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Abstract

This study conducted a meta-analysis of 57 primary experimental studies which involved 6237 students and
investigated the effect of constructivist learning approach and active learning on students’ environmental
education. The study also analyzed a set of moderator variables, which are considered to influence the results of
the primary studies in line with the findings of the meta-analysis. The moderator variables included “year of

publication”, “language of publication”, “type of publication”, “country”, “educational level”, “sample size”, “type of
measuring instrument in terms of questions and developer”, “duration of experimental intervention”, “research
design”, “teacher and researcher effect’, and “type of constructivist learning approach and active learning
method”. The sample consisted of 6237 students and 57 primary experimental studies on environmental
academic achievement and environmental attitudes, which were conducted between 2000 and 2015 and met the
inclusion and exclusion criteria. A total of 114 effect sizes were obtained from 57 studies. This study used a meta-
analysis approach, which is a retrospective study design. The data were analyzed using meta-analysis. The meta-
analysis of the data was performed using arandom- effects statistical model. Hedges’ g was used to
measure effect size. Moderator variables were analyzed using the analog to the analysis of variance (ANOVA)
based on random-effects and mixed-effects models. The results of the meta-analysis showed that the overall
effect size of constructivist learning approach and active learning on environmental education compared to
traditional learning is positive and large (Hedges’ g= 1.463). According to the results of the moderator analysis,
constructivist learning-based and active learning-based environmental education significantly differed in terms of

“country”, “sample size”, “educational level”, “type of publication”, “type of measuring instrument”’, “developer of

measuring instrument”, “language of publication”, “teacher effect”, and “researcher effect’. On the other hand, no
significant difference was found in terms of “year of publication”, “duration of experimental intervention”, “research
design”, and “type of teaching method used in the experimental group”. Taken together, these findings suggest
that constructivist learning and active learning can often be used in environmental education. The following
variables should be considered in environmental education practices: sample size of the experimental group,
educational level of students, measuring instruments employed, and researchers conducting the experiment, and
duration of experimental intervention.

Keywords: Environmental education, environmental academic achievement, environmental attitude, constructivist
learning approach, active learning, meta-analysis

Introduction

In this day and age when science and technology are prime values, it is of great importance
to raise individuals who have “twenty-first-century skills”. Twenty-first-century skills include
“lifelong learning” (Field, 2001, p. 3), “self-regulated learner”, “using knowledge in daily life
and in different situations”, “self-evaluating” (Zimmerman, 1989, p. 329), “critical thinking”
(Ennis, 1985, p. 48), “metacognitive thinking” (Flavell, 1979, p. 909), and “self-regulating”
(Shulman, 1987, p. 19-20). Individuals who have such skills can be raised through the use of
active learning and constructivist learning approaches whereby knowledge is actively learned
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and constructed in the mind and actively used in daily life, and individuals take responsibility
for their own learning (Kanl, 2010; Ozmen, 2004; Un Agikgdz, 2014, pp. 60-61).

In the constructivist learning approach, individuals construct new knowledge based on their
earlier knowledge; thus, knowledge construction is idiosyncratic and teachers (educators) are
only guides (Kanli, 2010; Ozmen, 2004; Un Acikgdz, 2014, pp. 60-61). In the active learning
model, which corresponds to the constructivist learning approach in terms of cognitive
learning, individuals take responsibility for their learning process, take decisions about this
process and have the opportunity of self-regulation (Un Acglkgdz, 2014, p. 17). When
attributes of people with twenty-first-century skills are compared to qualities acquired through
the constructivist learning approach and active learning model, it seems that the
constructivist learning approach and active learning model hold a central place in raising
individuals with twenty-first-century skills. A considerable number of meta-analysis studies
have found that the constructivist learning approach has a “large” effect on student academic
achievement. Ayaz and Sekerci (2015) showed that the effect of the constructivist learning
approach on students’ academic achievement was “large” (Hedges’ g = 1.40). Likewise,
Semerci and Batdi (2015) determined that the constructivist learning approach had a “large”
effect on students’ academic achievement (Cohen’s d =1.08). In a meta-analysis study, Ural
and Bumen (2016) also reported that the instructional practices of the constructivist learning
approach had a “large” effect on science and technology teaching in Turkey (Cohen’s d =
1.00).

