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A Meta-Analytic Study Concerning the Effect of Computer-
Based Teaching on Academic Success in Turkey
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Abstract

This research aims to investigate the effect of computer-based teaching (CBT) on students’” academic success. The
research used a meta-analytic method to reach a general conclusion by statistically calculating the results of a
number of independent studies. In total, 78 studies (62 master’s theses, 4 PhD theses, and 12 articles) concerning
this issue were researched based on the literature review of the articles and theses which involved pre-test and
post-test control groups and were conducted in Turkey between 2006 and 2014. The CMA and MetaWin statistical
programs were used to calculate the effect sizes and variations for comparing the groups with regard to each study
in the context of the meta-analysis. The effect size for the 78 studies was calculated as ES=1.13 based on analysis
using the random effects model. This value is large, positive, and significant. Aside from this, the mean effect sizes
of the CBT were large with regard to the independent variables such as grades level, subject area, types of course,
implementation period, and publication year. As a result, it can be seen that the effect of CBT in terms of academic
success was high and more successful than traditional teaching methods.
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It is known that a number of countries regard ed-
ucation as crucial for improving their current situ-
ation in every respect and moving it a step further
in the information age of the 21* Century. In this
context, the developments which have occurred in
information technology have given students fast
and easy access to information, which has made
a great contribution to education systems (Aslan,
2006, p. 122). These developments have also en-
abled audio-visual aids such as animations and
simulations to be used commonly in educational
contexts. As a result of the applications of infor-
mation and communication technologies in edu-
cation systems, computer-based teaching (CBT)
has emerged (Mayer & Moreno, 2002, p. 107; Se-
rin, 2011, p. 183). CBT has been defined in a vari-
ety ways, such as educational contents or activities
being conveyed through the computer (Hannafin
& Peck, 1989 as cited in Giiven & Siiliin, 2012, p.
69) or benefitting from computer technologies to
carry out educational activities such as presenting
course contents, reinforcing what has been learned,
or solving problems (Camnalbur, 2008, p. 9). Ac-
cording to Chojo, Anthony, Oghigian, and Uchi-
bori (2012, p. 133) and Saminathan (2012, p. 166),
CBT is a teaching and learning option that involves
an educational dialogue between computer and stu-
dent. However, the computer which is used to teach
should be regarded as a complementary and sup-
portive part of the educational process, not as an
alternative to the teacher. Park and Hannafin (1993
as cited in Somyiirek & Yalin, 2007) indicated that
education systems are functional as long as they
meet students’ needs and individual diversities. In
this regard, CBT generates techniques and methods
with regard to individual diversities, inputs, and
information processes by providing good oppor-
tunities during the teaching process and enabling
a change of expectations in the context of learning
(p. 588). Additionally, a number of studies (Abu-
Seileek & Rabab’ah, 2007; Bakar, 2007; Cavalier &
Klein, 1998; Lee, 2012) have confirmed that stu-
dents’ academic success has increased through the
use of computers which provide rich content and
visual-based applications. In this context, many
studies have been conducted to increase academic
success. However, fsman (2001, p. 21) stressed that
many factors need to be taken into account, such
as a school’s financial situation, teachers’ general
characteristics, target behaviors, clear and specific
program licenses, the most convenient placement
of computers in laboratories in regard to windows,
light, temperature, cleaning, and so on. Meta-ana-
lytical studies concerning CBT in the national and
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international arena were examined and their results
are also provided in this study. It was seen in the
meta-analysis concerning computer-based teach-
ing of foreign language by Tomakin and Yesilyurt
(2013) that foreign language teaching, which makes
use of CBT, has a significant advantage. On the
whole, the effect of technology on students’ success
turned out to be greater than expected in the me-
ta-analytic study concerning the effect of the use of
technology on the teaching and learning process in
students” success by Cheung and Slavin (2011).

On the other hand, it was seen that there were sig-
nificant differences between students who got their
training thorough CBT and those who had not with
regard to course acquisitions in some studies dealing
with the effect of CBT on students’ success (Kiyic1 &
Yumugsak, 2005, p. 131). Buchanan (2000 as cited in
Zhang, Duan, Fu, Wang, & Zhang, 2010) particularly
stressed that the CBT approach had caused a change
in teachers’ and students’ roles from traditional
teaching and learning methods to being more active
and individualistic. Lowe (2004, p. 53) got more suc-
cessful results when he compared it to the traditional
teaching approach. We understand that computers
present rich content, enabling students to be more
enthusiastic with learning, to practice more, and to
retain more permanent learning (Young, 2003).

