agreement Kappa ,881 ,082 5,212 ,000
N of Valid Cases 35

a. Not assuming the null hypothesis ; b. Using the asymptotic standard error assuming the null hypothesis.

Tablo 1 incelendiginde kodlayicilar arasi giivenirlik katsayisi .,881 olarak bulunmustur. Bulunan bu deger
Viera ve Garrett’in (2005) ¢alismasina gore degerlendirildiginde, neredeyse miikemmel uyum oldugu sonucuna
ulasilmaktadir.

Meta-analize dahil edilen ¢aligmalar ele aldiklari uygulama konularina gére ve g¢alismalardaki &rneklem
tiiriine gore incelenmistir. Caligmalarin konularina bakildiginda birbirinden farklilik gosterdigi goriilmektedir.
Geometrik cisimler, kiimeler, prizmalar, harfli ifadeler, agilar ve iiggenler, tiirev, fonksiyonlar vb. konular ile
kargilagilmis ve ¢ok fazla kategori ortaya ¢ikmustir. Caligmalarda ele aliman konularin ortak bagliklar altinda
toplanmasinin daha uygun olacag diisiiniilmiistiir. Calismalar Analiz, Cebir, Geometri, Istatistik, Karma (Konu
baslig altinda ele alnan diger basliklarin birden ¢ogunu ele alan galismalar), Problemler, Sayilar ve islemler
olmak {izere yedi baslik altinda toplanmis ve bagliklar altinda ele alinan konular asagidaki tabloda sunulmustur.

Tablo 2. Caligmalarin uygulandigi konu bagliklari

Konu Baghgt Konular
Analiz Trigonometri, Tiirev, Integral, Limit ve Siireklilik

Kiimeler, Lineer Denklemler, Harfli Ifadeler, Ikinci Dereceden Denklemler,
Cebir Fonksiyonlar, Dogrusal Denklemler, Dogrusal Denklemler ve Grafikleri, Oran —

Orant1, Baginti, Fonksiyon ve Islem, Ustel ve Logaritmik Fonksiyonlar

Acilar ve Uggenler, Doniisiim Geometrisi, Geometrik Cisimler, Cokgenler ve

Geometri Dértgenler, Cember ve Daire, Dogrular, Uzayda Vektorler, Uzayda Dogru
Denklemleri, Uzayda Diizlem Denklemleri

Istatistik [statistik, Permiitasyon ve Kombinasyon, Olasilik

Karma Birden ¢ok bagligi bir arada igeren ¢aligmalar

Problemler Problemler, S6zel Problemler

Sayilar, Koklii Sayilar, Karmasik Sayilar, Dogal Sayilarda Dért Islem, Kesirler,

Sayilar ve Islemler Yiizde Hesaplamalari

Orneklemdeki 6grencilerin egitim kademeleri birbirinden farklilik gostermektedir. Egitim kademelerine
bakildiginda, bu kademelerin ilkogretim dordiincii siniftan tiniversite tigiincii sinif 6grencilerine kadar uzandigi
goriilmektedir. Calisma kapsaminda egitim kademelerine yonelik siniflandirmalar asagidaki tabloda verilmistir.

Tablo 3. Caligmalardaki 6rneklemlerin egitim kademesi

Egitim Kademesi Swnif Diizeyi

[kogretim Ilkokul - 4

Orta Okul Orta Okul — 1, Orta Okul — 2, Orta Okul — 3, Orta Okul — 4
Lise Lise — 1, Lise — 2, Lise — 3, Lise - 4

Universite Lisans — 1, Lisans — 2, Lisans - 3

2,4. Verilerin Analizi ve Yorumlanmasi

Bir meta-analiz ¢alismasinda kullanilabilecek gesitli etki biiytikliikleri vardir. Bu arastirma kapsaminda elde
edilen verilerinin analizinde, standartlastirilmis ortalamalar farkliligi (Hedges’s g) kullanilmustir. Aritmetik
ortalamalara dayanan etki biyiikligii degerleri icin literatiirde siklikla kullanilan siniflandirmalardan biri
Cohen’e (1988) aittir. Bu simiflandirma ekti biiyiikliiklerini 3 siniflandirmaya ayirdigini i¢in daha detayli bir
smiflandirmaya ihtiya¢ duyulmus ve Thalheimer ve Cook’a (2002) ait siniflandirma ortaya ¢ikmistir. Thalheimer
ve Cook’un (2002) smiflandirilmasinin tercih edilmesinde, yapilan siniflandirmanin daha ayrintili olmasi ve
literatiirdeki bir¢cok c¢aligmanin (Kis, 2013; Demir, 2013; Liao, 2007) bu smiflandirmayt kullanmasi etkili
olmustur. Bu siniflandirma asagidaki tabloda verilmistir.

Tablo 4. Thalheimer ve Cook (2002) etki bityiikliigii siniflandirmasi

d degeri Siniflandirma
0,00<d<0,15 Onemsiz diizeyde
0,15<d<0,40 Diistik diizeyde
0,40<d<0,75 Orta diizeyde
0,75<d<1,10 Yiiksek diizeyde
1,10<d < 1,45 Cok yiiksek diizeyde
1,45<d Miikemmel diizeyde
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Degerlendirme yapilirken hesaplanan etki biiylikliigli mutlak degerince hangi siniflandirmaya girdigi
belirlenir ve etki biiyiikliigiiniin isaretine gére yorumlama yapilir. Ornek vermek gerekirse, etki biiyiikliigii -0,48
olarak hesaplanan bir ¢aligmanin kontrol grubu lehine orta diizeyde bir etkisi oldugu soylenebilir. Benzer sekilde
etki biiytikliigii 0,64 olarak hesaplanan bir ¢aligma igin deney grubu lehine orta diizeyde bir etkinin oldugu
sOylenebilir.

2,6. Yayin Yanhhg:

Meta-analiz siirecinde bireysel ¢aligmalarin etki biiyiikliiklerine bakilmadan 6nce yayin yanlilig1 testi yapilir.
Yayin yanliligina karar vermede yardimci olan huni sagilim grafigi asagida verilmistir.
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Sekil 1. Yayin yanliligi i¢in huni sagilim grafigi

Huni sagilim grafigi incelendiginde, sinirlarin diginda ¢alismalarin oldugu ve bu calismalarin etki
biiyiikliigiine gore simetriklerinin etki biyiikliigiiniin solundaki c¢aligmalari ile ortiismedigi gorilmektedir. Bu
hali ile ¢aligmada yaymn yanlihigi oldugu diistiniilebilir. Classic fail-safe N istatistigi ile bu durum daha net bir
sekilde agiklanmugtir. Classic fail-safe N 1737 olarak hesaplanmisgtir. Bir bagka ifade ile 0,05 anlamlilik
diizeyinde neredeyse sifir etkisine ulasabilmesi i¢cin 1737 tane daha calismaya ihtiya¢ vardir. Calisma
kapsaminda ele alinan bireysel caligmalarin sayisinin 109 oldugu ve bu caligmalarin disinda 1737 tane daha
calismaya ulasilmasi olasi degildir. Bu durum yiiriitiilen ¢alismada yayin yanliliginin olmadiginin bir gstergesi
olarak diistiniilebilir.