Although the constructivist learning approach is based on the same philosophy in terms of its
main objectives, different theorists have argued that different processes are effective in
learning. Piaget’'s theory of cognitive development suggests that learning occurs by
interacting with the environment and processing information by means of schemas according
to interest and need. In Bruner’s theory of discovery learning, learning is an internal process
that involves using intuition and interacting with the environment but giving responses
independent from the environment. In the theory of meaningful learning, Ausubel argues that
knowledge is learned by a process of meaning-making. Dewey’s theory of learning by doing
explains that learning is achieved through real experiences and discovery as a result of
interaction with the environment. In social development theory, Vygotsky argues that learning
takes place through interaction with the environment, emphasizing the importance of play at
this stage (Un Acikgbz, 2014, pp. 67-76). Constructivist learning approach and active
learning can be applied through different teaching methods and techniques in light of these
different theories. Constructivist learning approach can be employed using the following
teaching methods and techniques: problem-based learning (PBL), project-based learning,
computer-assisted learning (CAL), cooperative learning (CL), the 5E and 7E learning cycles,
etc. Active learning model can be applied through various instructional methods and
techniques, such as “some techniques based on cooperative learning”, “mind maps”,
“teaching through research”, “discovery learning”, and “case method”.

Constructivist learning approach and active learning model are often used in “environmental
education” as in many disciplines. The main objectives and principles of environmental
education included in the Tbilisi Declaration (1977) can be summarized as follows: “active
participation in the solution of environmental problems”, “the ability to take an active role in
recognizing environmental problems and offering solutions”, “noticing environmental
problems on one’s own”, “critical thinking about environmental problems”, and “gaining first
hand experience with practice-based activities” (Balkan Kiyici, 2009, p. 177; Tbilisi
Declaration, 1977). These basic objectives and principles found in the Tbilisi Declaration are
similar to those of the constructivist learning approach and active learning models (Kanli,
2010; Ozmen, 2004; Un Acikgdz, 2014). In line with this similarity, it can be said that the use
of a constructivist learning approach and active learning models in environmental education
plays an important role. Several scientists who have realized the connection between
environmental education and constructivist learming approach and active learning models
have carried out various experimental and quasi-experimental studies to test the validity of

this connection. These (quasi-) experimental studies investigated the effect of various
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constructivist learning approaches or active learning models on environmental education,
such as “outdoor education” (Becker, Lindner, Loynes, & Pedersen Gurholt, 2016; Ozdemir,
2010; Remington & Legge, 2017; Rodrigues & Payne, 2017),"garden-based education” (Blair,
2009; Ratcliffe, Merrigan, Rogers, & Goldberg, 2011; Robinson & Zajicek, 2005; Urey, Cepni,
& Kaymakgel, 2015; Urey, Goksu, & Karagodp, 2017), “field (nature) trips and camps” (Balkan
Kiyicl & Atabek Yigit, 2010; Bozdogan, 2012; Scarce, 1997; DeWitt & Storksdieck, 2008;
Riegel & Kindermann, 2016; Topcu & Atabey, 2017), “project-based learning” (Benzer, 2010;
Guven, 2011; Kogak, 2008; Oflaz, 2012); “cooperative learning” (Bilgili, 2008; Bulbul, 2007
Coémert, 2011; Solmaz, 2010), “computer- or technology-assisted learning” (Aivazidis,
Lazaridou, & Hellden, 2006; Aslan Efe, 2015; Cetin, 2003; Goékmen, 2008), “sustainable
environmental education” (Ozdemir, 2007; Suarez - Orozco & Suarez - Orozco, 2017; Tapia-
Fonllem, Fraijo-Sing, Corral-Verdugo, & Ortiz Valdez, 2017).

