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Abstract

The aim of this study is to determine the method and approach with the highest
effect size by examining the most common methods and approaches used in
teaching the subject area of matter and nature. For this purpose, 38 experimental

Published: 01.05.2023  studies that were conducted in Turkey between 2000-2020 and met the inclusion

criteria were analyzed using the meta-analysis method. Hedges g index was used
for the effect sizes of individual studies. The effect sizes of individual studies were
combined with the random effects model to calculate the overall effect size. As a
result of the meta-analysis, the overall effect size was determined as moderate
(g=0.754) and significant (p<.05). The heterogeneity test performed to determine
the significance of the variance between the effect sizes was found to be
significant (p<.05). In order to determine the source of the variance, categorical
moderator analysis was performed according to the method and approach,
teaching level and publication type. As a result of this test, it was determined that
the type of method was a significant moderator and the education level and the
type of publication were not significant. As a result of meta-regression to
determine whether the application duration of the experimental procedure is a
significant predictor of the effect sizes, it was determined that the application time
was not a significant predictor (p<.05).
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Chemistry, a branch of the natural sciences, particularly studies the structures of substances and their
interactions with each other. The study of the nature of matter is important to the science of chemistry
in terms of understanding nature. This effort to understand nature occupies a wide place among the
subjects of the Science and Technology lesson. When the Science Education Curriculum published by
the Ministry of National Education is examined, approximately 19% of the total lesson time of this
lesson is made up of the subject area of matter and its nature. This subject area is encountered by
students at almost every stage of the education system, from primary school to university. However, it
is known that it is difficult to understand this subject at every level of education because various
studies have shown that students at all levels, even chemistry and science teachers, have significant
misconceptions and incorrect concepts about this subject (Adadan, 2014; Adadan, 2013; Ultay and
Calik, 2012; Adadan et al., 2010; Calik et al., 2006; Ayas and Ozmen, 2002; Demircioglu, 2003;
Ozmen, Ayas and Costu, 2002; Ayas, 1995). The reason for encountering so many difficulties in
understanding the particulate nature of matter is due to its abstract structure (Adadan et al., 2010;
Calik and Ayas, 2002; Demircioglu et al., 2012; Doymus, 2007; Karacop, 2016; Ultay and Calik,
2012).

One of the sources of widespread misconceptions about matter and its nature among students is the
possibility that they may think that matter is continuous rather than particulate based on the events
they see in their environment before they receive school education. Students mention that they cannot
compress solids and liquids as the reason for these thoughts (Ayas and Ozmen, 2002; Griffiths and
Preston, 1992). Therefore, when the field literature is examined, many misconceptions about the
particulate nature of matter possessed by students are reported (Azizoglu and Geban 2004; Margel et
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al., 2004; Boz, 2006; Altinyuzuk, 2008; Miller, 2008; Aydin and Akgun, 2009; Kariper, 2013; Cayan
and Karsli, 2015). The most common of these misconceptions are: (i) atoms and molecules have
macroscopic properties. (ii) Molecules are of visible size. (iii) All atoms are spherical in shape. (iv)
When matter is heated, its mass decreases, so the solid state of water is the heaviest and the gaseous
state is the lightest. (v) During a change of state, intra-molecular bonds are broken. (vi) The particles
of water are water droplets. (vii) The water molecule is of visible size. (viii) Particles in the solid state
are stationary. (ix) Atoms can be seen under a microscope. (x) There are bonds between particles in
the liquid state, but no bonds in the solid state. (xi) Gases have no mass, etc.

These misconceptions about matter and its nature also negatively affect the academic achievement of
students. There are various studies in the literature aimed at reducing the failure caused by incorrect
and incomplete learning to a minimum by using various teaching methods (Karacali, 2022; Can and
Gersil, 2021). These studies indicate that in order to overcome these learning difficulties and correctly
understand chemistry and increase academic achievement, it is necessary to correctly understand and
relate the three dimensions of chemistry, namely the micro, macro, and symbolic dimensions (Jaber
and Boujaoude, 2012; Treagust et al., 2003). The macro dimension is concerned with observable
phenomena, situations, and experiences; the micro dimension is concerned with invisible particles,
structural formulas, and images created in the mind; and the symbolic dimension is concerned with
mathematical expressions and graphs such as chemical equations and graphs (Cavdar et al., 2016; de
Berg, 2012; Calik et al., 2006; Ozmen and Ayas, 2003). Examples of events occurring in the macro
dimension include the shape, color, and changes of state of matter; events occurring in the micro
dimension include the movements of atoms and molecules, electron transfer, etc.; and examples from
the symbolic dimension include the symbols of elements, formulas of compounds, and chemical
equations (Talanquer, 2011).

In order for chemistry to be fully and correctly understood, the three dimensions must be properly
related to each other (Okumus and others, 2017; Talanquer, 2011; Pekdag and Le Maréchal, 2010).
Studies have shown that students are successful in understanding the macro and symbolic dimensions,
but have difficulty understanding the micro dimension, are unable to relate events and, as a result,
have many misconceptions about the substance, which is the foundation of chemistry and the source of
other topics, and therefore their achievements are low (Cavdar and others, 2016; Okumus et al., 2014;
Adadan, 2013; Demircioglu and Ucar, 2012; Adadan and others, 2010; Calik and Ayas, 2002). In
addition, it has been found that students tend to explain micro-level events in the macro level and are
unable to grasp the particulate nature of matter (Cavdar et al., 2016; Okumus and others, 2014;
Demircioglu and others, 2012; Adadan and others, 2010; Kalin and Arikil, 2010). There are student-
centered methods that have lasting and effective learning effects and increase academic success in the
teaching of matter and its nature (Can and Gersil, 2021; Cavdar and others, 2016; Adadan, 2013; leri,
Selvi and Kose, 2020; Batdi and Anil, 2020; Ayaz, 2015). Upon examination of the literature, many
approaches and methods that have been experimentally determined to be effective in the teaching of
matter and its nature are prominent. The most common of these approaches and methods are
computer-assisted teaching, collaborative teaching, problem-based teaching, and argumentation-based
teaching.

Computer-Assisted Teaching

Chemistry, one of the important branches of the natural sciences, causes difficulties in understanding
and explaining many abstract concepts that cannot be observed in daily life. The inability to perceive
the interaction between macroscopic and microscopic events hinders the learning of most concepts. In
particular, students have difficulty visualizing concepts such as the Particulate Nature of Matter and
Chemical Bonds in their minds (Ozmen, 2008; Adadan, Irving, and Trundle, 2009). With the changes
in science and technology, computer-assisted teaching has helped both students and teachers in
educational activities (Kaptan and Korkmaz, 1999). Computer-assisted teaching, which has become
one of the popular approaches in recent years, serves many needs such as the rapid increase in
knowledge, the complexity of content, the leading role of today's communication tools, and the ability
to appeal to multiple senses through visual and auditory features (Okur and Unal, 2010). With the help
of computer-assisted teaching applications, molecular interactions at the particle level can be
observed, which helps to learn concepts more effectively and meaningfully (Akcay et al., 2005;
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Kaptan and Korkmaz, 1999). It has also been determined through literature studies that this teaching
method helps to concretize abstract concepts, increases retention, and prevents memorization (Ozmen
and Donmez Usta, 2017; Kaptan and Korkmaz, 1999).

Collaborative Learning

Collaborative learning can be defined as a learning approach where students work together to achieve
a specific shared goal or complete a task in an educational setting, such as solving a problem or
accomplishing a task, and help each other to learn about an academic subject (Demirel, 2002;
Senemoglu, 2004). In collaborative learning, all students have an equal opportunity throughout the
process (Buyukkaragoz, 1997). The main goal is for students to work together in a group and fulfill
their responsibilities towards each other. The teacher is the person who monitors and observes the
effective work of the groups and the fulfillment of the responsibilities of the group members
(Gomleksiz, 1993)

Problem-Based Learning

Problem-based learning is a teaching process that began with the idea that students should be educated
by encouraging their interest in research and creation, based on John Dewey's view that they should be
stimulated by the interest they show in research and creation, and started with its application to
students in medical faculties in the 1960s (Senocak, 2005). In particular, in the teaching of
fundamental subjects/concepts in medical and engineering faculties, the aim is to find suitable options
for developing, advancing, and solving possible problems in the development of skills and
perspectives. It encourages critical and creative thinking skills, decision-making, and creativity by
presenting real or potential problems (Aydogdu, 2012). In science education, in particular, studies on
developing ideas about environmental problems and offering creative solution skills to students are
commonly encountered (Tosun, 2010; Senocak and Taskesenligil, 2005; Aydogdu, 2012).

Argumentation-Based Teaching

Argumentation-based science learning (ABSL) approach is one of the approaches towards research-
based laboratory use as an alternative to traditional method-processed laboratory studies. This
approach is a practice that aims to produce scientific knowledge through argumentation in research-
inquiry based learning environments and to trigger cognitive and higher cognitive learning (Driver,
Newton, and Osborne, 2000). Draft templates have been created for students and teachers in this
approach. Students determine initial questions, develop hypotheses suitable for these questions,
research using multiple sources by forming claims and evidence for these claims, and reveal
information that will support or refute the claims and evidence (Koseoglu and Tumay, 2015). During
the argumentation process, students also develop their language skills and support their claims and
evidence with multiple representations such as images, graphs, or equations (Ogreten and Sagir, 2014;
Aydin and Kaptan; 2014; Cinici et al., 2014). Argumentation-based teaching is used in studies on the
effects of student success, attitudes and writing skills development in laboratory applications, which
have an important place in science education (Yesiloglu, 2007; Tumay and Koseoglu, 2011).

Meta-analysis studies are available in the literature for each of the approaches and methods described
above. For example, Ayaz (2014) conducted a meta-analysis study to determine the effect of project-
based learning (PBL) approach on students' attitudes towards science lessons and their academic
achievements in these lessons. The results of the study showed that project-based learning had a
moderate effect on students' academic achievement and attitudes in science classes. In another study,
Balemen (2016) aimed to investigate the effect of Project-Based Learning Approach (PBLA) on
academic achievement in science education using the meta-analysis method. The results of the study
indicated that project-based education had a significant effect on academic achievement and that the
greatest effect was in the teaching of biology topics and at the high school level. Orhan and Durak
Men (2018) examined the effect of web-based education on students' science education. The results of
the meta-analysis showed that web-based education had a significant effect on students' academic
achievement. Ozer (2019) conducted a meta-analysis study to examine the effect of Argumentation-
Based Teaching (ABT) on academic achievement, understanding of the nature of science, attitudes,
and conceptual understanding variables in science lessons. The results of the meta-analysis showed
that argumentation had a significant effect on students' academic achievement, understanding of the
nature of science, attitudes towards science lessons, and conceptual understanding. ileri (2019) aimed
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to determine the effect of Cooperative Learning Approach (CLA) on students' academic achievement
through meta-analysis. The results of the research showed that Cooperative Learning Approach had a
strong and positive effect on students' academic achievement. In another study, Yildirim (2020)
examined the effect of Problem-Based Learning Approach (PBLA) on students' academic achievement
in science education using meta-analysis. The results showed that Problem-Based Learning Approach
had a significant effect on students' academic achievement in science education.

In this meta-analysis study, the effectiveness of the methods and approaches used in teaching the
subject of matter and nature, which is known to cause common misconceptions in students, is
compared in order to determine the most effective method. Therefore, in this meta-analysis study, the
following questions are sought to be answered:

1.What is the overall effect size of the methods used in teaching the subject of matter and nature?

2.1s there a significant difference in the effect sizes of the methods used in teaching the subject of
matter and nature?

