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Abstract

This paper investigates the experimental studies which test the effectiveness of the concept mapping instructional
strategy compared to the traditional teaching method. Meta-analysis was used to calculate the effect size of the concept
mapping strategy on academic success. Therefore, the analysis includes experimental studies conducted in Turkey
between 2000 and 2015 which compare the concept mapping instructional strategy and the traditional method. 216
master’s and doctoral theses and 114 articles were found on the topic. Among these, 73 studies were selected which met
the inclusion criteria. These were then combined through meta-analysis. At the end of the study, the concept mapping
instructional strategy has been determined to have a significantly positive effect on the Turkish students' academic
success (ES=1,119; p<0,05). Considering the population of Turkey, the findings indicate that the effect of concept
mapping instructional strategy in terms of academic success was higher than traditional method.
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1. Introduction

The main idea of concept mapping is based on Ausubel's meaningful learning theory. Starting by discussing the effect of
prior knowledge on learning and long-term retention, Ausubel (1960, 1963) focused on the cognitive development
process and highlighted the importance of developing new ideas with the help of prior knowledge and relationships in
mind. According to the meaningful learning theory, students accommodate new concepts and ideas with existing those
already ones in their cognitive structure (Novak, 2010).

Instructional strategies that emphasize relating new knowledge to the learner’s prior knowledge foster meaningful
learning (Novak & Caiias, 2008). Building on Ausubel’s idea of meaningful learning; Novak and Gowin (1984)
established an instruction theory, which is based on the Ausubel’s meaningful learning idea that integrates concept maps
to produce meaningful connections between the concepts in the learner’s cognitive structure. A concept map is used as a
graphical tool to create and show illustration the connections between ideas and concepts. It is comprised of two
elements; namely, the concepts -which are generally embedded in closed shapes such as boxes and circles- and their
connections, which are displayed as lines that connect the shapes together (Novak, 1991). Showing all the related
concepts and their connections in a diagram or a graph may provide a more comprehensible output than describing them
by writing in text. Through this process, one can identify the related concepts in the study and show the hierarchical
relationships between them in general (Dogusoy, 2012).

We can see the schematic outline of how learners organize and connect concepts in their mind by the means of concept
maps. Concept maps also enable us to cultivate a comprehensive understanding by ensuring that each part of the big
idea, their relationships with one another and the whole picture in general is presented through a graphical interface as
opposed to ordinal words in a structured text that lacks similar affordances (Lawson, 1994). Visual representations -such
as logos, signs and icons- can be recognized easily, interpreted quickly and remembered smoothly (Erdogan, 2009).
Concept maps make use of these phenomena to delineate the connections between the new and old concepts of the
learners and force them to objectify those connections (Novak, 1991).

Research studies on concept mapping indicate that it can be used as a useful and effective strategy for both teaching and
learning for all grades (Novak, 2010). For instructional purposes, concept mapping fulfills many important roles; by
granting pupils a way to reflect their knowledge about a certain subject, by acting as a tool to ease the burden of
studying with the means of providing comprehensive understanding on a given subject, by supporting the creation of
new ideas and the way these are organized and by facilitating the learning of new concepts and their intricate
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relationships (Dogusoy, 2012; Kavak, 2009; Kanpolat, 2009). Last but not least, concept maps can be used as an
assessment tool of pupils’ knowledge in a course topic or as an instructional material for teachers to help them (Erdogan,
2009; Orhan, 2012).