Although these studies on environmental education were based on the same approach
(constructivist learning approach) or model (active learning model), they used different
teaching methods and techniques developed in line with the theories of various theoreticians.
Experimental studies in this field of social sciences (education sciences) by nature, may be
affected by “sample size”, “quality of the measuring instrument used”, “characteristics (social,
cultural, physical, emotional, etc.) of researchers and experimental group students “, “cultural,
physical and geographical conditions”, “research design”, etc. (Adler, 2012; Glass, 1976;
Kagitgibasi, 2010, pp. 82, 91,97; Merdin, 1996; National Research Council, 2000; Sarier,
2013; Ustln, 2012). Thus, it is not right to think that the results of these studies would have
the same effect on students. Among earlier studies that compared constructivist learning
approach and/or active learning with traditional learning methods in terms of environmental
academic achievement, some found significant differences in favor of the experimental group
(constructivist learning approach and active learning models) (Aivazidis et al., 2006; Cronin-
Jones, 2000; Erentay, 2013; Gnanalet & Ramakrishnan, 2010; Hsiao, Lin, Feng, & Li, 2010;
Yoldas, 2009), while others found no difference in favor of the experimental group (Broyles,
2011; Hsu, 2004; Liu, 2004; Skaza, 2010). Similarly, among previous studies that compared
constructivist learning approach and/or active learning with traditional methods in terms of
environmental attitudes, some reported significant differences in favor of the experimental
group (Bilgili, 2008; Bodzin, 2008; Given, 2011; Nkire, 2014; Saglamer Yazgan, 2013;
Solmaz, 2010), while others reported no difference in favor of the experimental group
(Aguilar, Waliczek, & Zajicek, 2008; Aslan Efe, 2015; Burek, 2012; Gékmen, 2008; Oflaz,
2012; Oztiirk, 2013).

Scientific knowledge is objective, experimental, repeatable, ever-changing, uncertain,
deductive or inductive, generalizable, accumulative, and based on imagination, creativity,
observations, and inferences (Abd-El Khalick, Bell, & Lederman, 1998; Arik, 2010). Given the
objectivity, experimentality, repeatability, uncertainty, and changeability of scientific
knowledge, studies on the impact of constructivist learning approach and active learning
models on environmental education should be generalized based on a deductive or inductive
approach, taking into account the accumulative nature of scientific knowledge. As noted by
Popper (2015, p. 18), science “is like a building erected on piles” above a swamp. These
piles are never based on any natural and firm ground; science is a constantly changing,
renewing and evolving phenomenon. According to Popper, science is a “deductive” and
“falsifiable” phenomenon. In this regard, scientists should always look for new knowledge
based on prior knowledge (Popper, 2015, p. 19). To consolidate this phenomenon, research
must be carried out based on sound foundations extending from the past to the present. The
deeper the roots of a tree and the more branches grow, the stronger and more productive the
tree becomes. Likewise, science is strong and successful to the extent that it integrates the
past and the future. The development of a tree depends on water, sun, and nutrients, while
the development of science depends on scientific knowledge and scientists. Scientists can
advance science by establishing close links between the past and the present.

Retrospective research methods (Erkus, 2017, p. 125) are of major importance in ensuring
this tight connection between the past and the present. Retrospective research allows
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information obtained in the past to be presented in integrity. In brief, retrospective research
can display a fuller historical picture of science (Cooper, 2010, p. 4; Erkus, 2017, p. 125). In
this regard, the present study used a retrospective research method. This retrospective study
is of importance in presenting the effect of constructivist learning approach and active
learning models on environmental education.

Retrospective research can be carried out in five modes: “literature review”, “systematic
review”, “research review”, “research synthesis” and “meta-analysis” (Cooper, 2010, p. 4;
Erkus, 2017, p. 125). Meta-analysis, defined as “the analysis of analyses” (Glass, 1976),
differs from other retrospective research methods in that it is a quantitative method of
systematic analysis (Erkus, 2017, p.125; Glass, 1982; Konstantopoulus, 2008; Ustiin &
Eryilmaz, 2014), based on an overall effect size index (Ellis, 2013, s. 4-5; Fan, 2001; Hunter
& Schmidt, 2000), aims to generalize research results (Glass, 1982), permits no subjective
judgment, reflects the characteristics of studies included in the meta-analysis (Borenstein,
Hedges, Higgins, & Rothstein, 2009, p. 262; Rosenthal & DiMatteo, 2001), enables the use of
moderator-variable analysis, and is the most recent retrospective research method (Erkus,
2017, p.125; Ustiin & Eryilmaz, 2014).