3.Is the duration of the experimental procedure a significant predictor of the effect size of the methods
used in teaching the subject of matter and nature?

4.Does the overall effect size of the methods used in teaching the subject of matter and nature show a
significant difference according to the level of education where the implementation is carried out?

Method

In this study, meta-analysis method was used to calculate the overall effect size of experimental
studies based on the teaching of the "Matter and Nature" subject using a teaching method. Meta-
analysis is the analysis of quantitative data obtained by grouping experimental studies according to
various measures within a certain subject or theme (Dincer, 2014). The aims of the meta-analysis
method include evaluating studies that do not show consistency with each other in the results of
different scientific studies, combining small sample studies to increase the sample range and statistical
power, assisting future studies, and pointing to new research topics (Akcil, 1995).

Literature Search Prosedure

The Google Scholar and YOK Thesis Center databases were searched to access studies that used
teaching methods based on the "Matter and Nature" subject. The database search was conducted
between March and April 2018, and a complementary search was conducted in December 2020. In the
search of these databases, studies conducted between 2000 and 2020 were limited and "Matter and
Nature", "Particulate Structure of Matter", "Science Education"”, "Natural Sciences", and "Matter"
keywords were used. The bibliographies of the studies obtained on the subject were also examined to
check whether there were any missing studies. As a result of the search, 331 studies on Matter and
Nature were reached.

Inclusion and Exclusion Criteria

The criteria for a study on the subject of Matter and Nature to be included in this meta-analysis
research are: (i) It must have been conducted in Turkey between 2000-2020. (ii) It must have used an
instructional method related to the teaching of the subject of Matter and Nature. (iii) The effect of the
instructional method used on academic achievement must have been investigated. (iv) The necessary
numerical data for calculating effect sizes must have been reported. (v) Parametric statistical methods
must have been used. (vi) There must have been experimental and control groups. (vi) A method or
approach used in a primary study on the subject of Matter and Nature must have been used in at least
four separate primary studies in order to be compared with other methods in a meaningful way.
Studies that used non-parametric tests while working on the subject of Matter and Nature with an
instructional method were not included in the research

The criteria set out above were used to review 331 studies. As a result of this review, 86 studies were
obtained, excluding studies that did not use parametric tests, did not directly measure academic
achievement, or used weak experimental designs. Six of these studies used weak experimental designs,
four used non-parametric tests, and 38 were not included in the meta-analysis because there were not
enough studies on the teaching method used for the teaching of matter and nature. In total, 38 studies
were included in this meta-analysis. The flowchart for inclusion of studies in the meta-analysis is
shown in Figure 1.
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Figure 1. The Flowchart relating to inclusion process

Evaluating the Quality of the studies included

To evaluate the quality of the primary studies included in this meta-analysis, the assessment system
developed by Pulye et al. (2009) was used. In this system, three criteria were determined to evaluate
experimental studies. These criteria are: (i) the clear explanation of the implementation process of the
experimental procedure and the random selection of the sample, (ii) the concealment of group
information, i.e., participants do not know whether they are in the experimental or control group, and
(iii) the validity and reliability of the measurement tools used and the absence of data loss. According
to the system developed by Pulye et al. (2009), a score is given if the above criteria are met and a zero
score if they are not met. Kanadli (2019) suggests giving half a point for studies that partially meet
these criteria in the social sciences. When the 38 studies included in the meta-analysis were evaluated
according to these criteria, it was determined that they partially met these criteria, on average, with a
score of 1 point.

Coding the Characteristics of Studies

The studies included in this meta-analysis; (i) characteristics of the research report, (ii) the
experimental design used in the study, (iii) sample characteristics, (iv) application period, (v) the
method and approach used in the study and (vi) required quantitative data for effect sizes have been
coded by taking into account. (i) Characteristics of research reports: In this category, the surname of
the authors included in the research reports, the type of research and the publication date have been
coded. The types of research have been classified as articles and thesis studies.

(ii) Research designs: Under this category, pre-test post-test controlled group studies, examining the
effect of application methods on academic achievement in the processing of the Matter and Nature
subject, have been coded.
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(iii) Sample characteristics: In this category, the class level of the selected sample has been coded.
According to this; 5-8 grade middle school, 9-12 grade high school and university students are coded
as bachelor's degree.

(iv) Application period: The application period of the experimental process is coded as weeks.

(v) Methods and approaches: In this category, computer-assisted instruction, collaborative learning,
problem-based learning and argumentation-based teaching methods and approaches have been coded.
The computer-assisted instruction code includes studies that use web-based teaching and smart board-
supported teaching. The collaborative learning code includes studies that use separation-combination,
student teams-success sections and similar techniques. The problem-based learning code includes
studies that use project-based teaching and research-based teaching.

(vi) Required quantitative data for effect sizes: In this category, the number, mean and standard
deviation of the sample, which are the post-test scores of the experimental and control groups, where
there is no significant difference between the pre-test scores of the experimental and control groups,
have been coded. If there is a significant difference between the pre-test scores of the experimental and
control groups, the number, mean and standard deviation of the sample, which is the difference
between the post-test scores of the experimental and control groups.

Coding Reliability
To determine coding reliability, a random sample of 20 studies was selected and the coding form was
given to another researcher for coding. Inter-coder reliability agreement rate was calculated using the

formula: agreement rate = [(agreed number of studies)/(total number of studies)]x100 (Orwin and
Vevea, 2009). It was determined that the coding was performed with 100% reliability.

Data Analysis Strategies

In this meta-analysis, because studies with a sample size less than 20 were also included, the effect
size index used was Hedges' g. The calculated effect size can be interpreted as "weak" if it is between
0 and 0.20, "small" if it is between 0.21 and 0.50, "medium" if it is between 0.51 and 1.0, and "strong"
if it is greater than 1.0 (Cohen et al., 2007, p.521). The general effect size is calculated by combining
the determined effect sizes according to two different models, the fixed and random effects models. If
the primary studies are collected from a single field of research, it is recommended to use the random
effects model without performing a heterogeneity test (Borenstein et al., 2009, p.86). Therefore, in this
study, the general effect size was calculated according to the random effects model, but the
heterogeneity test was also used to determine the presence and magnitude of variance among the
studies. The magnitude of heterogeneity is interpreted according to the 12 index. An 12 value of up to
25% is considered low heterogeneity, up to 50% is considered medium heterogeneity, and up to 75%
is considered high heterogeneity (Higgins et al., 2003). In order to determine the source of
heterogeneity among the studies, categorical moderator analysis was conducted according to the
method and approach used, the type of study, and the teaching level. In addition, meta-regression
analysis was conducted to determine whether the application period was a significant predictor. Meta-
regression is used to determine whether a model established to explain the variance among the effect
sizes of any independent but continuous variable is significant (Kanadli, 2019, p.25). Finally, the
funnel plot and Egger's Trim and Fill Test were used to determine whether there was publication bias
in the included studies and its impact, and Rosenthal's Protected N was performed. In conducting the
meta-analysis in this study, MS Office programs, CMA 2.0 software, and R package were used.

Findings

The results of the study showed that the effects of teaching the subject of Matter and Nature with
different teaching methods on academic achievement were conveyed in Figure 2 for the 38 studies
included in the meta-analysis. Figure 2. Forest Plot of the Studies Included in the Study.
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Figure 2. The Forestplot of the studies Included
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In the forest plot, it can be seen that the effect sizes of the 38 studies included in the meta-analysis
range from -0.709 to 3.021. Kacar's (2012) study with an effect size of 3.021 (%95 ClI: 2.182; 3.861) is
a potential outlier, but when the weight of the study is considered, its contribution to the overall effect
size is similar to that of the other studies. Therefore, it has not been excluded from the analysis. As
shown in the figure, 84.2% (n=32) of the studies included in the meta-analysis showed a significant
(p<.05) effect size, while 15.8% (n=6) did not show a significant (p>.05) effect size. 10.5% (n=4) of
the effect sizes were in favor of the control group, while 89.5% (n=34) were in favor of the
experimental group. When the effect sizes of the 38 studies were combined according to the random
effects model, the lower and upper limits of the overall effect size were calculated as 0.548 and 0.961,
respectively, with an overall effect size of 0.754. This value is significantly different from zero
(z=7.15, p<.01) and is at the moderate level according to the classification of Cohen et al. (2007).
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Therefore, it can be said that the teaching methods and approaches used in teaching the matter and
nature unit have a moderate effect on students' achievements. However, when the range of estimates
showing how the real effect sizes are distributed around the overall effect size is examined, it can be
seen that approximately 95% of the population is estimated to have a real effect size ranging from -
0.449 to 1.957. This means that although the overall effect size is positive (in favor of the
experimental group), some studies may have a real effect that is negative (in favor of the control
group). In other words, it cannot be said that the teaching methods and approaches used in teaching
matter and nature are effective in every study.

When the results of the heterogeneity test were examined, it was found that the heterogeneity of the
studies was significant (Q7=208.55, p<.01) and at a high level (1>=%82). These results show that the
studies are different from each other and that this difference is due to factors other than sampling error.
In this case, it is recommended to perform moderator analysis to determine the source of the variance
(Card, 2012). In the context of this study, possible sources of variance were examined in terms of the
method and approach used in the experimental process (Computer-supported teaching-CST,
Collaborative teaching-CT, Problem-based teaching-PBT, and Argumentation-based teaching-ABT),
and class level (grades 5, 6, 7, 8). The results of the categorical moderator analysis are presented in
Table 3.

Table 3. The Result of Categorical Moderator Analysis

Categories Effect 95% C.I. Heterogeneity
k Size L.L. U.L. p Qo af p
1. Method 38 0.659 0.475 0.844 0.00 3776 3 0.29
Strategies

ABT 4 0.531 0.170 0.892

CST 14 0.779 0.441 1.116

CL 17 0572 0.277 0.866

PBL 6 1.344 0.491 2.197

2. Teaching Level 38 0.709 0.547 0.870 0.00 9115 3 0.06
5.Grade 2 0.773 0.437 1.109

6.Grade 26 0.710 0.441 0.980

7.Grade 6 1.159 0.672 1.646

8.Grade 2 0.746 0.351 1.140

Undergraduate 1 2 0.169 -0.276 0.614

As seen in Table 3, the studies were grouped according to the method and approach and the teaching
level and the effect sizes were calculated according to the random effects model. As a result of the
categorical moderator analysis, it was observed that the methods/approaches used in the teaching of
the nature of the matter had a "moderate” level of meaningful effect (ES = 0.659, p <.05) on the
academic success of the students. According to the classification of Cohen et al. (2007),
argumentation-based teaching (ES = 0.531), collaborative teaching (ES = 0.572), and computer-
supported teaching (ES = 0.779) had a "moderate" level of effect on academic success, while problem-
based teaching (ES = 1.344) had a "strong" level of effect. However, the overall effect size did not
show significant differences according to the method/approach used.

As seen in Table 3, when the categorical moderator analysis, which contributes to the heterogeneity of
the class level where the experimental procedure is performed, is examined, it was determined that the
class level is not a significant moderator (p >.05). It was determined that the highest effect of the
methods used in the teaching of the nature of the matter on academic success was in the 7th grade (EB
= 1.159), while the lowest was at the Undergraduate 1 (ES = 0.169) level. According to this result, it
can be said that the methods and approaches used in the teaching of the nature of the matter are
effective at the middle school level (p <.05), but not effective at the university level (p >.05).