In recent years, many researchers reported in their studies that concept mapping is a successful tool for both teachers
and students to teach and learn (Dogusoy, 2012). They have shown that concept maps have positive effects on academic
learning outcomes such as success, recall, problem solving, concept learning, repairing previous erroneous
conceptualizations and developing critical thinking skills as well as non-academic outcomes such as attitude, perception
of self and anxiety (Biyikli, 2015; Bas, 2012, Jonassen, 2011; Kapucu, 2008). Okursoy (2009) revealed that concept
maps showed a positive effect on academic succes after a meta-analysis including 33 studies. According to Orhan’s
study in 2012 and Kavak’s study in 2009 concept mapping promoted positive attitudes towards science and
self-concepts. Concept maps were also found to increase responsibility for learning (Gurley, 1982), teach mathematics
(Burak, 2010; Ozdemir, 2009), chemistry (Aksoy, 2010; Ekmekgioglu, 2007), physics (Kanpolat, 2009), biology
(Bektiiziin, 2013; Kasapoglu, 2011; Akay, 2010) and language (Girgin, 2012; Bas, 2012).

To date, numerous studies have been conducted in Turkey about concept mapping instructional strategy in terms of
academic succes and retention. This creates a necessity for an analysis of previous researches with a comprehensive and
systematic approach. In this respect, a meta-analytic effect analysis of researches should be performed to determine the
effect of concept mapping instructional strategy. This study aims to calculate the effectiveness of concept mapping
instructional strategy on Turkish students’ academic success. In order to find out the effect of concept mapping
instructional strategy, 73 experimental studies were attained and used in the meta-analysis. The following research
question was stated in the study: “Does concept mapping instructional strategy affect the academic success of Turkish
students compared to the traditional teaching method?”

2. Method
2.1 Research Model

In this study, meta-analysis was used to measure the effect size of concept mapping on Turkish students’ academic
success. Meta-analysis can be defined as an analysis of previous analyses and is a statistical method used to combine
the results of similar studies (Glass, McGaw, & Smith, 1981). The students of experimental group received instruction
by using concept mapping instructional strategy. For the control group, the students received instruction by using
traditional teaching methods. They were provided training in the usual way, and no concept mapping strategies were
used.

2.2 Data Collection

The population of this study consists of articles, proceedings, master’s and doctoral theses which were published in the
context of concept mapping in Turkey between 2000 and 2015. The theses databases of The Council of Higher
Education National Thesis Centre, Google Scholar, ERIC, EBSCO, ProQuest and Ulakbim served as reference. The
search using keywords such as ‘concept map’ and ‘concept mapping’ in Turkish and English revealed a total of 216
thesis and 114 articles.

The studies which did not fit the inclusion criteria were excluded from the data to be used for meta-analysis. Because of
this reason 257 non-experimental studies were excluded from the research data. Finally, 73 experimental studies were
found to be related to the topic and compatible with the criteria laid out in our study.

2.3 Inclusion Criteria

The criteria for the material to be included in this meta-analytic study are as follows: (i) Time interval: The studies of
the last fifteen years only taking place in Turkey; (ii) Students: Level of primary, secondary and higher education; (iii)
Sources: All published and unpublished theses, all articles published in academic journals, and proceedings of
conferences and symposia; (iv) Research Design: Experimental studies that have control groups and experimental group
that will help measure the standardized effect size in meta-analytic studies; (v) Instructional Method: Studies that
contain concept mapping as the instructional method; (vi) Sufficient Quantitative Data: Studies that give the values for
the control and experimental groups sample size (N), mean (M), standard deviation (SD).

2.4 Coding Method

A coding method used to identify all the characteristics of the studies involved in the meta-analysis to make
comparisons. The coding method for the current study was composed of two main sections and a total of 9 questions.
The first section was called ‘study identity’ and includes 6 information: the number of study, the name of study, the year,
author names, the place of study and publisher names. The second section was called ‘study data’. Descriptive statistical
data such as sample size, mean values and standard deviation values of the experimental and control groups were
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specified in this section.
2.4 Data Analysis

Various statistical accumulation methods have been developed based on the type of results and the choice of statistical
model in order to combine the results of studies that investigate the same topic, at different times, in different places and
by different people (Higgins, Thompson, Deeks, & Altman, 2003). In this study, the study effect meta-analysis was
employed. This method is used when none of the studies included in the meta-analysis is gathered from different scales
(Ozcan, 2008). The aim of this method is to calculate the difference between the mean values of the control and
experimental groups in experimental studies represented by the formula d= (Xe-Xc)/SD (Hunter and Schmidt, 1990).
The “d” value obtained represents the effect size and forms the basis for meta-analysis.