By means of meta-analysis, all effect sizes obtained from primary research can be
synthesized to obtain an “overall effect size” (Glass, 1982; Lipsey & Wilson, 2001; Ustiin &
Eryilmaz, 2014). This situation is important to fulfill the principle of generalizability
underscored by Popper in the philosophy of science. Compared to other retrospective
research procedures, meta-analysis allows a statistical generalization of scientific information
through “overall effect size” indices (Erkus, 2017, p. 125; Ustiin & Eryilmaz, 2014). In this
regard, this meta-analysis study, which investigates the effect of constructivist learning
approach or active learning models on environmental education, is valuable in that it enables
the generalization of scientific knowledge.

Since meta-analysis studies are based on “overall effect sizes”, they do not have problems
arising from statistical significance tests. Statistical significance tests are affected by
sample size and often insufficient to explain what research results correspond to in everyday
life (Ellis, 2013, p. 3). It is often not possible to obtain a statistically significant result by
chance. However, it is common to obtain statistically significant but unimportant results or
statistically insignificant but important results. Thus, a statistically significant result should not
be considered practically significant (Ellis, 2013, pp. 4-5). To explore real-life effects of
statistical research results, the focus should be on the concept of “effect size”, the use of
which is recommended by international institutions such as the American Psychological
Association (APA, 2001, p. 25) and the American Educational Studies Association (AESA,
2006, p. 10) (Ellis, 2013, pp. 4-5; Fan, 2001; Hunter, & Schmidt, 2000). Investigating the
effect of constructivist learning approach or active learning models on environmental
education, this meta-analysis study obtained the effect size results of all primary studies
included in the meta-analysis. This meta-analysis study is of special importance in that it
presents the real-life effects of primary studies included in the meta-analysis.

Meta-analysis research also allows an analysis of the characteristics of “primary studies”
included in the meta-analysis. One of the main objectives of meta-analysis research is to
determine homogeneity among studies included in the meta-analysis. Meta-analysis
research helps to find out whether all studies included in the meta-analysis have similar
effects. If there is heterogeneity among studies, the source of this heterogeneity is explained
through possible moderator variables (Ustiin & Eryilmaz, 2014). Meta-analysis studies reveal
results of heterogeneity and moderator variables (Glass, 1982; Lipsey & Wilson, 2001),
thereby contributing to Popper's concept of falsifiability of scientific knowledge. Therefore,
meta-analysis studies are of great importance in that they contribute to the falsification of
scientific knowledge.