3. Bulgular

3,1. Bilgisayar Destekli Matematik Ogretiminin Matematik Dersindeki Akademik Basariya Etkisini
Inceleyen Cahismalara Ait Meta-Analiz Bulgular

Arastirmanin problemi “Bilgisayar destekli matematik Ogretiminin matematik dersi akademik basarisi
tizerindeki etkisi nedir?” olarak ifade edilmisti. Bu probleme cevap verme amacl olarak, arastirmaya dahil
edilen bireysel ¢aligmalarin etki biyiiklikleri hesaplanmis ve ek 1°de wverilmistir. Etki biyiiklikleri
incelendiginde, en yiiksek etkiye (EB=3,731) sahip ¢alisma olarak 2011, Selguk Firat kodlu g¢alismanin
belirlendigi goriilmektedir. Bununla birlikte etkisin en diisiik (EB=0,000) olan c¢aligma ise 2010, Ben Fields
Johnson 2 kodlu ¢alisma olarak belirlenmistir.

Meta-analize dahil edilen caligmalarin etki biiyiiklikklerinin yonlerine gore dagilimi asagidaki tabloda
gosterilmistir.
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Tablo 5. Caligmalarin etki bityiikliigii yoniine gore dagilimi

Etki Biiyiikliigiiniin Yonii f %
Pozitif 89 81,65
Negatif 19 17,43
Sifir 1 0,92
Toplam 109 100,00

Tablo 3 incelendiginde, etki biiyiikligi 89 (%81,65) calismada pozitif (deney grubu lehine) iken, 19
(%17,43) ¢alismada ise negatif (kontrol grubu lehine) yonde oldugu belirlenmistir. Bununla birlikte 1 (%0,92)
calismanin ise etki biiylikliigli 0 ¢ikmigtir. Caligmalarin Thalheimer ve Cook (2002) siniflandirmasina gore etki
biiyiikliik siniflandirmalarinin dagilimlari asagidaki tabloda verilmistir.

Tablo 6. Thalheimer ve Cook (2002) siniflandirmasina ait frekans dagilimi

Etki Biiyiikliigiintin Diizeyi f %
Onemsiz 11 10,09
Diisiik 26 23,86
Orta 33 30,28
Yiiksek 18 16,51
Cok Yiiksek 10 9,17
Miikemmel 11 10,09
Toplam 109 100,00

Tablo 6 incelendiginde Thalheimer ve Cook (2002) siniflandirmasia goére 11 (%10,09) bireysel ¢alismanin
etki biylikliigiiniin 6nemsiz diizeyde oldugu, 26 (%23,86) bireysel calisgmanin diisiik, 33 (%30,28) bireysel
calismanin ise orta diizeyde etkisi oldugu goriilmektedir. Bununla birlikte, 18 (%16,51) bireysel calismanin
yiiksek diizeyde, 10 (%9,17) bireysel ¢aligmanin ise ¢ok yiiksek ve 11 (%10,09) bireysel ¢alismanin miikemmel
diizeyde etki biiyiikliigiine sahip oldugu belirlenmistir.

Meta-analiz ¢aligmast sonucunda ortaya ¢ikarilacak olan genel etki biiytlikliigi, literatiirde yer alan sabit etki
modeline gore ya da rastgele etki modeline gore hesaplanmaktadir. Bu yaklasimlardan hangisinin kullanilacagina
karar verebilmek i¢in heterojenlik testi uygulanmig ve heterojenlik testinin sonuglari asagida tabloda verilmistir.

Tablo 7. Heterojenlik testi analizi

Q-Degeri df(Q) p I-Squared

772,450 108 0,000 86,019

Tablo 7 incelendiginde p degeri “0,000” oldugu ve 0,05 degerinden kii¢iik oldugu goriilmektedir. Bunun bir
sonucu olarak bireysel calismalarin heterojen yapida oldugu belirlenmistir. Ayrica bireysel calismalarin
heterojen yapida olup olmadiginin testi ki-kare tablosu iizerinden de kontrol edilmelidir. Heterojenlik degerleri
baslig altinda yer alan “Q-Degeri” 772,450 olarak hesaplanmisg ve Ki-kare tablosundan df(Q) = 108 igin kritik
deger 133,257 olarak bulunmustur. Q degerinin kritik degerinden biiyiikk oldugu gériilmektedir. Bu durumda
calismalarin heterojen yapida oldugu anlamina gelmektedir. Bu hesaplamalar sonucunda bireysel ¢alismalarin
heterojen yapida oldugu belirlenmistir.

Meta-analize dahil edilen 109 ¢alismanin heterojen yapida oldugu belirlendikten sonra genel etki biiyiikliigii
rastgele etki modeline gore hesaplamis ve sonuglari agagidaki tabloda sunulmustur.

Tablo 8. Sabit ve rastgele modellerin etki biiytikliikleri

Model Tiir N Genel EB Standart Hata Varyans  AltLimit Ust Limit Z-Degeri  p-Degeri

Sabit 109 0,361 0,022 0,000 0,318 0,404 16,540 0,000

Rastgele 109 0,576 0,061 0,004 0,455 0,696 9,366 0,000

Tablo 8 incelendiginde, ¢aligmalarin etki biyiikligiiniin 0,576 oldugu goriilmektedir. Thalheimer ve Cook
(2002) siniflandirmasia gore hesaplanan etki biiylikligii orta diizey olarak belirlenmistir. p degerinin 0,05
anlamlilik degerinden kiigiik olmas1 gruplar arasinda anlamli bir farkliligin oldugunu gostermektedir. Bir baska
ifade ile geleneksel dgretim modeliyle yapilan egitim ile bilgisayar destekli 6gretim arasinda istatistiksel olarak
anlamli bir farklilik vardir. Bu sonuca gore meta-analiz yontemiyle birlestirilen ¢alismalarin sonucunda elde
edilen genel etki biyiikligiine (EB=0,576) bakilarak bilgisayar destekli dgretimin matematik dersindeki
akademik basariya etkisinin olumlu yonde ve orta diizeyde oldugu belirlenmistir.
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3,2. Uygulama Konularina Gére Bilgisayar Destekli Matematik Ogretiminin Matematik Dersindeki
Akademik Basariya Etkisine Ait Meta-Analiz Bulgular

Aragtirmanin alt problemlerinden biri “Bilgisayar destekli matematik 6gretiminin akademik basar1 tizerindeki
etkisinin uygulama konularina gore farklilasmakta midir?” olarak ifade edilmisti. Genel etkinin rastgele etki
modeline ya da sabit etki modeline gore mi hesaplanacagi belirlemek i¢in uygulanan heterojenlik testi yapilmis
ve sonuclar1 asagidaki tabloda verilmistir.