The inferences rely on two statistical models: the fix effects model and the random effects model. While choosing the
model in the meta-analysis, it is possible to test the homogeneity of the size effect distribution (Comek, Sarigayir, &
Erdogan, 2015). In this research, in cases of homogeneity the fix effects model is used, and in other cases the random
effects model is used. While calculating the effect sizes (ES) which rely on arithmetic averages, level classification is
used for more detailed classification (Thalheimer & Cook, 2002). (i) Small effect: 0,15<ES< 0,40; (ii) Medium effect:
0,40< ES< 0,75; (iii) Large effect: 0,75< ES< 1,10; (iv) Very large effect: 1,10< ES< 1,45; (v) Huge effect: 1,45< ES.
Comprehensive Meta-Analysis and MetaWin 2.0 statistical programs were used to calculate effect size and variance
values.

3. Results

In the meta-analytic analysis based on the result of the literature review 46 master’s theses, 12 doctoral theses, and 15
articles were able to combine which provide information on the sample size, arithmetical mean values and standard
variation values. Considering all of the 73 studies, the total number of students in the experimental group and in the
control group is 2590 and 2535, respectively. The studies that involve the highest amount of data were conducted in the
year 2006, in Ankara, at the second stage of the primary school and in science.

Figure 1 shows Hedge’s g effect size, standard error, lower and upper limits and confidence interval of each study.
According to Figure 1, the study with the biggest effect size belongs to Ozata (2003) and the one with the smallest
effect size is Tezcan, Karakuzu, & Ekmekei (2011).
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Figure 1. Effect sizes and confidence intervals for each study
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The normal distribution Q-Q graph of the studies included in the research are given in Figure 2 to demonstrate whether
it is suitable to combine these studies or not. If the general effect size distribution of the studies combined is within the
trust range along the line X=Y, then it is close to the normal distribution (Rosenberg, Adams, & Gurevitch, 2000).
According to the Figure 2, Ozata’s (2011) and Altunay’s (2006) studies represented by red dots falls outside of the
+1,96 range. Therefore, these studies were excluded from the meta-analytic process.
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Figure 2. Normal distribution Q-Q graphs of effect size

3.1 Comparison of Traditional Teaching and Concept Mapping Instructional Strategy using Fixed and Random Effects
Model

The mean effect sizes, homogeneity distribution values and confidence interval levels of the studies that were
incorporated into the meta-analysis are presented in Table 1.

Table 1. Mean Effect Sizes (ES), Homogeneity Values and Confidence Intervals of the Studies According to Effects
Models

95% Confidence Interval

Model ES “ P Q Lower Upper
Fixed 1,047 34,426 0,000 405,030 0,988 1,107
Random 1,119 15,019 0,000 - 0,973 1,265

As shown in Table 1, using the data from the 71 studies included in meta-analysis, fixed effects model was initially
applied to data. The results indicate that academic success was higher in concept mapping instructional strategy than in
traditional teaching. The mean effect size determined as 1,047 was accepted to be large according to Thalheimer and
Cook’s (2002) classifications (ES=1,047, z=34,426, p<0,05). On the other hand the chi-square test for homogeneity was
conducted to determine whether several populations are similar or equal or homogeneous in some characteristics. Q
statistical value was calculated to be 405,030 indicated that the effect size distribution of the studies appears to be
heterogeneous according to the fixed effects model (Q=405,030; p<0,05). Therefore, the random-effects model to
synthesize the findings was employed (Raudenbush, 1994).

Mean effect size values in terms of random effects model are presented in Table 1. The results indicate that concept
mapping instructional strategy has a positive effect on the Turkish students’ academic success (ES=1,119, z=15,019,
p<0,05). According to Thalheimer & Cook’s (2002) classification system, the effect size found following analysis can
be considered as very large.