No meta-analysis research has been found that investigated the effect of constructivist
learning approach and active learning on environmental education. In addition, Basol,
Doguyurt, and Demir (2016) analyzed meta-analysis studies carried out in Turkey and
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demonstrated that there is no previous meta-analysis study on environmental education. The
international literature involves no study on the effect of constructivist learning approach and
active learning on environmental education but several meta-analysis studies on
environmental education (Hines, Hungerford, & Tomera, 1987; Zelezny, 1999; Bamberg, &
Moser, 2007; Hawcroft, & Milfont, 2010; Osbaldiston, & Schott, 2011; Mifsud, 2012; Hurst,
Dittmar, Bond, & Kasser, 2013; Klockner, 2013). Meta-analysis studies in social sciences can
be conducted in four different modes. These can be classified as follows: “meta-analysis of
the effectiveness of relations”, “exploration of a construct/scale development study”,
“structural equation”, and “meta-analysis of the effectiveness of differences” (Basol et al.,
2016). Considering the kinds of previous meta-analysis studies on environmental education,
Hines et al. (1987), Bamberg and Méser (2007), Hurst et al. (2013), and Kléckner (2013)
carried out a meta-analysis of the effectiveness of relations. Hawcroft and Milfont (2010)’s
meta-analysis was an exploration of a construct/scale development study. Zelezny (1999),
Osbaldiston and Schott (2011), and Mifsud (2012), like the present study, carried out a meta-
analysis of the effectiveness of differences. In her meta-analysis, Zelezny (1999) investigated
the impact of educational interventions conducted in classrooms and in non-traditional
settings on environmental behavior in a period from 1971 to 96. In their meta-analysis,
Osbaldiston and Schott (2011) examined the effectiveness of experimental treatments
conducted between 1980 and 2010 on pro-environmental behavior. Mifsud (2012) meta-
analyzed environmental knowledge, attitudes and action of young people after compulsory
education. These studies differ from the present study in terms of years covered in the meta-
analysis, inclusion criteria, the method of meta-analysis used, and dependent, independent
or moderator variables. Thus, the present meta-analysis study fills a gap in the literature and
displays the big picture of previous findings on the effect of the constructivist learning
approach and active learning on environmental education. Accordingly, the main objective of
this meta-analysis study was to investigate the effect of constructivist learning approach and
active learning on environmental education in comparison with traditional learning methods
and to analyze the impact of moderator variables considered to affect this effect. To this end,
answers were sought to the following research problems:

1) “What is the overall effect of constructivist learning approach or active learning methods
on environmental education compared to traditional learning methods?”

2) “Do moderator variables (year of publication, language of publication, type of publication,
country, educational level, sample size, type of measuring instrument in terms of
questions and developer, duration of experimental intervention, research design, teacher
and researcher effect, and type of constructivist learning approach and active learning
method used in the experimental group) have an impact on the overall effect size when
the constructivist learning approach or active learning methods are compared with
traditional learning methods in terms of environmental education results?”

Methodology

This section includes the following subheadings: research model, literature review, inclusion
and exclusion criteria, coding procedures, unit of analysis; dependent, independent and
moderated variables; reliability and validity, data analysis, and effect size calculation and
effect size index.

Research Model

To explore the effect of constructivist learning approach and active learning on students’
environmental academic achievement and environmental attitudes, this study employed a
meta-analysis method, which is one of the research methods (Cooper, 2010, p. 4). Meta-
analysis, defined as the “analysis of analyses” (Glass, 1976), is a method of organizing and
combining the primary data analysis results of previous studies on the same topic from a
systematic and quantitative perspective using certain statistical analysis methods to see the
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bigger picture and make comments about it (Arnk, 2017, p. 69). This meta-analysis study
followed the following steps: 1) identifying the research topic and problem statement
(identifying hypotheses, if any), 2) explaining dependent, independent and moderator
variables, 3) reviewing the literature to identify studies to be included in the meta-analysis
and organizing the gathered primary studies, 4) establishing inclusion and exclusion criteria,
5) selecting studies to be included in the meta-analysis based on these criteria, 6) coding the
studies, assessing their quality, and ensuring coding reliability, 7) combining and statistically
analyzing the findings of the studies, and 8) interpreting and presenting research results
(Cooper, 2010, p. 13; Creswell, 2005, p. 8; Rosenthal & DiMatteo, 2001; Ustlin, 2012, pp. 52-
53; Ustiin & Eryilmaz, 2014).

Literature Review

The review of the literature was carried out in two modes: “computer-based (online)” and
“‘manual (using printed publications)”. Prior to the literature review, the keywords used in the

literature review were determined (“environmental education”; “environmental education” +

“‘pretest” + “posttest”; “environmental education” + “pre-test” + “post-test”; environmental
education” + “experimental group” + “control group”).