Recently, computer-based learning has been increas-
ingly used in more and more studies that are conduct-
ed. AbuSeileek and Rababah (2007, p. 59) suggested
that computer-based learning enables students to
learn by making self-assessment and self-reflection,
providing them with immediate feedback and rein-
forcement, thereby making learning easy for them.
From the results of the study, one can understand
that CBT increases students’ success by making the
learning context more interesting and diversifying it
with interesting game activities. The reason for this
is that CBT gives a chance for every student to learn
at their own pace, with their own techniques, and in
one sense this individualizes the learning experience
(Senemoglu, 2003 as cited in Serin, 2011, p. 183).
On the other hand, teachers in traditional teaching
contexts are supposed to teach targeted subjects to
a number of students who largely show differences
with regard to personal aspects and academic levels.
In this regard, however, some students understand
subjects quickly and are bored the rest of the time
while others are left behind and have to try to catch
up to learn (Camnalbur, 2008, p. 15). To reach effec-
tive results with CBT, well-planned and developed
computer programs, internet connections, clear and
specific instructions, and teachers competent in the
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use of computers are required (Bakar, 2007, p. 34).
In addition to this, students are also required to have
prior knowledge of computer use and must come to
class well-prepared, because in one sense CBT de-
pends on the students’ integration of technologies
with the instructional content (Barger & Byrd, 2011,
p- 7). In this way, it can be thought that individual
differences amongst students can be removed and
they can learn well by taking precautions and being
supplied with well-prepared computer programs.

As a result, commonly used items in the 19" Cen-
tury such as chalk-boards and book-desks now
seem to have been replaced with computer-based,
learner-centered, research-based activities which
are now currently required for the objectives of
instructional programs (Roschelle, Pea, Hoadley,
Gordin, & Mean, 2000, p. 76). As a result of the
literature review, a number of meta-analytic stud-
ies with regard to CBT were examined in Turkey
(Dinger & Giiglii, 2013; Tekbiyik & Akdeniz, 2010;
Tomakin & Yesilyurt, 2013) and abroad (Akuka,
Wambugu, & Anditi, 2013; Cheung & Slavin, 2011;
Lai, 2014; Waxman, Lin, & Michko, 2003). In these
studies, the effect of CBT on students’ success has
been positive. Therefore, this study was carried out
to investigate to what extent CBT is effective for
students’ success with regard to several variables
in Turkey such as grade level, subject area, course
type, implementation period, and publication year.

The Purpose and Importance of the Research

This study aims to investigate the effect of CBT, an
alternative to traditional teaching methods, on stu-
dents” academic success by using the meta-analytic
method. At this point, it can be stated that the role
of computers in education is undeniable. Computer
and touch-oriented technologies, such as smart tab-
lets, are increasingly being used in education, based
on the review of databases in Turkey and abroad in
recent years (Burke, 2010; Lacina, 2009; Mechling,
Gast, & Krupa, 2007; Tiirel, 2011; Yildiz & Tiifekgi,
2012). When computer-related studies are examined
according to publication year, it can be seen that few-
er studies have been conducted between 2012 and
2014 (Table 7). It is significant to discover that there
hasn’t been a study conducted in 2015 that includes
the criteria of the current research, and an analysis
of studies carried out in Turkey have not been made
in terms of a moderator analysis. So an investigation
was required to find out to what extent CBT is ef-
fective for students’ academic success with regard to
the variables of grade level, subject area, course type,
implementation period, and publication year follow-

ing the integration of the computer into education.
This study was conducted to contribute to the relat-
ed literature by examining with regard to academic
success the meta-analytic effect of computers, which
have become a necessary part of the teaching process
in the current era of changing technology.

Method

In this research, a meta-analytic method was used
to calculate the effect size of CBT on academic suc-
cess. This meta-analytic method, known as analysis
of the analysis, was used to reach a general con-
clusion by statistically calculating the results of a
number of independent studies (Glass, 1976, p. 3).
Whitehead (2002 as cited in Kiigiikonder, 2007) de-
fines meta-analysis as a holistic re-evaluation of the
studies that have been conducted in different places
and times by different people. With this method,
the aim is to increase the reliability of results by ex-
panding the sample size, shedding light for other
researchers and predicting parameters by deter-
mining effect sizes. Apart from this, data has to be
combined to create a common denominator of data
after being retrieved from the research which has
been conducted continuously ($ahin, 2005). There-
fore, the role of meta-analysis in this research is to
combine the data up to this point.

Population and Sampling

The population of this research consists of the ar-
ticles and theses which were published in the con-
text of CBT in Turkey and abroad. The sampling of
the research is composed of the articles and theses
which were permitted to be examined with regard
to CBT in the databases of ProQuest dissertations
and theses (PQDT), the Council of Higher Educa-
tion National Thesis Center, Google Scholar, Eb-
scohost-Eric, Ebscohost-Professional Development
Collection, Taylor and Francis Online Journals,
and ScienceDirect between 2006 and 2014. The re-
searcher did not use any sampling method as the
aim is to reach the whole group of sampling in the
research. 78 studies in total which met the criteria
of the current research were included.

Data Collection

Theses and articles with regard to CBT which
were conducted in Turkey were used in this study.
The key words “computer-based instruction” and
“computer-aided teaching” were searched both
in Turkish and English in the related databases.
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As the number of bulletins presented at scientific
activities such as congresses and symposiums was
insufficient, these studies were not analyzed. As a
result of the literature review, 592 studies including
412 master’s theses, 64 PhD theses, and 116 articles
were examined. As some of these studies were not
experimental, they were excluded from the research
data. In conclusion, the necessary research was
conducted and 78 studies which had been imple-
mented with regard to the effect of CBT on academ-
ic success were included in the meta-analysis.