Tablo 9. Uygulama konularina gore heterojenlik test sonuglari

Uygulama Konusu Q-Degeri df(Q) p I-Squared  Kritik Deger  Etki Modeli
Analiz 28,483 6 0,000 78,935 12,592 Rastgele
Cebir 275,002 26 0,000 90,546 38,885 Rastgele
Geometri 162,901 32 0,000 80,356 46,194 Rastgele
[statistik 127,356 7 0,000 94,504 14,067 Rastgele
Karma 17,713 8 0,023 54,836 15,507 Rastgele
Problemler 7,426 5 0,191 32,672 11,070 Sabit
Sayilar-Islemler 49,545 18 0,000 63,669 28,869 Rastgele

Tablo 9 incelendiginde, Analiz, Cebir, Geometri, Istatistik, Sayllar-islemler konularini ele alan ¢aligmalarin
heterojenlik testi sonucunda p degeri “0,000” olarak hesaplandigi goriilmektedir. Hesaplanan bu degerin 0,05
degerinden kiigiik olmasinin bir sonucu olarak ilgili konular1 ele alan bireysel ¢aligmalarin heterojen yapida
oldugu belirlenmistir. Bu duruma ek olarak birden ¢ok konu lizerinde yiiriitiilen ¢aligmalarin toplandigi karma
grubunda ise p degeri “0,023” olarak hesaplanmistir. Hesaplanan bu degerin 0,05 degerinden kiigiik olmasr ilgili
gruptaki ¢caligmalarin heterojen yapida oldugunu gostermektedir. Bu durumlarin aksine, problemleri konu edinen
calismalarin p degeri “0,191” olarak hesaplanmistir. Hesaplanan bu deger 0,05 degerinden biiyiik oldugu i¢in bu
gruptaki c¢alismalarin homojen yapida oldugu tespit edilmistir. Ayrica uygulama konularina gore yapilan
heterojenlik testi sonuglarini ki-kare i¢in belirlenen kritik degerler de desteklemektedir.

Tablo 10. Uygulamalarin yapildigi konulara gore etki bityiikligii

Konular N Genel EB SH Varyans  AltLimit  Ust Limit 4 p
Analiz 7 0,584 0,250 0,063 0,093 1,075 2,332 0,020
Cebir 27 0,539 0,155 0,024 0,235 0,843 3,478 0,001
Geometri 33 0,858 0,114 0,013 0,635 1,082 7,533 0,000
Istatistik 8 0,820 0,474 0,225 -0,110 1,750 1,729 0,084
Karma 9 0,415 0,081 0,007 0,257 0,573 5,140 0,000
Problemler 6 0,298 0,103 0,011 0,097 0,499 2,902 0,004
Sayilar-Islemler 19 0,248 0,092 0,008 0,069 0,428 2,709 0,007

Tablo 10 incelendiginde, yedi ¢alismanin analiz konulari iizerine yiriitildigi ve etki biiyiikligiiniin 0,584
olarak hesaplandigi goriilmektedir. Bu etki biiyiikliigiiniin Thalheimer ve Cook (2002) siniflandirmasina gore
bilgisayar destekli matematik Ggretiminin akademik basarisini orta diizeyde etkiledigi belirlenmistir. Cebir
konularin1 ele alan 27 ¢alismanin etki biyiikligii 0,539 olarak hesaplanmistir. Bu etki biiyiikliigiiniin Thalheimer
ve Cook (2002) siniflandirmasia gore orta diizeyde etki ettigi bulunmustur. Geometri konularinin {izerinden
yiriitillen ve 33 calismadan olusan bu grubun genel etki biiyiikligii 0,858 olarak hesaplanmistir. Bu etki
biiyiikliigii Thalheimer ve Cook (2002) siniflandirmasina gore bilgisayar destekli matematik 6gretiminin
akademik basarisi1 yiiksek diizeyde etkiledigi belirlenmistir. Istatistik konularim1 ele alan 8 calisma
gruplandirilmis ve bu grubun genel etki biiyiikligii 0,820 olarak hesaplanmistir. Thalheimer ve Cook (2002)
simiflandirmasina gore bu etki biiylikliigii bilgisayar destekli matematik dgretiminin akademik basarisini yiiksek
diizeyde etkiledigi ifade edebilir. Matematikte birden ¢ok konuyu ele alan dokuz ¢aligmanin etki biyiikliigii
0,415 olarak hesaplanmig ve Thalheimer ve Cook (2002) siniflandirmasina gore bilgisayar destekli matematik
Ogretiminin akademik basarisini orta diizeyde etki ettigi bulgusuna ulasilmistir. Problemleri ele alan 6 ¢alismanin
etki biylikligii 0,298 olarak hesaplanmistir. Bu etki biiyiikliigii Thalheimer ve Cook (2002) siniflandirmasina
gore bilgisayar destekli matematik Ggretiminin akademik basarisini diisiikk diizeyde etkilemektedir. Sayilar-
Islemler konularinin iizerinden yiiriitiilen ve 19 ¢alismadan olusan bu grubun genel etki biiyiikliigii 0,248 olarak
hesaplanmistir. Bu etki biiylikliigiiniin Thalheimer ve Cook (2002) smiflandirmasina gore bilgisayar destekli
matematik 6gretiminin akademik basarisini diisiik diizeyde etkiledigi belirlenmistir.

Bilgisayar destekli matematik 6gretimi ile ilgili ¢aligmalar uygulama konularina gore siniflandirilmis ve
gruplar arasindaki etki bilylikliigliniin istatistiksel olarak anlamli bir farklilik olusturup olusturmadigina iliskin
veriler agagidaki tabloda sunulmustur.
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Tablo 11. Gruplar Arasi Istatistiksel Farklilik

Q-degeri Serbestlik Derecesi p-degeri

20,554 6 0,002

Tablo 11 incelendiginde, p-degeri anlamlilik diizeyi olarak belirlenen 0,05’ten kiiciik oldugu goriilmektedir.
Bununla birlikte, Q-degeri (20,554) serbestlik derecesi 6 anlamlilik diizeyi 0,05 oldugunda belirlenen kritik
degerden (12,592) biiyiik oldugu belirlenmistir. Bu durumlardan hareketle, bilgisayar destekli matematik
Ogretimi yapilan calismalarin uygulama konularmma gore simiflandirip gruplar arasi etki biiytikliiklerine
bakildiginda olusan gruplar arasinda istatistiksel olarak anlaml bir farklilik oldugu belirlenmistir. Tablo 10°de
sunulan etki biiyiikliiklerine bakildiginda “Geometri” ve “Istatistik” konularinda yapilan galigmalarin yiiksek
diizeyde etkiye sahip olmasi nedeniyle gruplar arasinda ¢ikan farkin bu konu bagliklarini yoniinde oldugu
belirlenmistir.

3,3. Orneklemin Egitim Kademesine Gore Bilgisayar Destekli Matematik Ogretiminin Matematik
Dersindeki Akademik Basariya Etkisine Ait Meta-Analiz Bulgulari

Arastirmanin alt problemlerinden bir digeri “Bilgisayar destekli matematik Ogretiminin akademik basari
iizerindeki etkisi 6rneklem tiirtine gore farklilagsmakta midir?” olarak ifade edilmisti. Genel etkinin rastgele etki
modeline ya da sabit etki modeline gére mi hesaplanacagi belirlemek i¢in uygulanan heterojenlik testi yapilmig
ve sonuclart asagidaki tabloda verilmistir.