To explain the heterogeneity among the studies, the duration of the experimental procedure (Weeks)
was selected as an independent variable. Of the 38 studies included in the meta-analysis, 11 did not
report how many weeks the experimental procedure was applied. Therefore, meta-regression analysis
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was performed to explain the variance among the studies, as the duration of the application was not
categorical but continuous. The results of the meta-regression are presented in Table 4.
Table 4. The Result of Meta-Regression

Regression Q df p-value
Model 0.05059 1 0.82204
Residual 27.40631 25 0.33590
Sum 27.45690 28 0.38569

According to Table 4, the model we tried to explain the variance among the studies with the duration
of the application is not significant (p >.05). Based on this result, it can be concluded that the duration
of the experimental procedure is not a significant predictor.

Publication Bias

To determine the publication bias, the studies were classified as published (article) and unpublished
(thesis) and it was examined whether there was a significant difference in terms of publication status.
If there is no significant difference in the publication status of the studies, it can be concluded that
there is no publication bias (Card, 2012, p. 262). As a result of the moderator analysis, it was
determined that the overall effect size did not show a significant difference according to the type of
publication (Q(1) = 0.001, p >.05). Therefore, it can be concluded that there is no publication bias. In
order to definitively determine whether there is publication bias, the funnel plot, Begg-Mazumdar
Sequence Correlation, Egger's Trimming Test, and Rosendhal's protected N were examined. The
funnel plot for the overall effect size calculated for success is given below.

o —

0.214 0.107

Standard Error

0.321
|
0

0.428

Observed Outcome
Figure 3. Funnel Plot

As seen in Figure 3, the effect sizes are not symmetrically distributed around the overall effect size.
When the sequence correlation and regression test were examined to determine whether this
asymmetry was significant, both tests were found to be significant (p = 0.0018 and p <0.0001,
respectively). Therefore, it can be said that there may be publication bias in the study. In addition to
these tests, Rosenthal's Protected N was examined to determine whether the calculated effect size was
strong. The Rosenthal's Protected N test result determined that it would take 2525 studies to make the
effect size meaningless. When it is considered that the threshold value for this meta-analysis study was
220 (5x42+10), it can be said that the calculated effect size is not due to publication bias and is strong.
In general, when the publication bias analysis is evaluated, although the funnel plot has a significant
asymmetry, it can be concluded that there is no publication bias in the study due to the lack of
significant difference in the publication status of the studies and the strong effect size.
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Discussion

This meta-analysis study was conducted to calculate the overall effect size of methods used in the
teaching of matter and nature and to determine whether these methods create a significant difference in
effect size according to the duration of application and teaching level. In this study, 38 primary studies
were included. When the effect sizes were combined according to the random effects model, the lower
bound of the overall effect size was calculated as 0.548 and the upper bound was 0.961 with an overall
effect size of 0.754. This value is significantly different from zero (z=7.15, p<.01). According to the
classification of Cohen et al. (2007), the overall effect size is of "medium” level. Therefore, it can be
said that the computer-supported, collaborative, problem-based, and argumentation-based teaching
methods are effective in increasing academic success in the teaching of matter and nature. However,
when the confidence interval (%95 CIl: -0.449; 1.957) that shows how the real effect sizes are
distributed around the overall effect size is examined, it cannot be said that the methods and
approaches used in the teaching of matter and nature will be effective in every study. Indeed, while the
methods/approaches used in many primary studies have been effective in the teaching of matter and
nature (e.g. Kacar, 2012; Yalcin, 2008; Dasdemir, 2013; Firat, 2014), they have not been effective in
some studies (e.g. Kolemen, 2018; Bektas, 2012; Guzel, 2018; Okumus et al., 2017).

The subject of matter and nature, which is included at every level of education, contains more abstract
concepts as of the 6th grade curriculum (Yilmaz, 2020; Polat, 2005). This situation causes problems in
teaching by making it difficult to concretize abstract concepts in subjects such as atoms, chemical
properties, the periodic table, and acids and bases (Kakiz, 2019; Demircioglu et al., 2019). The
inability to relate these concepts that are difficult to concretize to daily life and the difficulty of
learning them also causes difficulties in teaching (Kakiz, 2019; Demircioglu et al., 2019). The labeling
of the subject of matter and nature, which requires abstract thinking skills, as something that needs to
be memorized and the failure to understand why it needs to be taught also cause difficulties in
teaching (Yilmaz, 2020; Kakiz, 2019; Kenan and Ozmen, 2011).

A heterogeneity test was conducted in the study to determine the presence and size of heterogeneity
among the methods used in the field of matter and nature. The heterogeneity test was significant
(Q@7)=208.55, p<.01) and heterogeneity was found to be at a high level (1>=%82). These results
indicate that the studies are different from each other and that this difference is due to factors other
than sampling error. Therefore, a categorical moderator analysis was conducted to determine which
characteristics of these studies contribute to this variance. The categorical moderator analysis was used
to examine whether the method and approach used in the studies (PBL, CL, ABL) and the level of
education of the samples in the studies (5th grade, 6th grade, 7th grade, 8th grade, 1st year of science)
were significant moderators.

The results of the moderator analysis show that the teaching methods/approaches used in the teaching
of the matter and nature unit have a "medium" level of significant impact (ES = 0.659, p <.05) on
students' academic achievement. According to the classification of Cohen et al. (2007), argumentation-
based teaching (ES = 0.531), collaborative learning (ES = 0.572), and computer-supported teaching
(ES = 0.779) have a "medium" level of impact on academic achievement, while problem-based
learning (ES = 1.344) has a "strong" level of impact. Although problem-based learning has the largest
effect size, the overall effect size does not show a significant difference (Q) = 3.776, p>.05) based on
the method/approach used. This result indicates that argumentation-based teaching, collaborative
learning, computer-supported teaching, and problem-based learning may be approximately equally
effective in increasing academic achievement in the teaching of matter and nature. Meta-analysis
studies on argumentation-based teaching (Inam and Guven, 2019; Sari and Sasmaz Oren, 2019;
Alemli, 2019; Karakus and Yalcin, 2016) and collaborative learning (ileri, Selvi and Kose, 2020;
Bakioglu and Goktas, 2020; Camnalbur and Mutlu Bayraktar, 2018) also show that these methods
have positive effects on academic achievement. In addition, computer-supported teaching (Batdi and
Anil, 2020; Ozdemir, Aslaner and Acikgun, 2020; Dikmen and Tuncer, 2018; Camnalbur, 2008;
Dincer, 2015; Demir and Basol, 2014) and problem-based learning (Can and Gersil, 2021; Chen and
Yang, 2019; Kaya, 2016; Ayaz, 2015; Celik; 2013) have also been found to be effective in increasing
academic achievement in various meta-analysis studies.

The results of the categorical moderator analysis carried out to determine whether the level of the class
where the experimental process is carried out is a significant moderator contributing to heterogeneity

94



ﬂ’ MSKU Journal of Education
¥ ISSN 2148-6999 Volume 10, Number 1, (2023) May

show that the level of the class is not a significant moderator (p>.05). It has been determined that the
effect of the methods used in teaching the nature of matter on academic achievement is highest in 7th
grade (ES=1.159) and lowest in Undergraduate 1 (ES=0.169). When the confidence intervals for each
class level are examined, it was found that the methods and approaches used in teaching the nature of
matter were effective at the middle school level (p<.05), but not significant at the university level
(p>.05). At the middle school level, despite the fact that the subject of matter and nature contains
abstract concepts, it is easier to transfer it by concretizing it due to the narrower scope and basic level
(Karacali, 2022; Pak, 2022). On the other hand, the subject of matter and nature is expressed in more
abstract concepts at the undergraduate level, which makes it difficult for undergraduate students,
teacher candidates and even teachers to understand and transfer (Karacali, 2022; Calik and Ayas,
2005; Kalin and Arikil, 2010; Piquette and Heikkinen, 2005). In addition, while the subject of matter
and nature is micro in scale at the middle school level, it is transferred as macro. On the contrary, at
the undergraduate level, the subject of matter and nature is dealt with in more depth at the micro level
and transferred. This distinction in the transfer of the subject may be the reason why the teaching
method used at the middle school and undergraduate levels is not significant (Jaber and BouJaoude,
2012).

According to the results of this meta-analysis study, it has been determined that the methods used in
teaching the subject of matter and nature are effective in teaching the subject, but there is no
significant difference between them. It can be said that the teaching of the subject of matter and nature
can be effectively taught at the middle school level (grades 5, 6, 7 and 8) when problem-based
teaching, collaborative teaching, computer-assisted teaching or argumentation-based teaching is used,
compared to the college level.

Suggestions and Limitations

In this study, the studies compiled were limited to national field literature. Future meta-analysis
studies on this topic could produce stronger results by including national and international field
literature. In order to conduct a meta-analysis study with healthy inclusion criteria, it was required that
at least four studies be available for each research method. However, some research methods did not
have enough studies available, resulting in their exclusion from the analysis. Therefore, more studies
using different research methods are needed in the field literature.

In recent years, the effect of teaching methods on academic performance has been a frequently studied
topic. Meta-analyses, which combine and compare different methods to determine the sizes of their
effects, have also been included in the literature. However, it has been found that there are not enough
meta-analyses that combine the results of different methods used to teach a subject and generalize
them. This study was carried out to determine the effect of different methods and techniques used in
the teaching of the "Nature and Substance" subject on academic performance. In future studies, meta-
analyses can be conducted to determine the relationships between methods and attitudes used in the
teaching of the "Nature and Substance" subject and higher cognitive levels.

The results of this research show that the methods used in the teaching of matter and nature are
effective in teaching the subject. Therefore, different teaching programs can include collaborative
learning, problem-based learning, argumentation-based teaching, and computer-supported teaching
methods to increase the academic success of students. In addition, it has been determined that these
methods are not effective at the university level. As the concepts of matter and nature become more
abstract compared to middle school subjects, it is also worth trying to update the methods used by
incorporating technology into them to increase the effectiveness of the methods that can be used. This
would be a step towards increasing the effectiveness of the methods.
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Arastirma Makalesi
Madde ve Dogas1 Konusu Ogretiminde Kullanilan

Yontemlerin Etkililiginin Incelenmesi: Meta Analiz
Calismasi

Ozge Goktiirk®, Sedat Kanadli*

Makale Hakkinda Ozet
Bu calismanin amaci madde ve dogast konu alanimin 6gretiminde kullanilan en
Gond. Tarihi: 22.04.2022  y400150 yontem ve yaklasimlarin akademik basar: iizerindeki etkilerini inceleyerek
Kabul Tarihi: 06.01.2023 etki biiyiikliigii en fazla olan yontem ve yaklasumi belirlemektir. Bu amagla 2000-
Yayn Tarihi: 01.05.2023 2020 yulart arasinda Tiirkiye 'de yiiriitiilmiis ve icerme édlgiitlerini karsilayan 38
deneysel ¢calisma meta-analiz yontemiyle incelenmistir. Bireysel ¢calismalarin etki
biiyiikliikleri icin Hedges g indeksi kullanilmistir. Genel etki biiyiikliigiinii
hesaplamak i¢in bireysel ¢alismalarin etki biiyiikliikleri rastgele etkiler modeli ile
birlestirilmistir. Yapilan meta-analiz sonucunda genel etki biiyiikliigiiniin orta

Anahtar Kelimeler diizeyde (g=0.754) ve anlamli (p<.05) olarak belirlenmistir. Etki biiyiikliikleri
Akademik basari arasindaki varyansin anlamlhihigini belirlemek amacryla yapilan heterojenlik testi
Madde ve dogasi anlamli (p<.05) c¢ikmigtir. Varyansin kaynagini belirlemek igin yontem ve
Meta-analiz yaklasim, ogretim kademesi ve yayin tiiriine gore kategorik moderatér analizi

yapilmigtir. Bu test sonucunda yontem ¢esidinin anlamli bir moderator oldugu
ogretim kademesi ve yaywn tiriiniin anlamli olmadigr belirlenmistir. Deneysel
islemin uygulama siiresinin etki biiyiikliiklerinin anlamli bir yordayicisi olup
olmadigini belirlemek icin yapilan meta-regresyon sonucunda uygulama stiresinin
anlaml bir yordayict olmadigr (p<.05) belirlenmistir.