Criteria for the Inclusion of Studies

As a result of the literature review, studies were as-
sessed as to whether they were appropriate for inclu-
sion in this study based on the following criteria: the
studies were conducted within the past eight years
(2006-2014); the reported sample size (n), arithmetic
mean (X), and standard deviation (sd) values of the
experimental and control groups were used to calcu-
late effect sizes; a CBT method and pretest-posttest
control procedures were used; the effect of the related
method on students’ academic success was investi-
gated; they were conducted in Turkey; and they were
published both nationally and internationally. In other
words, if the studies did not use a pretest and posttest
control group model and were not eligible due to the
above-mentioned criteria, they were excluded from
the 592 studies. The sampling of the study consisted
of 78 studies. Some studies were not included in the
meta-analysis on account of being outside the mar-
gins of the present study: they had differences with
regard to methodology, did not involve the necessary
descriptive data for meta-analysis, were qualitative
rather than quantitative, or were not appropriate for
the criteria regarding the population or sampling size.

Encoding Method

A general coding was conducted to show all the
characteristics of the studies involved in the me-
ta-analysis to make comparisons. The coding meth-
od in this study was composed of two main headings
and nine questions. In the first part “Study Identity”
there were six questions and some information such
as number and title of the study, names of the au-
thors, the year and province of study, and so forth,
which were provided for identifying the study. Three
questions were involved in the section “Study Data””
The sampling size for the experimental and control
groups, and descriptive statistics such as means and
standard deviations are given in this section.
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Dependent Variables

The effect sizes of the studies involved in the me-
ta-analysis with regard to the effect of CBT on
academic success were accepted as dependent
variables. Effect sizes were standardized values for
different scales in each study (Bernard et al., 2004).

Study Characteristics

Independent variables in the meta-analysis were
expressed as study characteristics and were coded
to evaluate the relations between effect sizes and in-
dependent variables (Tarim, 2003). In this research,
the study characteristics were to determine the ef-
fect of CBT with regard to the variables of grade
level, subject area, course type, implementation pe-
riod, and publication year, respectively.

Data Analysis

The studies in the meta-analysis were examined to
determine effect sizes, and the findings regarding ef-
fect sizes were tested heterogeneously through right
modeling. A moderator analysis (sub-group) was con-
ducted to reach the heterogeneous source. Therefore,
the chi-square heterogeneity test (Q statistics) with
(k-1) degree of freedom as developed by Cochran
(1992), which is the most common approach among
heterogeneous tests, was used. Through this test, a
null hypothesis for evaluating the same effect for all
studies in the meta-analysis was assessed (Higgins,
Thompson, Deeks, & Altman, 2003). The study-effect
meta-analytic method was used for the statistical data
analysis. The purpose of this was to calculate the mean
differences, known as d = (X -X )/SD in experimental
studies, between the experimental and control groups
(Hunter & Schmidt, 1990 as cited in Camnalbur & Er-
dogan, 2008). Hedges’ d was used for the calculation.
This “d” value expresses the effect size and constitutes
the basic structure of the meta-analysis. A random
effects model (REM) was used to combine effect size
values in the treatment effect. The distribution of the
overall effect sizes with regard to the fixed effects
model (FEM) was determined to be heterogeneous (Q
=563.09, df = 77, p < .05). In other words, REM was
used as the effect-size variation for the study, which
was higher than the change stemming from simple
random error (Borenstein, Hedges, Higgins, & Roth-
stein, 2009; Dersimonian & Liard, 1986). The analyses
were conducted according to REM because the dis-
tribution of the study was heterogeneous. In this way,
the study aimed to remove illusions originating from
the heterogeneous sampling (Demirel, 2005; Yildiz,
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2002). Some classifications were made to interpret
the importance of the effect sizes obtained from the
meta-analytic results. This study was implemented us-
ing Cohen’s (1992, p. 99) effect sizes classification. Ac-
cording to this classification, the values for effect sizes
are as follows: small, between .20 and .50; medium, be-
tween .50 and .80; and large, over .80. Aside from this,
the Comprehensive Meta Analysis (CMA) statistical
program, MetaWin package program, and Microsoft
Excel 2010 Office program were used to calculate
the effect sizes for each study, to find variations, and
to compare groups. The coding reliability value was
determined for the reviewed studies by the assessors.
For this purpose, the studies were examined by an-
other reader of good academic background and with
competency in a related field. The results were written
into an article evaluation form. Later, the two readers’
comments were compared and the consistency of the
comments was examined. The reliability outcome was
carried out according to the inter-rater reliability cal-
culation formula (consensus / (consensus + disagree-
ment) x 100) by Miles and Huberman (1994) and the
reliability outcome was found to be 100%.

Findings

In this section of the paper, the findings related to
the meta-analytic review on CBT were examined.
Primarily, this is the descriptive information from
the meta-analysis after which the calculated effect

sizes are presented. Moreover, the researcher inves-
tigated whether there were any changes in the sub-
categories. The following are the results of studies
conducted in Turkey which considered the ques-
tion as to whether there was any effect of CBT on
the academic success of students compared to tra-
ditional methods, and if there was, to what extent
or on which sub-themes did it have this effect. The
level of significance in the study was determined to
be 0.05; the significance levels of the studies includ-
ed in the meta-analysis were also found to be 0.05.
In the meta-analytic review, based on the results
of the literature review, 62 MA theses, 4 PhD the-
ses, and 12 articles were able to provide mean and
standard deviation values concerning CBT. In total,
78 studies were examined concerning the effect of
CBT on academic success. It can be identified that
the experimental group included 2,648 students,
while the control group included 2,636 after con-
sideration of the studies as a whole.