Tablo 12. Egitim kademelerine gore heterojenlik test sonuglari

Egitim Kademesi Q-Degeri df(Q) p I-Squared  Kritik Deger  Etki Modeli
Ilkokul 1,043 2 0,594 0,000 5,991 Sabit
Lise 282,864 29 0,000 89,748 42,557 Rastgele
Ortaokul 328,457 60 0,000 81,733 79,082 Rastgele
Universite 67,833 13 0,000 80,835 22,362 Rastgele

Tablo 12 incelendiginde, lise, ortaokul, iniversite Ogrencilerinin Orneklemini olusturdugu bireysel
calismalarin heterojenlik testi sonucunda p degeri “0,000” olarak hesaplandigi goriilmektedir. Hesaplanan bu
degerin 0,05 degerinden kii¢iik olmasinin bir sonucu olarak ilgili egitim kademesindeki 6grenciler ile yiiriitiilen
bireysel caligmalarin heterojen yapida oldugu belirlenmistir. Bu durumlarin aksine, ilkokul dgrenciler ile
yiiriitiilen bireysel ¢aligmalarin p degeri “0,594” olarak hesaplanmistir. Hesaplanan bu deger 0,05 degerinden
biiyiik oldugu i¢in bu gruptaki ¢alismalarin homojen yapida oldugu ifade edilebilir. Ayrica uygulama konularina
gore yapilan heterojenlik testi sonuglarini ki-kare i¢in belirlenen kritik degerler de desteklemektedir.

Tablo 13. Orneklemin egitim kademesine gore etki biiyiikliigi

Egitim Kademesi N Genel EB SH Varyans  AltLimit  Ust Limit z p
Tlkokul 3 0,765 0,160 0,025 0,452 1,078 4,794 0,000
Lise 30 0,498 0,134 0,018 0,236 0,760 3,723 0,000
Ortaokul 61 0,708 0,075 0,006 0,561 0,855 9,437 0,000
Universite 14 0,192 0,150 0,023 -0,102 0,487 1,280 0,201

Tablo 13 incelendiginde, {i¢ ¢calismanin ilkokul 6grenciler ile yiiriitiildiigi ve etki biiytikliigiiniin 0,765 olarak
hesaplandig1 goriilmektedir. Bu etki biiyiikliigliniin Thalheimer ve Cook (2002) siniflandirmasina gore bilgisayar
destekli matematik 6gretiminin akademik basarisini yiiksek diizeyde etkiledigi belirlenmistir. Lise dgrencileri ile
yiiriitiilen 30 ¢alismanin etki biiylikliigi 0,498 olarak hesaplanmistir. Bu etki biiyiikliigiiniin Thalheimer ve Cook
(2002) siniflandirmasina gore orta diizeyde etki ettigi belirlenmistir. Ortaokul 6grencileri ile yiiriitilen ve 61
calismadan olugan bu grubun genel etki biyilikliigii 0,708 olarak hesaplanmistir. Bu etki biyiikligiiniin
Thalheimer ve Cook (2002) siniflandirmasina gore bilgisayar destekli matematik Ogretiminin akademik
basarisim orta diizeyde etkiledigi belirlenmistir. Universite 6grenciler ile yiiriitiilen 14 ¢alismanin olusturdugu
grubun genel etki biiylikliigii 0,192 olarak hesaplanmistir. Thalheimer ve Cook (2002) simiflandirmasina gére bu
etki biiylikliigii bilgisayar destekli matematik 6gretiminin akademik basarisini diisiik diizeyde etkiledigi ifade
edebilir.

Bilgisayar destekli matematik oOgretimi ile ilgili caligmalar Orneklemin egitim kademesine gore
smiflandirilmis ve gruplar arasindaki etki bilyiikliigliniin istatistiksel olarak anlamli bir farklilik olusturup
olusturmadigina iligkin veriler agsagidaki tabloda sunulmustur.
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Tablo 14. Gruplar aras: istatistiksel farklilik

Q-degeri Serbestlik Derecesi p

11,070 3 0,011

Tablo 14 incelendiginde, p-degeri anlamlilik diizeyi olarak belirlenen 0,05’ten kiigiik oldugu gérilmektedir.
Bununla birlikte, ki-kare degeri (11,070) serbestlik derecesi 3 anlamlilik diizeyi 0,05 oldugunda belirlenen kritik
degerden (7,815) biiylik oldugu belirlenmistir. Bu durumlardan hareketle, bilgisayar destekli matematik 6gretimi
yapilan c¢aligmalarin orneklemin egitim kademesine gore smiflandirip gruplar arast etki biyikliiklerine
bakildiginda olusan gruplar arasinda istatistiksel olarak anlamli bir farklilik oldugu belirlenmistir. Tablo 13
incelendiginde, ilkokul 6grencileri ile yiiriitillen ¢aligmalarin etki biiylikligiiniin yiiksek diizeyde, ortaokul
ogrencileri ile yiiriitillen ¢aligmalarin ise etki biiyiikliigiiniin yiiksek diizeye yakin olmasi, gruplar arasinda ¢ikan
farkin Orneklemini ilkokul ve ortaokul &grencilerinin olusturdugu c¢aligmalardan yana oldugu bulgusuna
ulagilmstir.

4. Tartisma, Sonu¢ ve Oneriler

Bu caligmanin amacibilgisayar destekli matematik &gretiminin matematik dersindeki akademik basar1
iizerindeki etkisini inceleyen c¢aligmalart bir araya getirerek, bilgisayar destekli matematik &gretiminin
matematik dersindeki akademik basariya etkisini ortaya koymaktir. Bu amag¢ dogrultusunda literatiir taranmis ve
dahil etme kriterlerine uygun c¢aligmalar meta-analiz yontemi ile birlestirilerek incelenmistir. Meta-analiz
bulgularinda etki biiyiikliigii Thalheimer ve Cook (2002) smiflandirmasina gore orta ya da daha yiiksek bir
grupta cikarsa ¢alismanin p-degerinin ,05 anlamlilik diizeyinden kii¢iik olmas1 beklenirken, etki degeri diigiik ya
da 6nemsiz olmasit durumunda ¢alismanin p-degerinin ,05 anlamlilik diizeyinden biiyiik olmasi beklenir. Ek
1’deki tablo incelendiginde, bazi ¢aligmalarin (2014, Ming Chen_2; 2007, Mithat Takinyaci, 2000, Mei Chen_1,
2015, Shalette Ashman-East; 2008, Hiiseyin Cumhur Egelioglu) p degerlerinin 0,05 anlamhilik diizeyinden
biiyiikk ¢ikmasina ragmen etki biyiikliikleri Thalheimer ve Cook (2002) smiflandirmasina gére orta diizeyde
¢iktig1 goriilmektedir. Bu durumun tersine, bazi ¢alismalarin (2011, Brian B. Abel; 2015, Amy Dawn Fanusi;
2005, Tina Renee Cannon) p degeri 0,05 anlamlilik diizeyinden kii¢iik ¢ikarken etki biiyiikliigi Thalheimer ve
Cook (2002) siniflandirmasina gore diisiik ve dnemsiz diizeyde ¢ikmistir. Literatiir incelendiginde p degerinin
anlamsiz ¢ikmasinin birka¢ nedeninin olabilecegi ifade edildigi goriilmiistiir. Bununla birlikte 6rneklem
biiyiikliigiinden ve etki biiyiikligiinden kaynaklanabilecegi ifade edilmistir. Bu durum Cozby ve Bates (2012)
tarafindan Orneklem biiyiikliigii gercek etkiyi ortaya cikaracak yeterlilikte degildir veya cok kiiciik etki
biyiikliigiinii tespit edecek geniglikte olmayabilir seklinde ac¢iklamistir. Bu durum g6z Oniinde
bulunduruldugunda p degerinin 0,05 anlamlilik diizeyinden biiyiik ¢ikmasi halinde etki degerleri Thalheimer ve
Cook (2002) simflandirmasina gore orta diizeyde ¢ikan caligmalarin (2014, Ming Chen_2; 2007, Mithat
Takinyaci, 2000, Mei Chen_1, 2015, Shalette Ashman-East; 2008, Hiiseyin Cumhur Egelioglu) 6rneklem
biiyiikliikleri incelenmis ve en fazla drnekleme sahip olan galismanin 15 &grenci ile yiriitiildigi ifade edilmistir.
Bu durumun tersine p degeri 0,05 anlamlilik diizeyinden kiigiik ¢ikip etki bityiikligii Thalheimer ve Cook (2002)
smiflandirmasinda orta diizeyde ¢ikan ¢aligmalarda (2011, Brian B. Abel; 2015, Amy Dawn Fanusi; 2005, Tina
Renee Cannon) ise 6rneklem biiyiikliigii en az olan calismanin 113 deney grubu 6grencisine sahip oldugu
goriilmiistiir. Bu durum goz 6niinde bulunduruldugunda p degerleri ile etki biiytikliikleri siniflandirmasi arasinda
¢ikan uyumsuzlugun Cozby ve Bates’in (2012) c¢alismasinda da ifade edildigi gibi 6rneklem sayisindan
kaynaklandig1 sdylenebilir.