Meta-regresyon
Moderator analizi

Goktiirk, O. & Kanadli, S. (2023). Investigation of the effectiveness in the

Atif icin: methods used for teaching subject of matter and its nature: A meta-analysis study.
Journal of Mugla Sitki Kocman University Faculty of Education [MSKU], 10(1),
85-102. DOI: 10.21666/muefd.1107405

Fen bilimlerinin bir dal1 olan kimya 6zellikle maddelerin yapilarin1 ve birbirleriyle olan etkilesimlerini
inceler. Maddenin dogasmin incelemesi kimya bilimine temel bilimler arasinda dogayi anlama
acisindan onemli bir yere sahiptir. Bu dogay1 anlama ¢abasi, Fen ve Teknoloji dersinin konu alanlart
arasinda genis bir yer tutar. Milli Egitim Bakanlhigmin yaymladigi 3.-8. Smmif Fen Bilimleri Ogretim
Programi incelendiginde bu dersin toplama ders saatinin yaklasik %19 unu madde ve dogasi konu
alan1 olusturmaktadir. Bu konu alani ilkokuldan iiniversiteye kadar egitim sisteminin hemen her
basamaginda O6grencilerin karsisina ¢ikmaktadir. Ancak bu konunun anlagilmasinin her 6grenim
basamagi i¢in zor oldugu bilinmektedir ¢iinkii her seviyedeki 6grencinin hatta fen bilimleri ve kimya
Ogretmenlerinin de bu konu hakkinda 6nemli kavram yanilgilarina, yanlis kavramalara sahip olduklar
cesitli calismalarda ortaya konulmustur (Adadan, 2014; Adadan, 2013; Ultay ve Calik, 2012; Adadan
vd., 2010; Calik vd., 2006; Ayas ve Ozmen, 2002; Demircioglu, 2003; Ozmen, Ayas ve Costu, 2002;
Ayas, 1995. Maddenin tanecikli yapisi konusunun anlasilmasinda bu kadar zorluklarla
karsilagilmasinin sebebi konunun soyut yapisindan kaynaklanmaktadir (Adadan vd., 2010; Calik ve
Ayas, 2002; Demircioglu vd., 2012; Doymus, 2007; Karac¢ép, 2016; Ultay ve Calik, 2012).

Ogrenciler arasinda madde ve dogasina iliskin yaygin kavram yanilgilarmin kaynaklarindan biri
Ogrenci okul egitiminden 6nce ¢evresinde gordiigii olaylardan yola ¢ikarak maddenin tanecikli degil;
siirekli bir yapida oldugunu diisiinebilmektedir. Ogrenciler bu diisiincelerinin sebebi olarak katilarn ve
sivilarin sikistirilamadigini belirtmektedirler (Ayas ve Ozmen, 2002; Griffiths ve Preston, 1992). Bu
nedenle alan yazin incelendiginde maddenin tanecikli yapistyla ilgili 6grencilerin sahip oldugu bir¢ok
kavram yanilgisi rapor edilmistir (Azizoglu ve Geban 2004; Margel vd., 2004; Boz, 2006; Altinytizik,
2008; Miller, 2008; Aydin ve Akgiin, 2009; Kariper, 2013; Cayan ve Karsl, 2015). Bu kavram
yanilgilarinin en yaygin olanlar1 soyledir: (i) atomlar ve molekiiller makroskobik 6zelliklere sahiptir.

3 MEB, Aydmceik CPAL — ozgegokturk@ hotmail.com—.ORCiD No: 0000-0002-2600-6510
4 Mersin Universitesi— sedatkanadli@gmail.com- ORCID No: 0000-0002-0905-8677
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(i1)) Molekiiller goriilebilir biiyiikliiktedir. (iii) Atomlarin hepsi kiire seklindedir. (iv) Madde
wsitildiginda kiitlesi azalir, bu nedenle suyun kati hali en agir, gaz hali en hafiftir. (v) Hal degisimi
esnasinda molekiil i¢ci baglar kirilmaktadir. (vi) Suyun tanecikleri su damlalaridir. (vii) Su molekiilii
gozle goriilebilir biiylikliiktedir. (viii) Kat1 halde tanecikler hareketsizdir. (ix) Atomlar mikroskop
altinda goriilebilecek biiyiikliiktedir. (x) Sivi halde tanecikler arasinda baglar varken, kati halde baglar
yoktur, (xi) Gazlarin kiitlesi yoktur gibi.

Madde ve dogasina yonelik olusan bu kavram yamilgilart 6grencilerin akademik basarilarimi da
olumsuz yonde etkilemektedir. Yanlis ve eksik ogrenmelerin sebep oldugu basarisizligin cesitli
Ogretim yontemleri kullanilarak minimum diizeye diisiliriilmesine yonelik alanyazinda ¢esitli
caligmalar bulunmaktadir (Karacali, 2022; Can ve Gersil, 2021). Bu 6grenme giicliiklerinin {istesinden
gelmek ve kimyanin dogru olarak anlasilabilmesi ve akademik basarinin artirilabilmesi i¢in mikro,
makro ve sembolik boyut olmak iizere kimyanin {i¢ boyutun dogru olarak anlagilmasi ve
iligkilendirilmesi gerektigini belirtmektedir (Jaber ve Boujaoude, 2012; Treagust vd., 2003). Makro
boyut gozlemlenebilen olgular, durumlar ve deneyimlerle; mikro boyut gozle goriilmeyen tanecikler,
yapisal formiiller ve zihinde olusturululan gériintiiler ile ve sembolik boyut ise kimyasal denklemler
ve grafikler gibi matematiksel ifadeler ve grafikler ile ilgilidir (Cavdar ve digerleri, 2016; de Berg,
2012; Calik ve digerleri, 2006; Ozmen ve Ayas, 2003). Makro boyutta gézlemlenen olaylara maddenin
sekli, rengi, hal degisimleri; mikro boyutta gergeklesen olaylara atom ve molekiillerin hareketleri,
elektron alip verme gibi olaylar; sembolik boyuta ise elementlerin sembolleri, bilesiklerin formiilleri,
kimyasal denklemler 6rnek verilebilir (Talanquer, 2011).

Kimyanin tam ve dogru olarak anlasilabilmesi icin {i¢ boyutun birbiriyle dogru sekilde
iligkilendirilmesi saglanmalidir (Okumus ve digerleri, 2017; Talanquer, 2011; Pekdag ve Le Maréchal,
2010). Yapilan galismalarda 6grencilerin makro ve sembolik boyutu anlamada basarili olduklar ancak
mikro boyutu anlamakta gii¢liik cektikleri, olaylar1 iligkilendiremedikleri ve bu sebepten dolay1
kimyanin temeli olan ve diger konulara kaynak olusturan madde konusu ile ilgili olarak ¢ok fazla
kavram yanilgisina sahip olduklari ve dolayisiyla basarilarmin diisiik oldugu belirlenmistir (Cavdar ve
digerleri, 2016; Okumus vd., 2014; Adadan, 2013; Demircioglu ve Ugar, 2012; Adadan ve digerleri,
2010; Calik ve Ayas, 2002). Ayrica dgrencilerin mikro boyuttaki olaylart makro boyutta agiklamaya
egilimli olduklari, maddenin tanecikli yapisin1 kavrayamadiklari tespit edilmistir (Cavdar vd., 2016;
Okumus ve digerleri, 2014; Demircioglu ve digerleri, 2012; Adadan ve digerleri, 2010; Kalin ve
Arikil, 2010). Madde ve dogast konusunun Ogretiminde kalici1 ve etkin Ogrenmeler saglayarak
akademik basariy1 artiric1 yonde etkileri olan 6grenci merkezli farkli yontemler bulunmaktadir (Can ve
Gersil, 2021; Cavdar ve digerleri, 2016; Adadan, 2013; ileri, Selvi ve Kose, 2020; Batd1 ve Anil, 2020;
Ayaz, 2015). Alanyazin incelendiginde madde ve dogasinin O6gretiminde etkili oldugu deneysel
caligmalarla belirlenen bir¢ok yaklagim ve yontem One ¢ikmaktadir. Bu yaklagim ve yontemlerin en
yaygin olanlarinin; bilgisayar destekli ogretim, isbirlikli 6gretim, probleme dayali Ogretim ve
arglimantasyon temelli 6gretim oldugu goriilmektedir.

Bilgisayar Destekli Ogretim

Fen bilimlerinin 6énemli alt dallarindan biri olan kimya, giinliikk yasamda gdzlenemeyen bir¢ok soyut
kavram igerdigi i¢in anlatilmasinin ve anlasilmasinin zor olmasina neden olmaktadir. Makroskobik ve
mikroskobik olaylar aras1 etkilesimin algilanamamasi ¢ogu kavramin 6grenilmesine engel olmaktadir.
Ozellikle Maddenin Tanecikli Yapisi, Kimyasal Baglar gibi konularin zihinde canlandiriimasinda
ogrenciler giicliik ¢ekmektedirler (Ozmen, 2008; Adadan, Irving ve Trundle, 2009). Bilim ve
teknolojideki degisimlerle birlikte egitim sistemimize kaginilmaz bir sekilde giren bilgisayar destekli
Ogretim, Ogrenci ve Ogretmenlere egitim etkinliklerinde yardimci olmustur (Kaptan ve Korkmaz,
1999). Bilginin hizla artmasi, igeriklerin karmasik hale gelmesi, giiniimiiz iletisim araglarinin baginda
gelmesi, gorsellik ve isitsellik dzellikleri ile birden fazla duyu organina hitap etmesi gibi ¢ok sayida
ihtiyac1 gidermeye yarayan bilgisayar destekli ogretim son yillarda popiiler yaklagimlardan biri
olmustur (Okur ve Unal, 2010). Bilgisayar destekli dgretim uygulamalar1 yardimiyla tanecikler
diizeyindeki molekiiler etkilesimlerin goriilmesi kavramlarin daha etkin ve anlamli sekilde
Ogrenilmesini saglamaktadir (Akcay vd., 2005; Kaptan ve Korkmaz, 1999). Ayrica bu o6gretim
yonteminin soyut kavramlari somutlagtirmaya yardimci oldugu, hatirda kalma siiresini artirdigi ve
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ezbere dgrenmenin Oniine gegtigi alan yazin ¢alismalar ile de belirlenmistir (Ozmen ve Dénmez Usta,
2017; Kaptan ve Korkmaz, 1999).

Isbirlikli Ogretim

Isbirlikli grenme, dgrencilerin egitim ortaminda bir problem ¢ézme veya bir gérevi gerceklestirme
gibi belirli bir ortak amaci gerceklestirmek {izere, akademik bir konuda birlikte ¢alisma ve birbirlerinin
ogrenmelerine yardimci olduklari bir 6grenme yaklagimi olarak tanimlanabilmektedir (Demirel, 2002;
Senemoglu, 2004). Isbirlikli &grenmede siire¢ boyunca biitiin dgrenciler esit sansa sahiptir
(Biiytikkaragdz, 1997). Esas amag Ogrencilerin bir grup igerisinde beraber calismasi ve birbirlerine
kars1 olan sorumluklarini yerine getirmeleridir. Siireci yoneten, gruplarin etkin ¢aligmalarini1 ve grup

tiyelerinin sorumluluklarini yerine getirip getirmedigini gozlemleyen kisi 6gretmendir (Gomleksiz,
1993).