In Table 1, grade level, subject area, publication
type, implementation period, course type by grades
level, and frequency and percentage values of the
studies included in the meta-analysis were present-
ed. When grade level is considered in Table 1, it is
recognized that most of the studies were conducted
in secondary schools (53.85%), then in universities
(19.23%) and high schools (15.38%), while the few-
est were in primary schools (11.54%). On the other
hand, in terms of subject area, most of the studies

Table 1

Frequency and Percentage Values for Categorical Independent Variables of the Studies on the Effect of a CBT Method on Academic

Success Scores

Variables (f) (%) Variables (f) (%)
Grade Level Publication Type

Primary School 9 11.54%  MA/PhD Theses 62/4 79.49% / 5.13%
Secondary School 42 53.85%  Article 12 15.38%
High School 12 15.38%  Course types in primary, secondary, high schools and universities,
University 15 19.23%

Subject Area Course Type (f) (%)
Science 32 41.02%  Science 8 10.26%
Mathematics 17 21.79%  Social Studies 7 8.97%
Social Sciences 13 16.67%  Science and Technology 14 17.95%
Foreign Language 1 1.28% Mathematics 17 21.79%
Others* 15 19.23%  Physics 5 6.41%
Implementation Period (in weeks) Turkish 3 3.85%
2 to 4 weeks 29 37.18%  Course type for universities

5t06 13 16.67%

7to8 3 3.85% Chemistry 2 2.56%
9to 18 10 12.82% Biology 3 3.85%
Unspecified 15 19.23%  Physics 5 6.41%
ODCH ** 8 10.26%  English 2 2.56%

*Including undergraduate lessons.
** The ones defined as course hours
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were conducted in the field of science (32 studies at
41.02%), then mathematics (17 studies at 21.79%).
In relation to the implementation period, most of
the studies examining the academic success scores
of students were in the two-to-four week period (78
studies at 37.18%), and the fewest were in the sev-
en-to-eight week period (3.85%).

Table 1 shows the results of the studies in terms of
publication type. The studies consisted of articles
(15.38%), MA theses (79.49%), and PhD theses
(5.13%). When the distribution of studies was an-
alyzed with regard to the types of courses by grade
level, it was observed that there were 17 studies
in mathematics (21.79%), 14 in science and tech-
nology (17.95%), seven in social sciences (8.97%),
and three in computer and information technolo-
gies (3.85%). These in particular were chosen for
the study among the types of courses in primary
schools, secondary schools, and high schools. Biol-
ogy III (3.85%) and Physics III (6.41%) were also
included in the meta-analysis as undergraduate
courses. In addition, there were some courses not
indicated in Table 1 but which contributed to the
study. These were biology, chemistry, technical
arts, geography, visual arts, and the History of the
Revolution and Kemalism. Also for undergraduate
courses there were computer hardware, arts educa-
tion, and statistics classes.

Table 2 shows a 95% significance level from the
Chi-square table with a critical value of 77 degrees
of freedom at 98.49. As the distribution of X* with
regard to 77 degrees of freedom with a Q statistical
value exceeds the critical value (sz_%) =98.49), the
homogeneity of effect-size distribution was reject-
ed according to the FEM. In other words, it was
determined that the distribution of the effect size
was heterogeneous. After the Q statistical value was
seen as significant, it was thought that the variance
of the study’s effect sizes was larger than can be ex-
plained by sampling error (Ozcan, 2008).

As the homogeneity test of the studies in the me-
ta-analysis was higher than expected and was ac-
cepted as heterogeneous, the analyses were carried
out in accordance with REM. In order to find out
whether the reason for heterogeneity was due to a

sampling error or from having different variations
due to sampling errors, studies were divided into
groups and analyzed. Based on the analyses of the
78 studies included in the meta-analytic review, the
standard error was .08 and the upper limit for 95%
of the confidence interval was 1.29, while the lower
limit was .97 and the effect size was 1.13. The effect
size value was large according to Cohen’s (1992)
classification and accordingly it can be specified that
using CBT had a positive effect on academic success.

The Efficiency of CBT Considering the Teaching
Grades of Studies

The studies were divided into four different cate-
gories (primary schools, secondary schools, high
schools, and universities) with a view to determine
the effect of grade level in the samples on mean ef-
fect size. Analysis results in terms of these groups
are presented in Table 3. When considering the
effect of CBT on academic success with regard to
grade level, the largest effect size was seen in sec-
ondary schools with a value of 1.31, while the low-
est was in primary schools with a .66 value. The
mean effect size for groups was .95. In other words,
it was observed that all groups had large effect sizes
except for primary schools (ES = Medium).

Table 3
Effect Sizes of Studies in Terms of Grade Level

% 95 Confidence
Interval

School Level N ES Level of ES
Lower  Upper
Limit ~ Limit
Primary 9 .66 48 .85 Medium
Secondary 42 131 109 1.53 Large
High School 12 1.04 .57 1.50 Large
University 15 1.02 .61 1.43 Large
Total 78 .95 .83 1.08 Large

Q,=19.60, Z = 14.44, df = 3, ES: Effect Size.