Meta-analiz ile bir araya getirilen g¢alismalarda bilgisayar destekli matematik Ogretiminin matematik
dersindeki akademik basariya etkisinin bulgulari incelendiginde 2011, Selguk Firat, 2010, Sinem Budak, 2000,
Mei Chen_2 ve 2011, Emine Tayan kodlu c¢alismalarin etki diizeylerinin Thalheimer ve Cook (2002)
smiflandirmasina gore mitkemmel diizeyde ¢ikan bazi ¢aligmalarin baginda geldigi goriilmektedir (bk. Ek 1). Bu
aragtirmalar incelendiginde ise 2011, Selguk Firat kodlu ¢aligma ve 2000, Mei Chen 2 kodlu g¢alismalar
bilgisayar destekli matematik Ogretiminin yaninda sirasiyla oyun ve gomiili 6gretim yaklagimlarindan
faydalandiklar1 goriilmektedir. Caligmalarin sonucunda ise arastirmacilar deney ve kontrol gruplari arasindaki
farkin sadece bilgisayar desteginden kaynaklanmadigi ve bilgisayar ile kullanilan farkli yaklasimlarin da etkili
oldugunu belirtilmistir. Bununla birlikte, etki biiylikliigii Thalheimer ve Cook (2002) siniflandirmasina gore
yiiksek diizeyde ¢ikan fakat basarilar arasindaki farkin kontrol grubu lehine olan 2004, Douglas Edwin Bump
kodlu calisma ise bilgisayar destekli O6gretim géren grubun basarisizligini yasanan teknik sorunlar (yavas
serverlar, internet problemler, vs.) ile iliskilendirmistir.

Celik (2013) calismasinda alternatif 6gretim yontemlerinin akademik basar {izerindeki etkisini meta-analiz
yontemi ile incelemistir. Alternatif dgretim ydntemlerinin tiirlerine gére yaptigi incelemelerden birinde de
bilgisayar destekli 6grenme ele alinmistir. Bilgisayar destekli 6grenmeyi ele alan 11 calismanin genel etki
biiytikligii 0,863 olarak hesaplanmistir. Bu genel etki Thalheimer ve Cook (2002) siiflandirmasina gore yiiksek
olarak belirlenmistir. Bir bagka calismada Demir (2013) Tiirkiye’de uygulanmis bilgisayar destekli matematik
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Ogretiminin matematik basarisi iizerindeki etkisini konu alan ¢aligmalari meta-analiz yontemi ile birlestirmistir.
40 caligmay1 bir araya getiren ¢aligmada bilgisayar destekli matematik 6gretiminin matematik bagarisi tizerindeki
etkisi 0,899 olarak sunulmustur. Bu etki biiyiikliigii Thalheimer ve Cook (2002) simiflandirmasina gore yiiksek
diizey olarak belirlenmistir. Yiriitiilen ¢alisma ile literatiirde yer alan g¢aligsmalara bakildiginda bulgularin
benzerlik gosterdigi goriilmektedir.

Yiriitiilen ¢aligma kapsaminda bir araya getirilerek degerlendirilen c¢alismalar uygulamalarin yapildigi
konulara gore gruplandirilarak incelenmistir. Meta-analiz bulgulari incelendiginde istatistik ve geometri konular1
iizerine uygulanan calismalarin etki biiytikliikleri Thalheimer ve Cook (2002) smiflandirmasina gore yiiksek
diizeyde oldugu ortaya ¢ikmaktadir. Bununla birlikte bilgisayar destekli matematik dgretiminin cebir, analiz ve
genel konular ele alan karma gruplarinda ise orta diizeyde etkide bulundugu bulgusuna ulagilmistir. Problemler,
sayilar-islemler grubunda ise bilgisayar destekli matematik Ogretiminin etkisinin diisiik diizeyde oldugu
belirlenmistir (bk Tablo 10). Ayrica ¢alismalarin uygulama konularina gore birbirinden istatistiksel olarak
anlamli bir sekilde farklilastig1 belirlenmistir (bk. Tablo 11).

Konulara gore yapilan incelemede dikkat ¢ekici nokta istatistik konulart {izerine yiiriitiilen ¢aligmalarin genel
etki biiytikligii yiiksek ¢ikarken, gruplar arasindaki istatistiksel olarak anlamli farklilig1 gosteren p degerinin
(0,084) reddetme smirmi gegmis olmasidir. Istatistik konularinda ele almna galigmalar bireysel olarak
incelendiginde etki biiyiikliikleri miikemmel ve yiiksek diizeyde olan ¢aligmalar (2012, Turgay Andig; 2010,
Nazife Sen 1; 2011, Selguk Firat) oldugu bunlara karsi kontrol grubu lehine etki biiylikligli orta olan
calismalarin (2004, Sule Cubuk; 2010, Nazife Sen_2; 2001, Thomas A. Haapoja) oldugu da goriilmektedir. Bu
duruma ek olarak etki biiyiikliigii en yiliksek ¢ikan ¢alismanin (2011, Selguk Firat) bu grupta yer almasi da bir
bagka etken olarak degerlendirilmistir. Tiim bu durumlar bir araya getirildiginde istatistik konularin1 ele alan
caligmalarin etki biyiikligiiniin yiiksek ¢ikmasi p degerinin ise sinira oldukga yakin olmasinin nedeni olarak
diisiiniilebilir.