Probleme Dayali Ogretim

Probleme dayali 6gretim temellerinin John Dewey’in Ogrencilerin arastirmaya ve yaratmaya karsi
duyduklan ilgiden yola ¢ikarak egitilmeleri gerektigi goriisiine dayandigi ve 1960’11 yillarda tip
fakiiltesindeki 6grencilere uygulanmasi ile baslamis bir 6gretim siirecidir (Senocak, 2005). Ozellikle
tip ve miihendislik fakiiltelerinde temel konularm/kavramlarin &gretilmesinde, yetenek ve bakisg
acilarinin gelistirilmesinde, ilerletilmesinde ve olas1 problemlerin ¢6ziimiinde uygun seceneklerin
bulunmas: hedeflenmektedir. Ger¢ek veya olast problemlerin ortaya atildigi, elestirel ve yaratici
diistinme becerilerini gelistirme, karar alma ve yaraticilik gibi becerileri gelistirmektedir (Aydogdu,
2012). Fen egitiminde 6zellikle ¢evresel sorunlar hakkinda fikir gelistirme, 6grencilere yaratici ¢ozim
becerileri sunma gibi alanlarda yapilan caligmalar rastlanmaktadir (Tosun, 2010; Senocak ve
Tagkesenligil, 2005; Aydogdu, 2012).

Argiimantasyon Temelli Ogretim

Geleneksel yontemle islenen laboratuvar ¢alismalarina alternatif olarak arastirmaya dayali laboratuvar
kullanimina yonelik yaklagimlardan biri de argiimantasyon tabanli bilim 6grenme (ATBO)
yaklagimidir. Bu yaklagim, aragtirma-sorgulama temelli 6grenme ortamlarinda argiimantasyon yolu ile
bilimsel bilginin iiretilmesini biligsel ve {iist biligsel 6grenmeyi harekete gecirmeyi amacglayan bir
uygulamadir (Driver, Newton ve Osborne, 2000). Bu yaklasimda 6grenci ve 0gretmenler i¢in taslak
sablonlar olusturulmustur. Ogrenciler baslangi¢ sorularini belirlemekte, bu sorularina uygun hipotezler
gelistirmekte, iddialarin1 ve bu iddialara yonelik olarak kanitlarii olusturarak birden fazla kaynak
kullanarak arastirmakta, iddia ve kanitlarim1 destekleyecek ya da ciiriitecek bilgiler ortaya
¢ikarmaktadir (Koseoglu ve Timay, 2015). Argiimantasyon siirecinde &grenciler bu asamalari
yaparken ayni zamanda dil becerilerini de gelistirmekte, resim, grafik veya denklem gibi ¢oklu
gosterimlerle de desteklemektedir (Ogreten ve Sagir, 2014; Aydin ve Kaptan; 2014; Cinici vd., 2014).
Arglimantasyon temelli dgretim fen egitiminde Onemli bir yeri olan laboratuvar uygulamalarinda
Ogrenci basarilar1 etkilerinde, tutumlarinda ve yazma becerileri gelisimleri {iizerine yapilan
caligmalarda kullanilmaktadir (Yesiloglu, 2007; Tiimay ve Kdseoglu, 2011).

Alan yazin incelendiginde yukarida agiklanan her bir yontem ve yaklasimla ilgili meta-analiz
calismalar1 bulunmaktadir. Ornegin Ayaz (2014) arastirmasinda proje tabanli 6grenme (PTO)
yaklagimimin, &grencilerin fen derslerine yonelik tutumlarini ve bu dersteki akademik basarilarina
etkisini belirlemek amaciyla bir meta-analiz calismasi yapmistir. Calisma sonucunda 6grencilerin fen
derslerindeki akademik basarilarina ve tutumlarina proje tabanli 6grenme yaklagiminin etkisinin orta
diizeyde oldugunu belirlenmistir. Bir diger ¢aligmada Balemen (2016) calismasinda meta-analiz
yontemi kullanarak fen egitiminde Proje Tabanli Ogrenme Yaklasimi'min (PTOY) akademik basar
iizerindeki etkisinin ne oldugunun ortaya cikarilmasi amag¢lanmistir. Calisma sonucunda projeye
dayali 6gretim yaklasimimin akademik basari iizerinde genis diizeyde bir etkisinin oldugunu ve en
biiyiik etkinin biyoloji konularmin 6gretiminde ve lise diizeyinde oldugunu belirlemistir. Orhan ve
Durak Men (2018)’de yaptiklar1 ¢alismada, web tabanli 6gretimin 6grencilerin fen egitimine etkisini
incelemistir. Calisma sonucunda web tabanli 6gretimin dgrencilerin akademik basarilar1 tizerinde
genis diizeyde bir etki biiyiikliigiine sahip oldugunu belirlemislerdir. Ozer (2019) tarafindan yapilan
calismada fen derslerinde Argiimantasyon Temelli Ogretim (ATO) kullanan ¢alismalarin akademik
basari, bilimin dogasi, tutum ve kavramsal anlama degiskenlerine etkisini incelemek amaciyla bir meta
analiz caligmasi aragtirmasi gergeklestirilmistir. Yapilan meta-analiz sonucunda argiimantasyonun
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Ogrencilerin akademik basar1 iizerinde genis, bilimin dogasi anlayisi ilizerine genis, fen derslerine
yonelik tutum {tzerine orta ve kavramsal anlama {izerine genis diizeyde etki ettigi sonucuna
ulasilmustir. Tleri (2019) Isbirlikli Ogrenme Yaklasimi'nin 8grencilerin akademik basarilarina etkisinin
meta analiz yontemi ile belirlenmesi amaglanmistir. Arastirma sonucunda, Isbirlikli Ogrenme
Yaklagimi’nin 6grencilerin akademik basaris1 iizerinde gii¢lii ve olumlu yonde bir etkiye sahip
oldugunu belirlemistir.

Bu meta-analiz caligmalarinda konu alani farki goézetilmeden genel alarak kullanilan yontem veya
yaklasimlarin etkililigi incelenmistir. Yukarida 6zetlenen meta-analiz calismalarindan farkli olarak bu
meta-analiz c¢alismada Ogrencilerde yaygin kavram yanilgilarina neden oldugu bilinen madde ve
dogas1 konu alaninin 6gretiminde kullanilan yontem ve yaklasimlarin etkililigi karsilastirilarak en
etkili yontemin belirlenmesi amaglanmistir. Boylece bu ¢alismanin madde ve dogasi konu alaninin
Ogretilmesi sirasinda ogretmenlere ve uygulayicilara kullanacaklar1 yontemleri belirlemelerinde katki
saglamasi agisindan 6nemli goriilmektedir. Bu nedenle bu meta-analiz ¢alismasinda asagidaki sorulara
yanit aranmistir:

1.Madde ve dogas1 konu alaninin 6gretiminde kullanilan yontemlerin genel etki biyiikligii nedir?
2.Madde ve dogasi konusunun 6gretiminde kullanilan yontemlerin etki biiylikliikleri arasinda anlaml
bir farklilik var midir?

3.Deneysel islemin uygulama siiresi, madde ve dogasi konusunun 6gretiminde kullanilan yontemlerin
etki biiytlikliigliniin anlamli bir yordayicist midir?

4 Madde ve dogasi konusunun Ogretilmesinde kullanilan yontemlerin genel etki biyiikligd,
uygulamanin yapildig1 6gretim kademesine gore anlamli bir farklilik gostermekte midir?

Yontem

Aragtirmada “Madde ve Dogas1” konusunun bir 6gretim yontemi kullanilarak 6gretimini temele alan
deneysel desenli caligmalarin genel etki biyikligiinii hesaplamak i¢in meta analiz yontemi
kullanilmigtir. Meta Analiz; belirlenen bir konu veya tema c¢ergevesinde deneysel calismalarin gesitli
Olciitlere gore gruplandirilarak elde edilen nicel verilerin birlestirilerek yorumlanmasidir (Dinger,
2014). Meta Analiz yonteminin amagclari arasinda; farkli bilimsel ¢aligmalarin sonucunda ortaya ¢ikan
ve birbirleri ile tutarlilik gostermeyen c¢aligmalart degerlendirmek, kiiciik 6rmeklemlerle yapilmis
caligmalar1 bir araya getirip Orneklem yelpazesini biiyiiterek istatistiksel giiclinii artirmak, ileride
yapilacak ¢aligmalara yardimci olmak ve yeni arastirma konularina isaret etmek bulunmaktadir (Akgil,
1995).

Alan Yazin Tarama Prosediirleri

Madde ve Dogasi konu alani temele alinmig 6gretim yontemlerinin kullanildigi ¢aligmalara ulagmak
icin Google Akademik, YOK Tez Merkezi veri tabanlar1 taranmistir. Veri tabami tarama islemi Mart-
Nisan 2018 tarihleri arasinda gerceklestirilmistir. Buna ek olarak Aralik 2020 tarihinde de tamamlayici
tarama yapilmistir. Bu veri tabanlarinda yapilan tarama isleminde 2000-2020 yillar1 arasinda
gerceklestirilmis ¢aligmalar sinirlandirilmis ve “Madde ve Dogasi”, “Maddenin Tanecikli Yapisi”,
“Fen Egitimi”, “Fen Bilimleri” ve “Madde” anahtar kelimeleri kullanilmistir. Konuyla ilgili olarak
elde edilen caligmalarin da kaynakg¢a kisimlari incelenerek eksik ¢alisma olup olmadigi kontrol
edilmistir. Tarama sonucunda Madde ve Dogasi ile ilgili arastirma yapilan 331 ¢aligmaya ulagilmistir.
Literature Search Prosedure

Calismalari icerme ve Dislama Olgiitleri

Madde ve Dogasi ile ilgili olarak yapilmis olan bir ¢alismanin bu meta-analiz arastirmasina dahil
olabilmesi igin belirli kriterler belirlenmigtir. Bunlar: (i) Tirkiye’de 2000-2020 yillar1 arasinda
calisilmis olmalidir.  (ii)) Madde ve Dogasi konusunun &gretimi ile ilgili bir &gretim yodntemi
kullanilmis olmalidir. (iii) Kullanilan 6gretim yonteminin akademik basariya etkisinin arastirilmig
olmalidir. (iv) Etki biiyiikliiklerini hesaplayabilmek amaciyla gereken nicel verilerin rapor edilmis
olmalidir. (v) Parametrik istatistiksel yontemlerin kullanmis olmalidir. (vi) Deney ve kontrol grubunun
bulundugu ¢aligmalar olmalidir. (vi) Madde ve Dogast ile yiiritiilen birincil ¢alismalarda kullanilan bir
yontemin veya yaklagimin diger yontemlerle anlamli bir sekilde karsilastirabilmek i¢in en az dort ayri
birincil ¢aligmada kullanilmis olmalidir. Madde ve Dogasi konusunu bir 6gretim yontemi ile ¢aligmis;
ancak parametrik olmayan testler kullanilan ¢aligmalar arastirmaya dahil edilmemistir.
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Belirlenen bu oOlgiitler dogrultusunda yapilan tarama sonucunda 331 ¢alisma incelenmistir. Bu
inceleme sonucunda parametrik testler kullanmayan, akademik basariy1 dogrudan 6lgmeyen c¢aligmalar
analizin diginda birakilarak 86 calismaya ulasilmistir. Elde edilen bu g¢alismalardan altisinda zayif
deneysel desenler kullanildigi, dérdiinde parametrik olmayan testler kullanildig1 ve 38 tanesinde ise
madde ve dogasi Ogretiminde kullanilan 6gretim yontemine yonelik yeterli sayida caligmanin
bulunmamasindan dolay1 meta-analize dahil edilmemistir. Sonug olarak bu meta-analiz arastirmasina
38 adet ¢alisma dahil edilmistir. Calismalar1 meta analize déhil etme ile ilgili olarak olusturulan akis
semas1 Sekil 1’de verilmistir.