The homogeneity test of the intergroup derived
from the results of analysis in Table 3 indicates that
the Q, value was 19.60. The critical value from the
X2 table at a 95% significance level and 3 degrees
of freedom is 7.81 (Xz(ws) = 7.81). As the Q statis-
tical value (Q, = 19.60) with 3 degrees of freedom

Table 2

Homogeneity Values, Mean Effect Sizes, and Confidence Intervals in Effect Models of the Studies Included in the Meta-Analysis

95% Confidence Intervals

Type of Model N z Q ES SE

Lower Limit Upper Limit
FEM 78 33.32 563.09 .99 .03 .93 1.05
REM 78 13.80 124.45 1.13 .08 .97 1.29

Preagt 00, Py -00.
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was greater than the critical value (XZ(O%) =7.81) of
the X distribution, the distribution of effect sizes
in this collection of studies is considered heteroge-
neous. Thus, following the division of studies into
groups in terms of grade level, the intergroup effect
size (Q, = 19.60; p < .05) showed that there was a
significant difference among the groups.

The Efficiency of CBT Considering Subject Area
of the Studies

For the purpose of determining the effect of subject
area on the mean effect size, studies were divided
into four different categories in terms of subject
area: science (physics, chemistry, biology, science,
science and technology, computers, and commu-
nication technologies), mathematics (math), social
sciences (social studies, Turkish, geography, visual
arts, and the History of the Revolution and Kemal-
ism), and others (undergraduate courses: chemis-
try, biology, physics and computer hardware, arts
education, statistics, and English). As only one
study was found in the field of foreign languages
at the grade level of secondary schools, it was not
included in the analysis. Table 4 summarizes the
outcomes of analysis regarding these groups. When
the effect of CBT on academic success in respect to
this subject area is taken into account, all subject
areas including the mean effect size for the subject
area were recognized as having a large effect size.

Table 4
Effect Sizes of Studies in Terms of Subject Area
% 95 Confi-

dence Interval
Subject Area N S ——— Level of ES

Lower Upper

Limit  Limit
Science 32 L1491 1.37 Large
Mathematics 17 106 .75 1.37 Large
Social Sciences 13 111 .70 1.51 Large
Others 15 102 .61 1.43 Large
Total 77 110 .94 1.25 Large

Q,=.30,Z=13.86,df = 3.

On the other hand, the intergroup homogeneity test
value was seen as Q,= .30 in Table 4. With a 95%
significance level from the X* table and 3 degrees of
freedom, the critical value was determined at 7.81
(XZ(O_%) = 7.81). Since the Q, statistical value (Q,=
.30) with 3 degrees of freedom is smaller than the
critical value of the X? distribution (XZ(O'%) =7.81),
the homogeneity hypothesis belonging to the dis-
tribution of effect sizes was accepted for FEM. Thus,
when the studies in the analysis were categorized
into groups with regard to subject area and their ef-

fect sizes were considered, no significant difference
was found in terms of subject area (Z = 13.86; p >
.05). In other words, academic success in the cours-
es based on CBT did not show a change depending
on subject area. Therefore, it can be stated that the
method under consideration had a similarly con-
siderable effect on all groups.

The Efficiency of CBT Considering Course Type
in the Studies

The researcher primarily preferred to include the
courses reached in a sufficient number of studies in
order to view whether the effect size of the CBT di-
versified or not with regard to the type of course. A
sufficient number of studies were conducted in ele-
mentary and secondary schools, and thus were divid-
ed into four different groups: science, social studies,
science and technology, and mathematics. The anal-
ysis results of the types of courses as determined by
the four groups are presented in Table 4. According to
these results, the largest effect size was seen in social
studies (1.54), while the lowest one was with math-
ematics (1.06). A general analysis for the effect sizes
of studies by type of course demonstrated that in all
types of courses, the mean effect size was ES = 1.19.

Table 5
Effect Sizes of Studies in Terms of Course Type
% 95 Confi-

dence Interval
Courses N ES —— Level of ES

Lower Upper

Limit ~ Limit
Science 8 127 073 1.81 Large
Social Sciences 7 154 091 2.16 Large
Science and 4150 094 1.46 Large
Technology
Mathematics 17 1.06 0.75 1.37 Large
Total 46 1.19 1.01 1.37 Large

Q,=1.94,Z=13.03,df = 3.

Table 5 summarizes the results of the analysis, with
the Q statistical value being 1.938 following the
homogeneity test. The critical value from the X?
table at a 95% significance level with 3 degrees of
freedom was calculated to be 7.81. In this calcula-
tion, as the critical value (Xz(o_%) = 7.81) was identi-
fied to be greater than the Q, statistical value (Q,
= 1.94), the homogeneity hypothesis belonging to
the distribution of effect sizes was admitted into
FEM. In other words, the distribution seemed to
be homogeneous. In addition, no significant differ-
ence was seen in terms of the intergroup effect sizes
(Z =13.03; p > .05) when considering the type of
course. It can be inferred from this result that the
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use of CBT on academic success did not indicate
any change with regard to type of course.