Geometri konularimi ele alan c¢alismalarin genel etki biiyiikligiine bakildiginda matematik dersindeki
akademik basarty1 yiliksek diizeyde etkiledigi goriilmektedir. Bununla birlikte yiiriitiilen g¢alismalarin
birlestirilmesinin sonucunda deney ve kontrol grubundaki katilimcilarin basari puanlari arasinda istatistiksel
olarak anlamli bir farklilik bulunmustur. Geometri konularini ele alan ¢alismalarda bilgisayar destekli matematik
Ogretiminin matematik dersindeki akademik basariyr arttirmasinda kullanilan yazilimlarin dinamik bir yapi
sunmasi ve siiriikkleme eyleminin yapilabilmesinin etkisi oldugu diistiniilmektedir. Akgiil (2014) 6grencilerin
basarilarindaki artisi ¢alismasinda kullanilan yazilimm soyut olan geometri konularmin 6gretiminde
kullanildiginda 6grencilerin hayal etme giiclinii gelistirerek daha iyi anlagilmasini saglar sekilde agiklamigtir. Bu
duruma ek olarak, olusturulan geklin istenilen yonde hareket ettirilme ve dondiiriilme 6zelligini vurgulayarak
geometrik sekillerin dinamik yapisina vurgu yapmustir. Ayrica, Giirbiiz (2008) geleneksel 6grenme ortaminda
ogrencilerin tahminde bulunma, muhakeme etme, deney yapma, deneyden c¢ikan sonuglari gérme, formiil
¢ikarma imkanlarini elde edemedikleri, buna karsin bilgisayar destekli ortamda 6grencilere bu imkanlarin biiyiik
olgiide sunuldugunu belirtmistir. Ogrencilerin soyut kavramlar1 6grenme giigliigii gektigi durumlarda bilgisayar
destekli egitim yoluyla soyut kavramlarin gorsellestirilerek somutlastirilabilecegi ve daha kolay anlasilir hale
getirilebilecegi farkli yayinlarda vurgulanan bir sonug olarak ifade edilmektedir (Ciftgi 2006; Ersoy, 2003). Bu
durumlarin hepsi bir arada diisiintildiigiinde, etki biiylikligiiniin yiiksek diizeyde ¢ikmasinin agiklamalari olarak
ifade edilebilir. Sosa, Berger, Saw ve Mary (2011) ¢alismalarinda bilgisayar destekli matematik dgretiminin 6zel
olarak istatistik konular1 {izerindeki basarisini meta-analiz yontemi ile arastirmiglardir. Bununla birlikte, farkli
moderatorler lizerinden genel etki hesabi yapmuslardir. Sosa ve digerleri (2011) incelemis olduklart 45
caligmanin genel etkisini 0,33 olarak hesaplamistir. Calismanin moderatorlerinden biri akademik seviye olarak
lisans (undergraduate) ve lisansiistii (graduate) seklinde incelemistir. Orneklemini lisans ogrencilerinin
olusturdugu grubun genel etki biiyiikligi 0,25 olarak bulunurken, lisansiistii 6grencilerin Grneklemini
olusturdugu calismalarin genel etki biiyiikligiinii 0,68 olarak hesaplanmistir. Bir bagka ¢alismada Hsu (2003)
istatistik egitiminde bilgisayar destekli ogretimin etkisini meta-analiz ile aragtirmistir. Calisma sonucunda
birlestirilen 25 tane bireysel ¢aligmanin etki biiyiikligi 0,43 olarak hesaplanmig ve hesaplanan bu degerin
Thalheimer ve Cook (2002) simiflandirmasina gore orta diizeyde oldugu ifade edilmistir. Yiiriitiilen meta-analiz
calismasinda ise istatistik konularmi ele alan calismalarin etki biyiikligi 0,820 olarak hesaplanmstir ve
hesaplanan bu deger Thalheimer ve Cook (2002) siniflandirmasina gore yiiksek diizeyde etki sahibi oldugu ifade
edilmistir. Hsu (2003) ve Sosa ve digerleri (2011) yaptig1 ¢caligsmalarin etki diizeyleri orta ¢ikmisken, yiiriitiilen
meta-analiz ise bu etki yiiksek diizeyde ¢ikmustir. Boyle bir farkliligin ortaya ¢ikma sebebini arastirirken meta-
analize dahil edilen ¢aligmalarin etki biiyiikliikleri incelenmis ve inceleme sonucunda istatistik alaninda etki
biiyiikliigii yliksek olan ¢aligmalarin tamaminin yurt i¢i ¢aligmast oldugu goriilmiistiir. Bu nedenle Hsu (2003) ve
Sosa ve digerleri (2011) ¢alismasmin bulgulart ile yiiriitiilen meta-analiz ¢alismasinin bulgular1 farklilik
gostermistir.

Yiiriitiilen ¢alismada kapmasinda bir araya getirilerek degerlendirilen ¢aligmalar uygulamalarin yapildig:
orneklem tiirtine gére gruplandirilarak incelenmistir. Meta-analiz bulgulari incelendiginde ilkokul 6grencilerinin
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orneklemini olusturdugu calismalarin etki biiyiikliikleri Thalheimer ve Cook (2002) simiflandirmasia gore
yiikksek diizeyde oldugu ortaya c¢ikmistir. Bununla birlikte, ortaokul ve lise Ogrencilerinin 6rneklemini
olusturdugu calismalarin etki biiyiiklikleri Thalheimer ve Cook (2002) simiflandirmasina gore orta diizeyde
cikmustir. Orneklemini 6gretmen adaylarmin olusturdugu calismalarm etki biiyiikliigii Thalheimer ve Cook
(2002) smiflandirmasma gore diigilk diizeyde g¢ikmustir. Ayrica calisma kapsaminda olusturulan bilgisayar
destekli 6gretimin matematik dersi akademik basari tizerindeki etkisinin 6rneklem tiiriine gore istatistiksel olarak
farklilagtig1 bulgusuna ulasilmistir.