Déahil Edilen Calismalarin Kalitesinin Degerlendirilmesi

Bu meta-analiz calismasina dahil edilen birincil arastirmalarin kalitesini degerlendirmek i¢in Pulye vd.
(2009) tarafindan gelistirilen degerlendirme sistemi kullanilmigtir. Bu deger sisteminde deneysel
caligmalarin degerlendirilmesinde ii¢ dlgiit belirlenmistir. Bu 6lgiitler; (i) deneysel islemin uygulama
siirecinin agiklanmasi ve orneklemin seckisiz olarak belirlenmesi, (ii) grup bilgisinin gizlenmesi, bir
bagka deyisle katilimcilarin deney ya da kontrol grubunda olup olmadiklarimi bilmemeleri, (iii)
kullanilan 6lgme araglarmin gegerliginin ve giivenirligini saglanmis olmasi ve veri kaybinin olmamasi.
Pulye vd. (2009) olusturdugu sisteme gore calismada yukaridaki odl¢iit karsilanmis ise bir puan,
karsilanmamis ise sifir puan verilmesini onermistir. Kanadli (2019) sosyal bilimlerde bu kriterleri
kismen karsilayacak ¢alismalarin olmasindan dolay1 yarim puan verilmesini 6nermistir. Meta-analiz
dahil edilen 38 calisma bu oOlgiitlere gore degerlendirildiginde ortalama 1 Puan alarak bu olgiitleri
kismen karsiladig: belirlenmistir.

Veri tabanlar1 taramasi sonucu belirlenen
kayitlar (n=331)

A 4

[ Tanimlama ]

Es kopyalar elendikten sonra kalan
kayitlar (n=298)

Baslik ve 6zet kismi taranan
kayitlar (n=298)

Harig tutulan kayitlar (n=212)

Uygun olmayan calismalar

\ 4 (n=48)
Uygunluk agisindan *Zay1if deneysel desen (n=6)
degerlendirilen ¢alismalar

\ 4

*Parametrik olamayan test

(n=86) kullanan (n=4)

*Etki biiyiikligiinii hesaplamak
i¢in gerekli katsayilari rapor

! etmeyen ¢alismalar (N=38)

Dahil edilen cahyma sayisi
(n=38)

[Dﬁhil edilen ] [Uygunluk ] [Tarama

Sekil 1. Dahil Etme Siirecine Iliskin Akis Semast
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Calismalarin Ozelliklerinin Kodlanmasi

Bu meta-analiz ¢alismasinin kapsaminin igerisine alman arastirmalar; (i) aragtirma raporunun
ozellikleri, (ii) ¢alismada kullanilan deneysel desen, (iii) 6rneklem o6zellikleri, (iv) uygulama siiresi,
(v) caligmada kullanilan yontem ve yaklagim ve (vi) etki biiyiikliikleri i¢in gerekli veriler gbz oniinde
bulundurularak kodlanmustir.

(i) Arastirma raporlarinin 6zellikleri: Bu kategoride arastirma raporlarinda bulunan yazarlarin
soyadlari, aragtirmanin tiiri ve yayinlanma tarihi kodlanmistir. Arastirmalarin tiiri; makale ve tez
caligmasi olarak siiflandirtlmistir.

(il)) Arastirma tasarimlari: Bu kategoride altinda Madde ve Dogasi konusunun iglemesinde
uygulama yontemlerinin akademik basariya etkisinin incelendigi 6n test-son test kontrol gruplu
calismalar kodlanmustir.

(iii) Orneklem 6zellikleri: Bu kategoride segilen 6rneklemin simf diizeyi kodlanmistir. Buna gére;
5-8.s1mif ortaokul, 9-12. Sinif lise ve tiniversite 6grencileri ise lisans olarak kodlanmaistir.

(iv) Uygulama siiresi: Deneysel islemin uygulama siiresi hafta olarak kodlanmigtir.

(v) Yontem ve yaklasimlar: Bu kategori altinda bilgisayar destekli 6gretim, isbirlikli 6gretim,
probleme dayali 6gretim ve argiimantasyon temelli 6gretim yontem ve yaklagimlari kodlanmustir.
Bilgisayar destekli 0gretim koduna; web tabanli 6gretim, akilli tahta destekli &gretim kullanan
calismalar dahil edilmigtir. Isbirlikli &gretim koduna; ayrilip-bilesme, &grenci takimlari-bagar
bolumleri vb. teknikleri kullanan ¢alismalar dahil edilmistir. Probleme dayali 6gretim koduna; proje
tabanli 6gretimi ve aragtirmaya dayali 6gretimi kullanan ¢aligmalar dahil edilmistir.

(vi) Etki biiytikliikleri i¢in gerekli nicel veriler: Bu kategoride deney ve kontrol gruplarinin 6n-test
puanlart arasinda anlamli bir farklilik yoksa deney ve kontrol gruplarinin son-test puanlari olan
orneklem sayisi, ortalama, standart sapma kodlanmistir. Eger On-test puanlari arasinda anlamli
farklilik varsa deney ve kontrol gruplarinin 6rneklem sayilari, ortalamalar1 ve standart sapmalar ile
birlikte Ontest-sontest korelasyon katsayilari kodlanmistir. Caligmalarda bu bilgiler eksik ise etki
biiytikliiklerini hesaplamak i¢in t testi, F testi ve anlamlilik (p) degeri kodlanmustir.

Kodlayici giivenirligi

Kodlayic1 giivenirligini belirlemek igin rastgele 20 ¢aligma se¢ilmis ve kodlama formu ile bir bagka
aragtirmaciya verilerek kodlamasi istenmistir. Kodlayicilar arasi giivenirlik uzlagsma orani= [(Uzlasilan
caligma sayisi)/(toplama calisma sayis1)]x100 (Orwin ve Vevea, 2009) formiili ile hesaplanmistir.
Buna gore kodlamanin %100 giivenirlikte yapildig: belirlenmistir.

Veri Analiz Stratejileri

Bu meta-analiz calismasinda 6rneklem sayis1 20°den kiiclik olan calismalar da dahil edildiginden
dolay1 etki biiylikliigii indeksi olarak Hedges’in g’si kullaniimistir. Hesaplanan etki biiytikligii eger 0-
0.20 arsinda ise “zayif”, 0.21-0.50 arasinda ise “kii¢iik”, 0.51-1.0 arasinda ise “orta”, 1.0’dan biiyiik
ise “gliclii” bir etki biiyikligii oldugu seklinde yorumlanabilir (Cohen vd., 2007, p.521). Belirlenen
etki biiyiikliikleri sabit ve rastgele etkiler modeli olarak iki farkli modele gore birlestirilerek genel etki
biiylikliigi hesaplanmaktadir. Birincil caligmalar alan yazindan toplanmissa heterojenlik testi
yapmadan rastgele etkiler modelinin kullanilmasini 6nermektedir (Borenstein vd., 2009, s.86). Bundan
dolay1 bu calismada rastgele etkiler modeline gore genel etki biiyiikliigli hesaplanmig; ancak
heterojenlik testi de ¢alismalar arasindaki varyansin varligini ve biiylikliigiinii belirlemek amaciyla
kullanilmistir. Heterojenligin biiyiikliigi 12 indeksine gore yorumlanmistir. 12 degeri %25’e kadar
diistik, %50’ye kadar orta ve %75’e kadar yiiksek heterojenlik olarak degerlendirilmektedir (Higgins
vd., 2003). Calismalar arasindaki heterojenligin kaynagini belirlemek i¢in kullanilan yontem ve
yaklasim, ¢aligma tiirii ve 6gretim kademesine gore kategorik moderator analizi yapilmistir. Bunun
yan1 sira meta-regresyon analizi uygulama siiresinin anlamli bir yordayici olup olmadigini
belirleyebilmek amaciyla yapilmistir. Meta-regresyon herhangi bagimsiz ancak siirekli bir degiskenin
etki biiyiikliikleri arasindaki varyansi agiklamak i¢in kurulan modelin anlamli olup olmadigini
belirlemek i¢in kullanilmaktadir (Kanadli, 2019, s.25). Son olarak dahil edilen ¢aligmalarda yayin
yanliligi olup olmadigimi ve etkisini belirlemek i¢in huni diyagrami ve Egger’in Kesen Testi
kullanilmigtir ve Rosenthal’in Korumali N’i yapilmistir. Bu ¢alismada meta analizin yapilmasinda MS
Office programlardan, CMA 2.0 yazilim1 ve R paket programi kullanilmustir.
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Bulgular

Arastirma sonucunda meta-analize dahil edilen 38 calismada Madde ve Dogas1 konusunun farkli
Ogretim yontemleriyle islenmesinin akademik basari iizerindeki etkilerini Sekil 2°de aktarilmigtir.

Study Hedges's g [95%-CI] zval P-value

Okumus vd., 2017 -0.050 [-0.604; 0.504] -0.177 086 1
Kizlkaya & Seven, 2017 0.000 [-0.497; 0.497] 0.000 1.00

Kilic vd., 2016 0.489[0.019; 0.960] 2.038 0.04 -
Aksoy & Doymus, 201 0.976[0.398; 1.554] 3.309 <0.01 —-
Ergin, 2007 0.316 [-0.121; 0.752] 1.416 0.16 E

Ayna, 2009 0.995[0.354; 1.636] 3.043 <0.01 -
Cavdar vd_, 2016 0.404 [-0.174; 0.983] 1.369 017 -l

Kilic, 2013 0.489[0.019; 0.960] 2.038 0.04 -l

Firat, 2014 1.908[1.171; 2.646] 5071 <0.01 { —i—
Yaman, 2008 0.726[0.228; 1.223] 2.857 <0.01 -
Zorlu, 2016 0.482[0.006; 0.958] 1.984 0.05 13
Pazar, 2020 1.199[0.537;: 1.861] 3550 <0.01 -
Bulus vd_, 2016 0.735[0.241; 1.228] 2915 <001 -
Gokulu, 2013 1.554[0.910; 2.198] 4728 <0.01 —-
Dasdemir, 2013 0.851[0.216; 1.486] 2625 <0.01 -
Dasdemir & Doymus, 2013 0.765[0.109; 1.421] 2.285 0.02 —-
Tavukcu, 2008 0.769[0.412; 1.126] 4219 <0.01 ]
Tarkoglu, 2014 0.013 [-0.574; 0.600] 0.042 097 -
Kenan, 2014 0.808[0.362; 1.254] 3548 <0.01 .
Danaci, 2018 0.932[0.553; 1.311] 4815 <0.01 L
Kolemen, 2018 -0.709[-1.138;-0.280] -3.239 <0.01 s d