The Efficiency of CBT Considering the Imple-
mentation Period

Studies were categorized into six different groups
with regard to implementation period, such as two-
to-four, five-to-six, seven-to-eight, or nine-to-eigh-
teen weeks; unspecified periods; and those defined
as “course hours” in order to determine whether the
effect size of CBT had any differences in terms of the
implementation period. Table 6 presents the analysis
outcomes of these groups in detail. All groups were
identified to have the same effect size (ES = large)
when the study periods are examined in Table 6. The
largest effect-size value was found for the nine-to-
eighteen week period (ES = 1.87), but in the five-to-
six and seven-to-eight week periods, the effect sizes
were determined to be .97 and .93, respectively.

Table 6
Effect Sizes of Studies in terms of Implementation Period
% 95 Confi-
mplementation ;g fwl—{mpl Level of ES
Limit  Limit

2-4 29 103 .78 1.29 Large
5-6 13 .97 55 1.39 Large
7-8 3 .93 .59 1.27 Large
9-18 10 1.87 119 2.55 Large
Unspecified 15 1.09 .82 1.36 Large
ODCH 8§ 119 51 1.86 Large
Total 78 107 .92 1.21 Large

Q,=6.36,Z = 1445, df = 5.

In Table 6, the homogeneity test value for the groups
in the meta-analysis appeared to be Q,= 6.36. The
critical value of the X table at a 95% significance
level with 5 degrees of freedom was 11.07. Since
the Q, statistical value in 5 degrees of freedom was
smaller than the critical value of the X* distribution
(X 95y =11.07), homogeneity was seen amongst the
effect sizes. In other words, the efficiency of CBT on
the academic success of students had no significant
difference in terms of implementation period (Z
= 14.45, p > .05). The results show that no change
was found in terms of the period the related meth-
od used in the courses for CBT. It can be stated,
therefore, that this method had a similar consider-
able effect on all groups. Moreover, as there were a
small number of studies in the seven-to-eight week
period in accordance with the criteria, information
about the current status was given instead of a defi-
nite conclusion.
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The Efficiency of CBT Considering the Publica-
tion Year of Studies

In this section of the meta-analytic review, stud-
ies were split into four groups on account of their
publication year, such as 2006 through 2007,
2008 through 2009, 2010 through 2011, and 2012
through 2014, to identify whether the effect size of
CBT had any difference with regard to the publi-
cation year of the studies. According to the results
presented in Table 7, the lowest effect size was seen
in the 2006 through 2007 publication-year group
(ES = .86). The effect sizes of the other groups were
1.10, 1.44, and 1.26, respectively, and the mean ef-
fect size was calculated at 1.12. Thus all effect sizes
were recognized to be large.

Table 7
Effect Sizes of Studies in Terms of Publication Year
% 95 Confi-

dence Interval
Publication Year N ES —————— Level of ES

Lower Upper

Limit  Limit
2006-2007 18 .86 .51 1.22 Large
2008-2009 37 1.10 .90 1.31 Large
2010-2011 15 144 1.05 1.83 Large
2012-2014 8 1.26 74 1.78 Large
Total 78 112 .97 1.28 Large

Q,=4.77,Z=14.19,df = 3.

The homogeneity test value of the intergroup achieved
from the analysis of studies in terms of publication
year was Q, = 4.77. The critical value of the X table at
the 95% significance level with 3 degrees of freedom
was 7.81. The homogeneity hypothesis belonging to
the distribution of effect sizes was accepted into FEM
for the Q, statistical value (Q, = 4.77) with 3 degrees
of freedom, which was not greater than the critical
value (XZ(O_QB) = 7.81) of the X? distribution. When the
studies included in the meta-analysis were categorized
in terms of publication year and their effect sizes were
examined, no significant difference was discovered (Z
=14.19, p > .05). This result signifies that the academ-
ic success of courses based on CBT did not change in
terms of publication year. In other words, using the
computer-based method in learning environments
had a similarly great effect on all groups in terms of
publication year.

Publication Bias

One problem that may be encountered in meta-ana-
lytic reviews is the publication bias of studies includ-
ed in the analyses. As the included studies focus on
the question of statistical significance and published
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Figure 1: Normal quantile plot.

materials, a probability of publication bias may ap-
pear in these meta-analytic studies. Rosenthal (1979)
suggested that unpublished null studies should be
added in order to create a case of insignificant re-
sults. He referred to this as the fail-safe number (N,).
The present paper had the N value of 33,896.6 with
regard to the effect of the CBT method on academic
success. In other words, 33,896 studies were required
with an effect size of zero to nullify the observed ef-
fect size of studies concerning the effect of CBT on
academic success. The fact that it is not very likely to
reach this number of studies means that the analytic
results of the present study are reliable.

Figure 1 shows a chart of the Normal Quantile Plot
using the MetaWin program. The intention was to see
whether or not the effect sizes of studies were appro-
priate to the normal distribution, rather than their dif-
ferences. Therefore, heterogeneity tests were carried
out quantitatively and controlled with the visual chart.