4. Discussion

One of the most important outcomes of the teaching process is academic success. Thus, in order to ensure efficiency of
the teaching process and in particular to increase academic success, various teaching methods and techniques are being
tested. This paper combined the results of experimental studies about the effects of concept mapping instructional
strategy on academic success using meta-analysis methods. For this purpose, the effect size value and direction of
concept mapping instructional strategy in terms of academic success were identified. In order to specify the effect of
concept mapping instructional strategy on learners’ academic success, quantitative studies which compared concept
mapping instructional strategy and traditional teaching method published between 2000 and 2015 were investigated.
216 postgraduate thesis (at master’s and doctoral level) and 114 articles and presentations on the topic were identified.
Out of these studies only the ones which have an experimental research design with a control group were included in
meta-analysis. After this first elimination, 73 studies that met the inclusion criteria were then combined using
meta-analysis. According to the normality testing two studies falls outside of the +1,96 range. Therefore, these studies
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were excluded from the meta-analytic process.

The results of analysis on the data obtained from the 71 studies that were combined in meta-analysis indicated an effect
size of ES= 1,047, calculated by fixed effects model, in favor of concept mapping instructional strategy. However, the
homogeneity test revealed that the studies were heterogeneous and that the data could not be generalized to the whole
population. Therefore, in lieu of fixed effects model, the results were recalculated using random effects model.
According to the meta-analysis results conducted for the data from 71 studies using random effects model shows that
concept mapping instructional strategy has a positive effect on the students’ academic success (ES=1,119, z=15,019,
p<0,05). This value indicated a very large and significant effect size according to the classifications of Thalheimer and
Cook, 2002.

The results of the meta-analysis suggested that concept mapping instructional strategy led to greater academic success
than traditional teaching method. As the concept maps can be used for many purposes in education, related studies were
also conducted to benefit from its effectiveness in Turkey. Many studies are conducted in Turkey related with concept
mapping and its effectiveness (Comek et al.,2016; Lagin, 2014; Bektiiziin, 2013; Tuna, 2013; Gdk¢en, 2012; Girgin,
2012; San, 2008). Comek et al. (2016) investigated the grasping of sixth grade students on the subject of light and sound
through concept mapping. The results revealed that concept mapping produced a better acquisition of science
understanding than the traditional method. As all mentioned research results and also this research revealed that concept
mapping has a positive effect on academic success. This finding is consistent with the results of other national and
international meta-analysis studies (Yesilyurt, 2012; Okursoy, 2009; Horton et al., 1993).

Researchers reported that concept maps can be used in discussing the meaning of the concepts with students (Aydin,
2013); finding and removing misconceptions (Akkus, 2013); improving high-order thinking skills (Bas, 2013); and
assessing what is learned (Orhan, 2012). Structuring of concept mapping is beneficial as a metacognitive tool that
enhances the understanding and promotes chances to establish relations with existing structure and new knowledge in
science education (Dogusoy, 2012).

On the other hand, meta-analysis research is a kind of research that relies on previous literature. Therefore, it is crucial
to access previous studies and the details of those studies in order to reach robust conclusions. One of the obstacle for
academic researches in Turkey is the lack of electronic databases to access previous literature. The attempts of the
Turkish Council of Higher Education to electronically organize postgraduate thesis at master’s and doctoral levels and
to make them accessible to researchers could be considered as an important step. Both for meta-analysis and other
research, the creation of electronic databases that allows searching various sources such as thesis, articles and
presentations could lead to more productive and efficient research in the country (Okursoy, 2009).

The current meta-analysis investigated the effect of concept mapping instructional strategy on academic success. Effects
on other issues were excluded from scope of the study. Further meta-analytic research would be appropriate on the
effects of concept mapping instructional strategy on factors such as attitude, retention or anxiety. In addition, the effect
of computer based concept mappings on academic success could be examined through further meta-analytic studies.
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