A six-phase literature review was conducted to make a computer-based search. Online
databases accessible to the libraries of Gazi and Gaziosmanpasa universities were used in
the first phase (“ERIC”, “Science Direct”, “Teacher Reference Center’, “Scopus”, “Social
Sciences Citation Index-SSCI”, “JSTOR Journals”, “Academic OneFile”, “Business Source
Complete”, “Information Science & Technology Abstracts”, “Green FILE”, “Arts & Humanities
Citation Index”, “General OneFile”, “SciTech Connect”, “Directory of Open Access Journals”,
“Science Citation Index-SCI”, “CINAHL Complete”, and “Library”). In the second phase, the
thesis was searched using the national thesis center of the Council of Higher Education
(YOK) and “ProQuest” databases. In the third phase, four high-impact peer-reviewed
international journals (“Journal of Research in Science Teaching”, “Science Education”,
“‘Environmental Education Research”, and “The Journal of Environmental Education”) were
determined and examined online. In the fourth phase, the bibliography of the studies included
in the meta-analysis was checked and the studies that could be included in the meta-analysis
were examined online. In the fifth phase, the meta-analysis studies similar to the present
study were reviewed and the studies that could be included in the meta-analysis were
examined online. In the final sixth phase, various national and international congresses on
environmental education and science education were defined (NARST, ESERA, AERA,
UFBMEK, and EJER) and online abstracts and full texts were examined.

The central libraries of Gazi, Hacettepe and Gaziosmanpasa universities were used for the
manual literature search. Any work that was unavailable in any of these libraries and
inaccessible online was obtained using the interlibrary loan service available to
Gaziosmanpasa University.

Inclusion and Exclusion Criteria

A set of inclusion and exclusion criteria were established to decide which studies found
through the literature search would be included in the meta-analysis. The scope and
limitations of this meta-analysis study were thus laid down (Borenstein et al., 2009). This
meta-analysis study used the following inclusion criteria: year of publication (January 2000 to
December 2015), language of publication (English and Turkish), type of publication
(published/unpublished and national and international), educational level (students from all
levels of formal education), dependent variables (environmental academic achievement and
environmental attitudes), independent variables (the use of constructivist learning approach
and active learning methods in the experimental group and traditional learning methods in the
control group), research design (experimental design), research model (the use of pre-test,
post-tests, and control groups), and availability of statistical data needed for effect size
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calculation (sample sizes, means, standard deviations, and P-value t-value F-value, effect
size, etc.). The study used the following exclusion criteria: studies that fall outside the
inclusion criteria, theses without access permission, and studies without free access.
Additionally, among studies derived from master’s theses or doctoral dissertations, the first
published (either article or thesis) was included in the meta-analysis and the last published
was excluded.

Coding Procedures

A coding sheet was formed for detailed and systematical coding operations. Coding sheets
are of utmost importance in ensuring the reliability of meta-analysis (Chen & Chan, 2016;
Glass & Smith, 1979; Ustiin, 2012, p. 78). This study reviewed various meta-analysis studies
to design the coding sheet (Docky, Segers, Bossche, & Gijbels, 2003; Hawcroft, & Milfont,
2010; Hurst et al., 2013; Johnson, Johnson, & Stanne, 2000; Sirin, 2005; Ustlin, 2012). A
literature review was undertaken to identify moderator variables; the first coding sheet (30
items) was designed. The second coding sheet (41 items) was formed in line with subject
matter expert opinions. Then, the coding sheet was piloted. The third coding sheet was
formed as a result of the pilot coding. The final sheet was modelled by re-coding in line with
expert and researcher opinions. The coding sheet consisted of 46 items and four categories:
information on coders, identification information on the studies included in the meta-analysis,
general information on the studies, and information on the content of the studies. The form
comprised both open-ended and multiple-choice items.