The chart control by which the normal distribution
can be viewed by using the MetaWin program indi-
cated the reliability of the meta-analysis. If the general
distribution of effect sizes was between the confidence
interval identified along the line X =Y, the distribu-
tion was normal (Rosenberg, Adams, & Gurevitch,
2000). In Figure 1, any large deviations in the effect
sizes were not encountered. In other words, the effect
size distribution showed a normal function as it is be-
tween the two dashed lines. Therefore, it can be stated
that there is a statistical relevance in the combination
of studies included in the meta-analysis.

Discussion

The aim of this paper is to determine the effect of
CBT on students’ academic success. For this pur-
pose, quantitative studies conducted from 2006 to

2014 regarding CBT were considered for this study.
Related to this, 592 studies (MA theses, PhD theses,
and articles) were identified. However, only those
which were applied to the pretest-posttest control
group model were chosen for the meta-analysis.
Among the studies identified, a total of 78 studies
(62 MA theses, 4 PhD theses, and 12 articles) were
included in the meta-analysis based on the inclusion
criteria, which also included being conducted in Tur-
key and published nationally and internationally.

When these 78 studies regarding the academic suc-
cess of students were viewed in terms of grade level,
subject area, implementation period, publication
year, course type by grade level, and frequency and
percentage values, most of the studies were seen to
be at the secondary school level (53.85%) for grade
level and in science (32 studies, 41.02%) when con-
sidering subject area. With regards to the imple-
mentation period, two to four weeks was the period
over which most studies were conducted (37.18%).
Moreover, most studies were MA theses (79.49%) as
far as type of publication. On the other hand, with
regard to the course area by grades level, among the
course types in primary schools, secondary schools,
and high schools, most studies were conducted in
mathematics with 15 studies (21.79%).

The meta-analytic data of the 78 studies which con-
sist of the academic success scores of students as
based on the inclusion criteria and analyses of FEM
indicate that the effect size was ES = .99 in favor of
CBT. In accordance with the meta-analytic data of
the 78 studies and analyses of REM, the standard
error was 0.08 and the upper limit for 95% of the
confidence interval was 1.29, while the lower limit
was .97 and the mean effect size was ES = 1.13. This
value is considered as large, positive, and significant
according to Cohen’s (1992) classification. Thus, it
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can be stated that the efficiency of CBT on academ-
ic success was at a considerably high level.

The results mentioned above mean that CBT has
a more successful outcome on students’ academ-
ic achievement than is the case with traditional
methods. This positive outcome showed consis-
tency with other research in MA theses (Demir,
2004; Karaduman, 2008; Makaraci, 2004; Oz, 2004;
Somuncuoglu, 1996; Tankut, 2008; Taskin, 2004),
PhD theses (Balaban, 2002; Caliskan, 1999; Hanger,
2005), articles in the national arena (Akuka et al.,
2013; Cekbas, Yakar, Yildirim, & Savran, 2003;
Giiven & Siiliin, 2012; Isik, 2007; Kiyic1 & Yumusak,
2005; Teyfur, 2010), and studies conducted in the
international arena (AbuSeileek & Rababah, 2007;
Ibrahim, 2011). This meta-analytic result, therefore,
appears to be supported by the related literature.

In this meta-analytic review, it was intended to dis-
play the efficiency of the CBT method on academic
success in terms of grade level, subject area, imple-
mentation period, publication type, and course type
by grade level. Studies were analyzed in four cate-
gories (primary schools, secondary schools, high
schools, and universities) so as to identify the influ-
ence of grade level over the effect size of studies in
the meta-analytic research. The effect size by grade
level was seen to have positive values, and while the
largest value was observed for secondary schools (ES
= 1.31), the lowest was for primary schools (ES =
.66). It was recognized according to Cohen’s (1992)
classification that the efficiency level of CBT for all
grade levels had a large effect size except for primary
schools (ES = Medium). On the other hand, when
the homogeneity test of the intergroup was consid-
ered, it was seen that the Q, statistical value (19.60)
was greater than the critical value (sz_%) = 7.81)
from the x2 distribution with 3 degrees of freedom.
Thus, the distribution of effect sizes in this collec-
tion of studies is heterogeneous. In other words, in
terms of the division of studies into four groups of
grade levels, there was a significant difference for the
groups (Z = 14.44, p < .05). In a meta-analytic study
conducted by Batdi (2014) on the effect of the Jigsaw
technique upon students’ academic performances,
the results of the homogeneity test and effect sizes
with regards to grade level emphasized that the tech-
nique under consideration has a positive effect.

With a view in determining the effect of subject area
on the mean effect size, studies were divided into four
categories: science, mathematics, social sciences, and
“others” Following the analyses of the 78 studies in
terms of subject area, it was seen that the largest ef-
fect size was seen with science (1.14), while the lowest
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one was with “others”, which included undergraduate
courses (1.02). Moreover, the intergroup homogene-
ity test value was seen as Q, = .30, and for Q, statisti-
cal value (Q, = .30) with 3 degrees of freedom when
smaller than the critical value of the X? distribution
(X255 = 7-81), the homogeneity hypothesis relating
to the distribution of effect sizes therefore becomes
admitted into FEM. When considering the catego-
rization of studies into groups with regard to subject
area and their effect sizes, no significant difference
was found in terms of subject area (Z = 13.86; p >.05).
Correspondingly, in similar meta-analytic reviews
of brain-based learning (Goziiyesil, 2012- Q,= 2.75;
p > = .05) and the efficiency of conceptual change
texts (Oner Armagan, 2011- Q,=3.07; p > .05), no
significant difference was observed in the effect siz-
es in terms of subject area. On the other hand, in a
meta-analytic study concerning CBT by Camnalbur
(2008) conducted in Turkey, the effect sizes (Q, =
22.07; p < .05) indicated that there was a significant
difference among the groups.