Literatiirde yer alan farkli ¢aligmalar da bilgisayar destekli matematik 6gretiminin akademik basarilarini
incelemistir. Bu incelemeler icerisinde ise bazi ¢aligmalar alt boyutlarinda 6rnekleme gore gruplandirilmis ve
genel etki biylikliigli hesaplanmistir (Demir, 2013; Lein, 2016; Sungur, 2015). Bu ¢alismalardan birinde Sungur
(2015) calismasinda Orneklemini ilkdgretim Ogrencilerinin olusturdugu calismalart meta-analiz yontemi ile
birlestirerek genel etkiyi oraya koymustur. Genel etki hesaplandiktan sonra bireysel ¢aligmalar uygulama
konularina gore gruplandirilarak her bir grup igin genel etki bilyilikliigii hesaplanmigtir. Sungur ¢alismasinda
orneklemini ilkégretim Ogrencilerinin olusturdugu 22 ¢aligmanin genel etki biyiikligii 1,041 olarak
hesaplamugtir. Bu etki biiylikliigiiniin Thalheimer ve Cook (2002) siniflandirmasina gore yiiksek diizeyde oldugu
belirtilmistir. Bir bagka ¢aligmada ise Demir (2013) bilgisayar destekli matematik 6gretiminin akademik basariya
etkisini meta-analiz yontemi ile incelemis ve alt boyutlarindan birini ¢alisma 6rneklemlerinin egitim kademesi
olarak belirlemistir. Orneklemini ilkdgretim ogrencilerinin olusturdugu g¢alismalarin birlestirilmesi ile etki
biiyiikliigii hesaplanmig ve 0,872 olarak bulunmustur. Thalheimer ve Cook (2002) siniflandirmasina gore
bilgisayar destekli matematik dgretiminin akademik bagariya etkisi yiiksek diizeyde ¢ikmustir. Yiiriitiilen meta-
analiz ¢aligmasinin bulgularina bakildiginda ise 6rneklemini ilkdgretim 6grencilerinin olusturdugu c¢alismalarin
etki biiyiikligii 0,765 olarak hesaplanmigtir. Thalheimer ve Cook (2002) siniflandirmasina goére yiiksek diizeyde
oldugu belirlenmistir. Bu durumdan hareketle Demir (2013) ve Sungur’un (2015) ¢aligmasinin bulgulan ile
yiiriitiilen meta-analiz ¢aligmalarinin bulgularinin birbirini destekler nitelikte oldugu sdylenebilir.

Demir (2013) calismasinda meta-analize dahil ettigi ¢alismalart orneklem tiirlerine goére incelemistir.
Ortaokul 6grencilerinin 6rneklemini olusturdugu calismalarin etki biiyikligii 0,778 olarak bulunmustur ve
Thalheimer ve Cook (2002) smiflandirmasina gore yiiksek diizeyde oldugu ifade edilmistir. Yiiriitiilen ¢alisma
kapsaminda ise ortaokul dgrencilerinin 6rneklemini olusturdugu ¢alismalarin genel etki biiyiikliigii 0,708 olarak
hesaplanmis ve Thalheimer ve Cook (2002) siniflandirmasina gore orta seviyede oldugu belirtilmistir. Her ne
kadar smiflandirmalar1 farkli olsa da caligmalarin etki biiytiklikleri birbirine olduk¢a yakin oldugu igin
bulgularin birbirini destekler nitelikte oldugu soylenebilir. Literatiirde yer alan bir bagka meta-analiz
calismasinda Lein (2016) alt boyutlarinin birinde Orneklemi iki gruba ayirarak genel etki biiyiikligiini
hesaplamigtir. Katilimcilarinin biiytik bir boliimiinii ilkogretim 6grencilerinin olusturdugu ¢aligmalarin genel etki
biiytikligii 1,12 olarak hesaplanirken, katilimcilarinin bilylik bir boliimiinii lise 6grencilerinin olusturdugu
calismalarin genel etki biiylikliigii 0,61 olarak hesaplamistir. Thalheimer ve Cook (2002) smiflandirmasina gore
agirlikli olarak ilkdgretim Ogrencilerinin olusturdugu ¢aligmalarin etki biiytikligl yiiksek seviyede ¢ikarken,
katilimcilarin biiyiik bir ¢gogunlugunun lise 6grencilerinin olusturdugu c¢alismalarin genel etki biiyiikligi orta
diizeyde ¢cikmustir. Yiiriitiilen meta-analiz ¢alismasinin bulgularinda da ortaokul 6grencilerinin bilgisayar destekli
matematik 6gretiminin matematik dersindeki akademik basarisi tizerindeki etkisi Thalheimer ve Cook (2002)
smiflandirmasina gore lise Ogrencilerine gore daha yiiksek c¢ikmistir. Bu agidan bakildiginda yiiriitiilen
¢alismanin bulgusu ile Lein (2016) ¢alismasinin bulgusu birbirini destekler niteliktedir.

Literatiirde yer alan bilgisayar destekli matematik 6gretiminin matematik dersindeki akademik basarist
tizerine etkisini aragtiran ¢aligmalar meta-analiz yontemi ile birlestirilmistir. Bu birlesme sonucunda elde edilen
gelen etki biiyiikliigti Thalheimer ve Cook (2002) simiflandirmasina goére orta diizeyde oldugu belirlenmistir.
Meta-analiz bulgularindan hareketle bilgisayar destekli matematik 6gretiminin matematik dersindeki akademik
basariy1 olumlu yonde etkiledigi sonucuna ulasilmistir.

Arastirmanin moderatorlerinden biri olan uygulama konularinda geometri ve istatistik konularinda bilgisayar
destekli matematik 6gretiminin daha etkili oldugu sonucuna ulasilmistir. Bagka bir ifade ile bilgisayar destekli
matematik 6gretiminin 6zellikle geometri ve istatistik konularindaki akademik basarinin daha biiyiik bir etkiye
sahip oldugu sonucuna ulasilmistir. Bu sonuca ek olarak, uygulama konularina gore bilgisayar destekli
matematik 6gretiminin akademik basariya etkisinin degistigi ifade edilebilir.

Arastirmanin bir bagka moderatdrii olan érneklemin egitim kademesinde ise katilimcilarin yaslarinin artmasi
ile bilgisayar destekli matematik 6gretiminin matematik dersindeki akademik basaristya etkisinin ters orantili
oldugu sonucuna ulagilmigtir. Baska bir ifade ile katilimcilarin yaglari biiyiidiikce, bilgisayar destekli matematik
Ogretiminin matematik dersindeki akademik bagariya etkisini kaybettigi belirlenmistir. Bu sonuca ek olarak,
bilgisayar destekli matematik 6gretiminin matematik dersindeki akademik basar1 iizerindeki etkisinin 6rneklemin
egitim kademesine gore degistigi ifade edilebilir.
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Caligma kapsaminda ulasilan sonuglardan bir tanesi 6gretim diizeyi arttikca bilgisayar destekli matematik
Ogretiminin matematik dersindeki akademik basari {izerindeki etkisinin artmasidir. Bu sonuca bagli olarak
ozellikle ilkdgretim ve ortaokul kademesinde ¢alisan 6gretmen adaylariin bilgisayar destekli 6gretime daha ¢ok
yer vermesi tavsiye edilmektedir.