Unit of Analysis

One of the criticisms of meta-analysis is its “lumpy” nature (Glass, 1982, p. 109). Lumpy, also
called aggregate, refers to the case “in which multiple results are derived from the same
study” included in the meta-analysis. Lumping in a meta-analysis causes bias (Ustin &
Eryilmaz, 2014) and errors in reliability due to the use of multiple datasets from the same
study (Glass, 1982, p. 109). A unit of analysis can be considered as a unit of analysis in a
meta-analysis. A unit of analysis can be each study included in the meta-analysis or each
effect size in each study included in the meta-analysis. When each effect size derived from
the same dataset is accepted as a unit of analysis or both theses and articles derived from
master's theses or doctoral dissertations are included in a meta-analysis, it might cause
lumping (Ustiin & Eryilmaz, 2014). Thus, this study accepted each study as a unit of analysis.
In other words, one effect size was obtained from each study. For studies from which multiple
effect sizes were derived, the mean effect size was used. The mean effect size was
calculated using the combined sample size, the combined mean, and the combined standard
deviation (Borenstein et al., 2009, pp. 221-222). Additionally, among studies derived from
master's theses or doctoral dissertations, the first published was included in the meta-
analysis. As a result, 114 effect sizes (k = 114) derived from 57 studies (n = 57) included in
the meta-analysis were included as 57 units of analysis in such a way that one effect size
could be obtained from each study.

Dependent, Independent and Moderator Variables: Intervention Method

The dependent variables of the studies included in this meta-analysis were environmental
academic achievement and environmental attitudes. The independent variables included
methods based on ‘constructivist learning approach” or “active learning’ used in the
experimental group and “traditional learning’ methods used in the control group. The study
also investigated the impact of moderator variables considered to affect the relationship
between the dependent and independent variables. This study analyzed 13 moderator
variables. These moderator variables are as follows: “year of publication’, ‘language of
publication”, ‘type of publication’, ‘country’, ‘educational level’, ‘sample size’, ‘type of
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measuring instrument in terms of questions’, ‘type of measuring instrument in terms of
developer *, “duration of experimental intervention’, ‘research design”, ‘teacher effect,
‘researcher effect’, and ‘type of constructivist leaming approach and active learning method

used in the experimental group”.

Reliability and Validity

Reliability in meta-analysis is concerned with the coding studies included in the meta-
analysis (Lipsey & Wilson, 2001, pp. 73-74; Rosenthal, 2009, pp. 44-45 as cited in Ustiin &
Eryilmaz, 2014). Validity is related to publication bias and quality of studies included in the
meta-analysis (Borenstein et al., 2009; Glass, 1982, p. 106).

This study used two different coding procedures with respect to the reliability of meta-
analysis: “coder reliability” and “intercoder reliability” (Lipsey & Wilson, 2001, pp. 73-74;
Rosenthal, 2009, pp. 44-45 as cited in Ustiin & Eryilmaz, 2014). Coder reliability refers to the
consistency of a single coder, while intercoder reliability refers to the consistency between
different coders (Lipsey & Wilson, 2001, pp. 73-74; Rosenthal, 2009, pp. 44-45 as cited in
Ustiin & Eryllmaz, 2014). These reliabilities were calculated using the equation of “agreement
rate” (agreement rate = number of observations agreed upon / total number of observations)
(Orwin & Vevea, 2009, p. 187).

“Forest plot”, “funnel plot”, “Rosenthal’s fail-safe N (FSN)”, “Orwin’s (1983) fail-safe N”, and
the “TFM developed by Duval and Tweedie (2000a, 2000b)” were used for the validity of
meta-analysis (Greenhouse & lyengar, 2009, pp. 428-430; Rothstein, Sutton, & Borenstein,
2005; Ustiin & Eryilmaz, 2014). Determining the quality of studies included in the meta-
analysis is one of the critical validity problems. However, it is not a right approach to
determine the quality of studies included in the meta-analysis using various measures and
exclude them from the meta-analysis, which may lead to publication bias (Glass, 1982;
Lipsey, & Wilson, 2001; Valentine, 2009, p. 130). Thus, this study carried out a systematic
review using a Primary Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) diagram (Figure 1), performed a moderator analysis and included all studies that
satisfied the inclusion criteria (Littell, Corcoran, & Pilai, 2008).
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Figure 1. PRISMA flow chart of literature review

Data Analysis

The data were analyzed using “meta-analysis (meta-analysis as a data analysis method)’,
“heterogeneily analysis’, “moderator variable analysis’, and “statistical poweranalysis”.