Ates, 2018 0.594 [0.036; 1.152] 2.087 0.04 -l
Yalcin, 2008 2.138[1.450; 2.826] 6090 <0.01 C ——
Ozer, 2012 0.671[0.087; 1.255] 2.250 0.02 —-
Gokler, 2015 1.379[0.922;: 1.835] 5920 <0.01 -l
Aktas, 2013 0634[0.134; 1.134] 2483  0.01 S =
Kaya, 2018 0.959[0.447; 1.471] 3670 <0.01 -
Arli, 2014 0.487 [-0.011; 0.986] 1.915 0.06 -
Kabatas Memis, 2011 0.040 [-0.466: 0.546] 0.155 0.88 -
Kizilkaya & Seven, 2016 1.605[0998: 2212] 5186 <0.01 -
Kacar, 2012 3.021[2.182; 3.861] 7.056 <0.01 : ——
Hun, 2017 1.874[1.141;: 2607] 5009 <0.01 |
Moralar, 2012 1.295[0.586; 2.004] 3579 <0.01 -
Celik, 2010 0.625[0.016; 1.233] 2.012 0.04 ——
Guzel, 2018 -0.204 [-0.785: 0.378] -0686  0.49 -
Bektas, 2012 -0670[-1.233;-0.107] -2333  0.02 |

Atasoy vd., 2007 1.162[0.527; 1.796] 3589 <0.01 -
Akkas, 2017 0.633[0.188; 1.078] 2.790 <0.01 e 3
Random effects model 0.754 [ 0.548; 0.961] *
Prediction interval [-0.449; 1.957] -
Heterogeneity: /* = 82%, t° = 0.3408, %5, = 208.55 (p < 0.01) JL e
Test for overall effect: z = 7.15 (p < 0.01) 3 23 0% 2 3

Favors Control Favors Experiment

Sekil 2. Caligmaya Dahil Edilen Calismalarin Orman Grafigi

Orman grafiginde incelendigi iizere meta-analize dahil edilen 38 galigmanin etki biiytiklikleri -0.709
ile 3.021 arasinda degismektedir. Kagar’in (2012) galismast 3.021 (%95 CI: 2.182; 3.861) etki
bliytikliigi ile potansiyel bir u¢ degerdir; ancak ¢alisma agirligi incelendiginde bu ¢aligmanin genel
etki biiyilikliigline katkis1 diger calismalara yakindir. Bu nedenle analiz dig1 birakilmamistir.  Sekilde
gortildiigii gibi meta-analizde dahil edilen ¢alismalarin %84.2’si  (n=32) anlamli (p<.05) bir etki
biiyiikligii vermisken %15.8 ‘inin (n=6) etki biiyiikligii anlamli (p>.05) degildir. Etki biiytikliklerinin
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%10.5’1 (n=4) kontrol grubu lehine iken %89.5’i (n=34) deney grubu lehinedir. 38 calismanin etki
biiytikligi rastgele etkiler modeline gore birlestirilince genel etki biiyiikligl alt sinir1 0.548 ve tist
sinir 0.961 ile 0.754 olarak hesaplanmistir. Bu deger sifirdan anlamli bir sekilde farklidir (z=7.15,
p<.01) ve Cohen vd. (2007) siniflamasi referans alindiginda genel etki biiyiikliigii orta diizeydedir.
Buna gore madde ve dogasi lnitesinin Ogretiminde kullanilan Ggretim yontem ve yaklagimlari
Ogrencilerin basarilar1 lizerinde orta diizeyde bir etki biiylikliigline sahip oldugu sdylenebilir. Ancak
gercek etki biiyiikliiklerinin genel etki biiyiikliigli etrafinda nasil dagildigini gosteren tahmin araligi
incelendiginde tiim popiilasyonlarin yaklasin %95’inin -0.449 ile 1.957 arasinda degisen gercek bir
etki biiyiikliigiine sahip oldugu goriilmektedir. Bu nedenle genel etki biiyiikliigli pozitif olmasina
(deney grubu lehine) ragmen bazi ¢aligmalarda gercek etki negatif (kontrol grubu lehine) olabilir. Bir
bagka deyisle maddenin dogasinin 6gretiminde kullanilan yontem ve yaklasimlarin her calismada
etkili olacag1 sdylenemez.

Heterojenlik testi sonucu incelendiginde caligmalarin heterojenliginin anlamli (Qz7=208.55, p<.01) ve
yiiksek diizeyde (1°=%82) oldugu sdylenebilir. Bu sonuglar calismalari birbirinden farkli oldugunu ve
bu farklilik 6rnekleme hatas1 disindaki faktorlerden kaynaklandigimi gostermektedir. Bu durumda
varyansin kaynagini belirlemek igin moderator analizi yapilmasi 6nerilmektedir (Card, 2012). Bu
calisma baglaminda olas1 varyans kaynaklar1 olarak deneysel islemde kullanilan yontem ve yaklasim
(Bilgisayar destekli 6gretim-BDO, Isbirlikli Ogretim-I0, Probleme Dayali Ogretim-PDO ve
Argiimantasyon Temelli Ogretim-ATO), sif seviyesi (5, 6, 7, 8. smif) acisindan incelenmistir.
Kategorik moderator analizine iliskin sonuglar Tablo 3’te aktarilmistir.

Tablo 3. Kategorik moderator analiz sonuglari

Kategoriler Etki B. 95% Giiven Arahgi Heterogeneity
K (EB) Alt Simir Ust Simir p Qb df p
3. Yontem ve 38 0.659 0.475 0.844 0.00 3776 3 0.28
Yaklasim 0 7
ATO 4 0.531 0.170 0.892
BDO 14 0.779 0.441 1.116
IBO 17 0.572 0.277 0.866
PDO 6 1.344 0.491 2.197
4. Ogretim 38 0.709 0.547 0.870 0.00 9115 3 0.05
Kademesi 0 8
5.Simf 2 0.773 0.437 1.109
6.Smif 26 0.710 0.441 0.980
7.Smuf 6  1.159 0.672 1.646
8.Simif 2 0746 0.351 1.140
Lisans 1 2 0.169 -0.276 0.614

Tablo 3’te goriildiigi gibi ¢alismalar yontem ve yaklasim ve Ogretim kademesi olarak ayrilarak
gruplandirilmis ve rastgele etkiler modeline gore etki biiyiikliikleri hesaplanmistir. Yapilan kategorik
moderatér sonucunda maddenin dogasi iinitesinin &gretiminde kullanilan yontem/yaklagimlarin
ogrencilerin akademik basarilar1 lizerinde “orta” diizeyde anlaml bir etkiye (EB=0.659, p<.05) sahip
oldugu goriilmektedir. Cohen vd. (2007) smiflamasina gore argiimantasyon temelli Ogretim
(EB=0.531), isbirlikli 6gretim (EB=0.572) ve bilgisayar destekli 6gretim (EB=0.779) akademik basari
tizerinde “orta” diizeyde etkili iken probleme dayali 6gretimin (EB=1.344) “gii¢li” diizeyde etkili
oldugu belirlenmistir. Ancak genel etki biiytlikliigii, kullanilan yontem/yaklasima goére anlamli farklilik
gostermemistir.

Tablo 3’te goriildiigii gibi deneysel islemin yapildigi smif seviyesinin heterojenlige katki saglayan
kategorik moderatdr analizi sonucu incelendiginde simif seviyesinin anlamli bir moderatér olmadig:
(p>.05) belirlenmistir. Maddenin dogasinin 6gretiminde kullanilan yOntemlerin akademik basari
tizerindeki etkisinin en yiiksek 7. Sinifta (EB=1.159) iken en diisiik Lisans 1 (EB=0.169) seviyesinde
oldugu belirlenmistir. Bu sonuca gdére maddenin dogasimnin O6gretiminde kullanilan yontem ve
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yaklasimlar ortaokul diizeyinde etkili olurken (p<.05), finiversite diizeyinde etkili olmadig1
soylenebilir (p>.05).

Caligmalar arasinda var olan heterojenligi agiklamak i¢in deneysel islemin uygulama siiresi (Hafta)
bagimsiz bir degisken olarak se¢ilmistir. Meta-analize edilen 38 calismadan 11 tanesi, deneysel
islemin kac¢ hata uygulandigini rapor etmemistir. Uygulama siiresinin kategorik degil, siirekli
olmasindan dolay1 caligmalar arasindaki varyansi agiklamak i¢in meta-regresyon analizi yapilmistir.
Meta-regresyon sonucu Tablo 4’te aktarilmistir.

Tablo 4. Meta-regresyon sonucu

Regresyon Q df p-degeri
Model 0.05059 1 0.82204
Artik 27.40631 25 0.33590
Toplam 27.45690 28 0.38569

Tablo 4’e gore calismalar arasindaki varyansi uygulama siiresi ile agiklamaya calistigimiz modelin
anlamli olmadig1 (p>.05) goriilmektedir. Bu sonuca gore deneysel islemi uygulama siiresinin anlamli
bir yordayci olmadigi sonucuna varilabilir.

Yayimn Yanhhg

Yaym yanliligim1 belirlemek i¢in caligmalar yaymlanmis (makale) ve yaymlanmamis (tez) olarak
smiflandirilip yaymlanma durumuna gore anlamli farklilik gosterip gostermedigi incelenmistir.
Calismalarin yayinlanma durumuna gore anlamli bir farklilik yoksa yayin yanligi olmadig1 sonucuna
varilabilir (Card, 2012, s.262). Yapilan moderatdér analizi sonucu incelendiginde genel etki
biiylikliiglinlin yayin tiiriine gore anlamli bir farklilik géstermedigi (Q(1)= 0.001, p>.05) belirlenmistir.
Dolayistyla yayimn yanlilig1 olmadigi sonucu ¢ikarilabilir. Yayin yanliligt olup olmadigini kesin olarak
belirleyebilmek amaciyla huni grafigi, Begg-Mazumdar Sira Korelasyonu, Egger’in Kesen Testi ve
Rosendhal’in korumali N’i incelenmistir. Basar1 i¢in hesaplanan genel etki biiyiikliigiine dair huni
grafigi agsagida verilmistir.
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Sekil 3. Huni grafigi

Sekil 3’te goriildiigii gibi etki biiyiikliikleri genel etki biiyiikliigliniin etrafinda simetrik olarak
dagilmamistir. Bu asimetrinin anlamli olup olmadigini belirlemek igin sira korelasyonu ve regresyon
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testi incelendiginde her iki testin anlamli oldugu (sirasiyla p=0.0018 ve p<0.0001) belirlenmistir. Buna
gore calismada yayin yanligi olabilecegi sOylenebilir. Bu testlere ek olarak hesaplanan etki
biiytikliigiiniin giiclii olup olmadigini belirlemek i¢in Rosenthal’in Korumali N incelenmistir. Yapilan
Rosenthal’in Korumali N test sonucuna gore etki biiylikliigiinii anlamsiz hale getirmek icin 2525
caligma gerektigi belirlemistir. Bu meta-analiz ¢alismasin i¢in esik degeri 220 (5x42+10) oldugu
diistiniildiigiinde hesaplanan etki biiyiikliiglinin yayin yanlhligindan kaynaklanmadigin ve giiclii
oldugu soylenebilir. Yaym yanlili§1 analizleri genel olarak degerlendirildiginde her ne kadar huni
grafigi anlamli bir asimetrige sahip olsa da ¢aligmalarin yayinlanma durumuna gére anlamli farklilik
gostermemesi ve etki biiyiikliigiiniin giicli olmasindan dolay1 ¢alismada yaym yanliligi olmadig
sonucuna vartlmistir.