In order to analyze the effect of studies upon the
mean effect size and to compare the effect of CBT
with regard to course type, the effect sizes were cal-
culated. According to the results of analysis, a more
successful outcome was witnessed in social studies
than in science, science and technology, or mathe-
matics as far as academic success. The largest effect
size was seen in social studies with the value of 1.54,
while the lowest was in the case of mathematics
with a value of 1.06. Additionally, the intergroup
homogeneity test value was seen to be Q,= 1.94. As
the critical value from the X? table in the 95% sig-
nificance level with 3 degrees of freedom was cal-
culated at 7.81, the critical value (XZ(U'%) =7.81) was
signified to be greater than Q, statistical value (Q,
=1.94). The homogeneity hypothesis relating to the
distribution of effect sizes was, therefore, accepted
in FEM. On the other hand, the effect of CBT on
academic success did not have a significant differ-
ence in terms of the type of course (Z = 13.03; p >
.05). It can be expressed from this result that the use
of CBT on academic success did not indicate any
change with regard to the type of course.

Studies were categorized into six groups in terms
of implementation periods, two-to-four, five-to-six,
seven-to-eight, and nine-to-eighteen week periods;
unspecified periods; and those defined as ‘course
hours, with a view to clarify whether the effect size
of CBT had any difference in terms of the imple-
mentation period. When the samples of 78 studies
were analyzed in regard to implementation period,
the largest effect size value was found for the nine-
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to-eighteen week period (1.87), while the lowest
was for the seven-to-eight week period (.93). These
effect sizes were seen to be at large levels according
to Cohen’s (1992) classification. The intergroup ho-
mogeneity test in the meta-analysis indicated that
the Q, value was 6.36. In the event of the studies’
categorization of implementation periods, it was
considered that their effect sizes had no significant
difference in terms of implementation period (Q, =
6.36; p > .05). It can be inferred from this result that
this method had a similar considerable effect on all
groups. All the data can, therefore, be generalized
to the whole sample size. In other words, general-
ization in relation to the effect size is affected by the
size of working groups. Additionally, all other effect
sizes belonging to implementation period except for
the seven-to-eight week period had positive values.
As the data for the seven-to-eight week period was
obtained from only three comparisons, it was deter-
mined to not generalize the effect size of this period
but to give information only about the current sta-
tus. Rosenberg et al. (2000) stressed at this point that
Hedges’ d value which is used in the calculation of
effect sizes can give reliable results in the case of at
least five comparisons. The researcher suggests that
more experimental studies in this subject area need
to be conducted in Turkey and the world in order to
generalize the results of analyses. In the meta-analyt-
ic study of Oner Armagan (2011), which concerned
the efficiency of conceptual change texts, no signif-
icant difference was recorded in the effect sizes on
account of the implementation period (Q,=2.36; p >
=.05). It can be concluded, therefore, that the related
result of the researcher’s meta-analytic review shows
a similarity with the present research result.

Studies included in the meta-analysis were split
into four groups in terms of publication year (2006
through 2007, 2008 through 2009, 2010 through
2011, and 2012 through 2014) in order to identify
whether the effect size of CBT had any differences

with regard to the publication year of the studies. The
results indicated that the lowest effect size was seen
in the 2006-through-2007 publication group (ES =
.86), while the largest was in the 2010-through-2011
group (ES = 1.44). Also, the mean effect size was
calculated as 1.12. Thus, all the effect sizes were rec-
ognized to have large, positive, and significant effect
sizes according to Cohen (1992).

From the homogeneity test value of the intergroup,
the Q, value was 4.77. In the case of categorization
of studies in terms of publication year, it was seen
that their effect sizes showed no significant differ-
ence (Q, = 4.77; p > .05). This result demonstrated
that CBT had a similarly great effect on all groups
in terms of publication year. Goziiyesils (2012)
meta-analytic review on the effect of brain-based
learning upon academic success seems to therefore
include parallel results (Q, = .00; p > .05) with re-
gard to this related sub-title.

In this meta-analytic study, it was intended to ex-
amine the effect of the CBT method on academic
success in terms of grade level, subject area, course
type, implementation period, and publication year.
In general, it was recorded that the method under
consideration had a considerable advantageous
outcome on academic success. As a result of liter-
ature review in the national arena, although a suf-
ficient number of studies on CBT were reached, it
is suggested that researchers in the future should
examine more PhD theses. However, the present
paper examined the effect of CBT only on academ-
ic success. Therefore, the researcher suggests that
further meta-analytic studies review the effect of
CBT on other variables such as attitude, retention,
and success. Lastly, the studies on CBT, especially
in high schools, have experienced a decline lately
because of an increased use of touch-based tech-
nological devices in these grade levels. In order to
demonstrate this area in detail, the effect of these
devices on academic success could be examined
through further meta-analytic reviews.
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