Aragtirmanin dahil etme kriterlerinden bir tanesi dil kriteridir. Calisma kapsaminda Tiirkge ve Ingilizce
dillerinde yazilmis ¢aligmalar meta-analize dahil edilmistir. Bununla birlikte literatiirde yer alan Almanya,
Fransa, Hollanda, Italya, ispanya, Finlandiya, Rusya gibi iilkelerde ozellikle de Uzakdogu iilkelerinde
yayimlanan tezler bu arastirmanin disinda birakilmistir. Bu nedenle ozellikle yurt disinda farkli dillerde
yayimlanan tezlerin ¢evirisini yapabilecek bir ekip ile bir proje kapsaminda bilgisayar destekli matematik
Ogretiminin matematik dersindeki akademik basari iizerindeki etkisi daha kapsamli bir sekilde arastirilabilir.
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Appendix 1. Effect sizes of individual studies

Study Name Hedges's g SE Variance Study Name Hedges's g SE Variance
2011, Selguk Firat 3.731 0.348 0.121 2016, Seving Tag 2 0.609 0.255 0.065
2010, Sinem Budak 2.632 0.350 0.123 2015, Shalette Ashman-East 0.601 0.377 0.142
2000, Mei Chen_2 2.421 0.355 0.126 2008, Clarence Rodney Stuart_2 0.601 0.300 0.090
2011, Emine Tayan 2.347 0.341 0.117 2007, Muharrem Aktiimen 0.591 0.293 0.086
2016, Hilal Giines 1.846 0.306 0.093 2014, Fahrettin Agict 0.587 0.256 0.066
2011, Yilmaz Zengin 1.606 0.318 0.101 2010, Hiiseyin Avni Sataf 0.587 0.296 0.088
2014, Hatice Balci Seker 1.553 0.319 0.102 2014, Ming Chen_2 0.556 0.498 0.248
2002, Siileyman Alpaslan Sulak 1.530 0.259 0.067 2015, Amy Dawn Fanusi_2 0.488 0.121 0.015
2010, Nazife Sen_1 1511 0.382 0.146 2010, Galip Geng 0.484 0.240 0.058
2015, Fatih Kiislii 1510 0.305 0.093 2007, Mithat Takunyact 0.468 0.360 0.130
2015, Mustafa Aydos 1.489 0.383 0.146 2015, Hilal Kalay 0.431 0.216 0.047
2015, Deniz Kaya 1.443 0.287 0.082 2009, Mehmet Bulut 0.392 0.302 0.091
2012, Metehan Mercan 1.418 0.362 0.131 2015, Amy Dawn Fanusi_1 0.371 0.121 0.015
2007, Giiler Tuluk 1.357 0.396 0.157 2008, Clarence Rodney Stuart_1 0.368 0.286 0.082
2016, Seving Tag_1 1.351 0.274 0.075 2002, Muharrem Aktiimen 0.350 0.281 0.079
2014, Alev Akgiil 1 1.305 0.393 0.155 2010, Unal Cakiroglu 2 0.342 0.281 0.079
2011, Semra Bayturan 1.301 0.281 0.079 2002, Paige S. Hamersma 0.331 0.246 0.060
2015, Hatice Acar 1.226 0.361 0.131 2008, Cindy Cosentino 0.315 0.213 0.045
2014, Alev Akgiil 2 1.201 0.401 0.160 2001, S. Asli Ozgun-Koca_1 0.310 0.519 0.269
2015, Paul Alan Pelech 1 1.135 0.357 0.127 2014, Ming Chen_3 0.308 0.357 0.128
2012, Turgay Andi¢ 1.119 0.361 0.131 2005, John E. Ash 0.280 0.111 0.012
2014, Pmar Uzun 1.089 0.327 0.107 2012, Nilgun Gunbas 0.267 0.216 0.047
2007, Murat GOKCUL 1.068 0.329 0.108 2006, Christi A. Harter 0.267 0.202 0.041
2014, Mustafa Bugra Akgiil 1.016 0.357 0.127 2012, Betiil Oztiirk 1 0.261 0.274 0.075
2015, Muhsin Oz 1.000 0.345 0.119 2012, Betiil Oztiirk 2 0.259 0.273 0.076
2008, Olga Pilli_2 1.000 0.283 0.080 2004, Alejandro A Lugo 0.236 0.210 0.044
2011, Mesut Oztiirk 2 0.994 0.314 0.099 2011, Brian B. Abel 0.215 0.063 0.004
2015, Yilmaz Zengin 0.908 0.275 0.076 2015, Paul Alan Pelech 3 0.207 0.291 0.084
2010, Ertan Ozkok 0.876 0.284 0.081 2010, Ben Fields Johnson_3 0.189 0.269 0.072
2012, Hasibe Yahsi-Sar1_1 0.866 0.297 0.088 2001, S. Asli Ozgun-Koca_2 0.187 0.517 0.267
2015, Paul Alan Pelech_2 0.850 0.351 0.123 2010, Ben Fields Johnson_5 0.114 0.274 0.075
2015, Tiirkan Berrin Kagizmanl 0.813 0.246 0.061 2013, Neslihan Uzun 0.109 0.340 0.116
2012, Hasibe Yahsi-Sar1 2 0.799 0.295 0.087 2001, Leroy Linton Rose_3 0.104 0.264 0.070
2009, Deniz Ozen 0.798 0.323 0.104 2010, Ben Fields Johnson_4 0.079 0.299 0.089
2009, Zeynep Yildiz 0.788 0.301 0.091 2014, Ming Chen_1 0.074 0.487 0.237
2011, Derya Ozlem Yazlik 0.774 0.178 0.032 2000, Teong Su Kwang_2 0.018 0.278 0.078
2012, Emine Basaran-Simsek 0.759 0.347 0.121 2010, Ben Fields Johnson_2 0.000 0.270 0.073
2010, Sunil Patel 0.738 0.130 0.017 2011, Mesut Oztiirk_1 -0.004 0.296 0.088
2015, Nina Newsome_2 0.736 0.275 0.076 2010, Kris A. Gravitt -0.062 0.165 0.027
2000, Teong Su Kwang_1 0.733 0.288 0.083 2010, Ben Fields Johnson_6 -0.091 0.252 0.064
2015, Nina Newsome_1 0.728 0.275 0.076 2005, John Stephen Rosales -0.115 0.082 0.007
2015, Veysel Akgakin 2 0.713 0.267 0.072 2010, Ben Fields Johnson_1 -0.160 0.268 0.072
2013, Thsan Balkan 0.711 0.333 0.111 2008, Kristy M. Vernille Blocklin -0.171 0.192 0.037
2010, Unal Cakiroglu 1 0.706 0.287 0.083 2016, Adewale Oluwafemi Adesina -0.195 0.315 0.099
2008, Hiiseyin Cumhur Egelioglu 0.699 0.367 0.134 2001, Thomas A. Haapoja -0.242 0.251 0.063
2008, Clarence Rodney Stuart_3 0.695 0.302 0.091 2010, Nazife Sen 2 -0.313 0.337 0.114
2015, Veysel Akgakin 1 0.693 0.267 0.071 2005, Tina Renee Cannon -0.317 0.103 0.011
2008, Olga Pilli_3 0.692 0.274 0.075 2007, Yilmaz Aksoy -0.366 0.305 0.093
2014, Alev Akgiil 3 0.688 0.327 0.107 2014, Sharon O’Brien -0.405 0.157 0.025
2008, Ozge Karakus 0.668 0.215 0.046 2000, Mei Chen_1 -0.422 0.271 0.074
2011, Ceyda Yiicesan 0.653 0.292 0.085 2001, Leroy Linton Rose_2 -0.532 0.268 0.072
2010, Omer Faruk Mese 0.641 0.268 0.072 2001, Gregory Kent Harrell -0.552 0.153 0.024
2008, Olga Pilli_1 0.620 0.273 0.074 2004, Sule Cubuk -0.558 0.260 0.068
2013, Tugge Gengoglu -0.855 0.372 0.138 2001, Leroy Linton Rose_1 -0.604 0.270 0.073
2004, Douglas Edwin Bump -0.924 0.182 0.033
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