Tartisma

Madde ve dogasi konu alaninin Ogretiminde kullanilan yontemlerin genel etki biiyiikligiini
hesaplamak ve bu yontemlerin etki biiyiikliikklerinin uygulama siiresine ve 6gretim kademesine gore
anlamli bir farklilik olusturup olusturmadigini belirlemek igin yapilan bu meta analiz ¢aligmasinda 38
birincil ¢alisma dahil edilmistir. Etki biiyiikliikleri rastgele etkiler modeline gore birlestirilince genel
etki biiyiikliigii alt sinir1 0.548 ve iist sinir 0.961 ile 0.754 olarak hesaplanmistir. Bu deger sifirdan
anlamli bir sekilde farklidir (z=7.15, p<.01). Cohen vd. (2007) siniflamasi referans alindiginda genel
etki biiyiikliigli “orta” diizeyde bir etki biiyiikliiglidiir. Buna gore madde ve dogasi konu alaninin
ogretiminde kullanilan bilgisayar destekli 6gretim, isbirlikli 6gretim, probleme dayali 6gretim ve
arglimantasyon temelli 6gretim yontemlerinin akademik basarty1 artirma konusunda etkili oldugu
sOylenebilir. Ancak gercek etki biiyiikliiklerinin genel etki biiyiikligi etrafinda nasil dagildigin
gosteren tahmin araligr (%95 CI:-0.449; 1.957) incelendiginde maddenin dogasinin Ggretiminde
kullanilan yontem ve yaklasimlarin her calismada etkili olacagi sdylenemez. Nitekim bir¢ok birincil
caligmada kullanilan yontem /yaklasimlarin madde ve dogasi konusunun 6gretiminde etkili olurken
(e.g. Kacar, 2012; Yalgin, 2008; Dasdemir, 2013; Firat, 2014), baz1 ¢alismalarda (e.g. Kélemen, 2018;
Bektas, 2012; Giizel, 2018; Okumus vd., 2017) etkili olmamustir.

Her 6gretim seviyesinde yer alan madde ve dogasi konusu 6. Sinif miifredati itibariyle soyut nitelige
sahip olan kavramlar1 daha ¢ok icermektedir (Yilmaz, 2020; Polat, 2005). Bu durum atom, kimyasal
ozellik, periyodik tablo, asit baz gibi konularda soyut kavramlarin somutlagtirilamamasi Ogretim
kisminda sorun yasatmaktadir. Somutlastirilmakta zorluk yasanan bu kavramlar dolayisiyla giinliik
yasam ile iligkilendirilememekte ve 6grenilmesini de zorlastirmaktadir (Kakiz, 2019; Demircioglu vd.,
2019). Soyut diigiinme becerileri gerektiren madde ve dogasi konusunun bu nedenle ezberlenecek
konu olarak nitelendirilmesi ve neden 6gretilmesi gerektiginin anlasilmamasi da 6gretimi konusunda
zorluga sebep olmaktadir (Y1lmaz, 2020; Kakiz, 2019; Kenan ve Ozmen, 2011)

Madde ve dogasi konu alaninda kullanilan yontemler arasindaki heterojenligin varligini ve
bliytikliigiinii belirlemek amaciyla c¢aligmada heterojenlik testi yapilmistir. Heterojenlik testinin
anlamli oldugu (Q@7=208.55, p<.01) ve heterojenligin yiiksek diizeyde (1>=%82) oldugu
belirlenmistir. Bu sonuglar ¢aligmalarin birbirinden farkli oldugunu ve bu farklilik 6rnekleme hatasi
disindaki faktdrlerden kaynaklandigini belirtmektedir. Bu nedenle bu ¢alismalarin hangi 6zelliklerinin
bu varyansa katki sagladiginin bulunmasi amaciyla kategorik moderatér analizi yapilmistir. Kategorik
moderatdr analizi ile galismalarda kullamlan yéntem ve yaklagim (BDO, 10, PDO, ATO) ile
caligmalardaki orneklemin 6gretim kademesinin (5. Sinif, 6. Sinif, 7. Sinif, 8. Sif, Fen 1. sinif)
anlamli moderatorler olup olmadigi incelenmistir.

Moderatdr sonucunda maddenin dogast initesinin Ogretiminde kullanilan yontem/yaklagimlarin
ogrencilerin akademik basarilar1 lizerinde “orta” diizeyde anlaml bir etkiye (EB=0.659, p<.05) sahip
oldugu gorilmektedir. Cohen vd. (2007) smmiflamasina gore argiimantansyon temelli Ogretim
(EB=0.531), igbirlikli 6gretim (EB=0.572) ve bilgisayar destekli 6gretim (EB=0.779) akademik basari
tizerinde “orta” diizeyde etkili iken probleme dayali dgretimin (EB=1.344) “gii¢lii” diizeyde etkili
oldugu belirlenmistir. Probleme dayali 6gretim en biiyiik etki biiyiikliigiine sahip olmasina ragmen
genel etki biylkligi, kullanilan yontem/yaklagima gore anlamh bir farklilik (Q@)=,3.776, p>.05)
gostermemistir. Bu sonu¢ madde ve dogasinin dgretiminde kullanilan argiimantasyon temelli 6gretim,
isbirlikli 6gretim, bilgisayar destekli 6gretim ve probleme dayali 6gretimin akademik basar1 tizerinde
yaklasik aymi diizeyde etkili olabilecegini gostermektedir. Bu sonucu destekleyecek sekilde
alanyazinda yapilan argiimantasyon temelli 6gretim (Inam ve Giiven, 2019; Sar1 ve Sasmaz Oren,
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2019; Alemli, 2019; Karakus ve Yalgin, 2016) ve isbirlikli 6gretim (ileri, Selvi ve Kése, 2020;
Bakioglu ve Goktas, 2020; Camnalbur ve Mutlu Bayraktar, 2018) yontemlerinin incelendigi meta
analiz ¢alismalarinda da akademik basarty1 artiric1 yonde etkileri oldugu belirlenmistir. Buna ilaveten
bilgisayar destekli 6gretim (Batd1 ve Anil, 2020; Ozdemir, Aslaner ve Agikgiin, 2020; Dikmen ve
Tuncer, 2018; Camnalbur, 2008; Dinger, 2015; Demir ve Basol, 2014) ve probleme dayali 6gretimin
(Can ve Gersil, 2021; Chen ve Yang, 2019; Kaya, 2016; Ayaz, 2015; Celik; 2013) akademik basariy1
arttirmada etkili oldugu farkli meta analiz ¢alismalarinda da bulgulamistir.

Deneysel islemin yapildigi sinif seviyesinin heterojenlige katki saglayan anlamli bir moderator olup
olmadigim belirleyebilmek amaciyla yapilan kategorik moderatdr analizinin sonuglari incelendiginde
sinif seviyesinin anlamli bir moderatdr olmadigi (p>.05) sonucuna ulagilmistir. Maddenin dogasinin
Ogretiminde kullanilan yontemlerin akademik basar1 iizerindeki etkisinin en yiiksek 7. Sinifta
(EB=1.159) iken en diisiik Lisans 1 (EB=0.169) seviyesinde oldugu belirlenmistir. Her bir simif
diizeyinin giiven araligi incelendiginde maddenin dogasinin &gretiminde kullanilan yontem ve
yaklasimlar ortaokul diizeyinde anlamli bir etkiye sahip (p<.05) iken, liniversite diizeyinde anlamli
bulunmamustir (p>.05). Ortaokul seviyesinde madde ve dogasi konusu soyut kavramlar icermesine
ragmen kapsamin daha dar ve temel diizeyde olmasi sebebi ile somutlagtirilarak aktarilmasi daha kolay
olmaktadir (Karacali, 2022; Pak, 2022). Madde ve dogas1 konusu lisans seviyesinde ortaokula gore
daha soyut kavramlarla ifade edilmesi sebebiyle lisans Ogrencileri, Ogretmen adaylari hatta
Ogretmenler tarafindan anlagilmakta ve aktarilmakta gii¢liik ¢ekilmesine neden olmaktadir (Karacali,
2022; Calik ve Ayas, 2005; Kalin ve Arikil, 2010; Piquette ve Heikkinen, 2005). Bunun yani sira
mdde ve dogasi konusu ortaokul seviyesinde mikro boyutta olmasina ragmen makro boyuta
dontistiiriilerek aktarilmaktadir. Ortaokulun tam tersine lisans seviyesinde ise mikro boyuttaki madde
ve dogast konusu daha derinlemesine islenmekte ve aktarilmaktadir. Konunun aktarilmasindaki bu
ayrim ortaokul ve lisans seviyesinde kullanilan &gretim yonteminin anlamli olmamasina sebebiyet
verebilmektedir (Jaber ve BouJaoude, 2012).

Sonug olarak bu meta-analiz ¢aligmasi ile madde ve dogast konusunda kullanilan yontemlerin konu
ogretiminde etkili oldugunu; ancak aralarinda anlamli bir farkliligin olugsmadigi belirlenmistir.
Ortaokul diizeyinde (5, 6, 7 ve 8) probleme dayali 6gretim, isbirlikli 6gretim, bilgisayar destekli
Ogretim ya da argiimantasyon temelli 6gretim kullanildiginda madde ve dogasinin 6gretimi konusunun
lisans diizeyine gore etkili bir sekilde 6gretilebilecegi sdylenebilir.

Oneriler ve Stmirhiliklar

Bu aragtirmada bir araya getirilen ¢aligmalar ulusal alan yazin ile sinirli kalmistir. Bundan sonra bu
konu ile ilgili yapilacak meta-analiz caligmasinin ulusal ve uluslararasi alan yazinin dahil edilmesi ile
yapilmasi sonucunda daha giiclii sonuca ulasilabilecektir. igerleme kriterleri ile saglikli bir meta-analiz
caligmasi yapilabilmesi i¢in her arastirma yonteminden en az 4 calisma olmasi sarti aranmistir. Ancak
alan yazinda bazi aragtirma yoOntemleri ile yeterli sayida caligmaya ulagilamamasi onlarin analiz
disinda birakilmasina sebep olmustur. Bu nedenle alan yazinda farkli aragtirma yontemlerinin
kullanildig1 daha fazla ¢alismaya ihtiya¢ duyulmaktadir.

Ogretim ydntemlerinin akademik basartya etkisi, son yillarda siklikla arastirma yapilan konular
arasinda yer almaktadir. Farkli yontemlerin tek tek bagariya etkinin belirlenmesi amaciyla birlestirip
karsilastirilarak etki biiytikliiklerinin belirlenmesini saglayacak meta-analiz ¢aligmalari da alan yazinda
yer almaktadir. Ancak bir konunun aktarilmasinda kullanilan yontemlerin karsilagtirilarak sonuglarinin
birlestirilerek genellemenin yapildig1 meta-analiz ¢aligmalarin yeterince yapilmadigi belirlenmistir. Bu
caligma, “Madde ve Dogas1” konusunun 6gretiminde kullanilan farkli yontem ve tekniklerin akademik
basar1 iizerine etkisinin belirlenmesi amaciyla gergeklestirilmistir. Bundan sonraki c¢alismalarda
“Madde ve Dogas1” konusunda uygulanan yontemler ve tutum, st biligsel diizey gibi iligkilerin
belirlenmesi amaciyla meta-analiz ¢aligmalar yapilabilir.

Arastirma sonuglart madde ve dogast konusunda kullanilan yontemlerin konu 6gretiminde etkili
oldugunu gostermektedir. Bu nedenle farkli dgretim programlarinda isbirlikli 6grenme, probleme
dayal1 6grenme, arglimantasyon temelli 6gretim ve bilgisayar destekli Ogretim yontemlerine yer
verilerek Ogrencilerin akademik basarilariin artirilmasi saglanabilir. Ayrica bu yontemlerin lisans
diizeyinde etkili olmadig1 belirlenmistir. Madde ve dogasi konseptinde yer alan konularin ortaokul
konularma gore daha soyut bir hal almas1 sebebiyle uygulanan yontemlerin de ¢aga ayak uydurularak
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icerisine teknolojinin biitiinlestirildigi hale getirilerek kullanilmas1 denenebilir. Bu sayede
kullanilabilecek yontemlerin etkililiginin artirilmasi yoniinde bir adim atilabilir.
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