Meta-analysis is both a scientific research method (Cooper, 2010, pp. 147-148; Cooper &
Hedges, 2009; Hines et al.,, 1987; Rosenthal & DiMatteo, 2001; Sanchez-Meca & Marin-
Martinez, 2010) and a data analysis method (Glass, 1976; Shelby & Vaske, 2008). Meta-
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analysis considered as a scientific research method in the research model section is
considered as a data analysis method in this section. Scientific research can be analyzed
using three different methods. These are “primary analysis’ (the original first-hand analysis of
research data), “secondary analysis’ ( the re-analysis of primary data using better statistical
techniques or various new questions), and “meta-analysis’ (the integration of findings from
the primary data analysis for the purpose of generalization to a broader sampling; briefly, the
analysis of analyses) (Glass, 1976).

The main objective of a meta-analysis is to “determine whether the results of studies included
in the meta-analysis are homogenous” and “if there is heterogeneity, to identify moderator
variables considered to have an effect on this result” (Hueda-Medina, Sanchez-Meca, Marin-
Martinez, & Botella, 2006). Thus, heterogeneity analysis is of critical importance for meta-
analysis research. This study used three types of analyses to determine heterogeneity
including “Q-statistic and correlation significance test”, “1? (tau-squared) estimate”, and
“I?statistic”.

If the results of studies included in the meta-analysis show a heterogeneous distribution,
moderator variables considered to affect the relationship between dependent and
independent variables must be investigated (Ustiin & Eryilmaz, 2014). Saunders (1956)
defined a moderator variable as “a variable that systematically changes the shape and power
of the relationship between dependent and independent variables” (Sharma, Durand, & Gur-
Arie, 1981). This study carried out the “ANOVA analog based on the Q test” using “random-
effects’” and “mixed-effects’” models to analyze the variance in subgroups (Ustiin & Eryilmaz,
2014). An analogous ANOVA has low power and weakness in statistical analysis tests
(Borenstein et al., 2009 as cited in Ustiin & Eryilmaz, 2014). Thus, R-squared (R?), which
represents the proportion of variance explained in the moderator analysis, must be
calculated. The effect of covariate can be explained by the proportion of variance explained.
To this end, the “R? index” must be calculated. The R? index can be defined as “the ratio of
explained variance to total variance” (Borenstein et al., 2009, pp. 179-180).

The main objective of this meta-analysis study was to reject the null hypothesis. The
fulfilment of this objective depends on the use of robust statistical analysis methods
(Borenstein et al., 2009, p. 257). A statistical power analysis [Power= (1-@(cx — 1)) + @(-c, —
A)] was run to determine the statistical power of the research data (Ellis, 2013, p. 52).

Effect size calculation and effect size index

The concept of effect size has assumed an added importance as statistical analysis tests are
based on sampling and thus suffer from weakness and low power. Various international
organizations such as AERA, APA, and NRC underscore the importance of effect size and
emphasize that effect size, which is of pivotal importance for meta-analysis research, should
be used along with statistical analysis tests in primary studies (Ellis, 2013, p. 4; Fan, 2001;
Hunter, & Schmidt, 2000). Depending on the type of research, effect size can be calculated
using two indices called the r family and the d family (Borenstein et al., 2009; Ellis, 2013, p. 6;
Rosenthal, 1991, p. 17). This study used the d family index as it compared sub-groups for
continuous outcomes. The comparison of continuous outcomes can be measured using the
indices “Cohen’s d”, “Glass 4 “, “Response Ratio I” and “Hedges’ g”. A slight bias may occur
when the effect size is calculated using Cohen’s d and Glass A(especially when small-
sample studies are included in the meta-analysis). Hedges’ g removes such bias through a
correction factor called J (Borenstein et al., 2009; Ustiin & Eryilmaz, 2014). This study
employed Hedges’ g to avoid bias since it is the most recent effect size index and small-
sample studies were included in the meta-analysis. The effect sizes obtained from the study
were evaluated using the classification criteria proposed by Cohen (1988, p. 40) and Cohen,
Manion, and Morrison (2007, p. 521). According to Cohen (1988, p. 40), effect size can be
interpreted as small, medium and large for the point estimates 0.20, 0.50, and 0.80,
respectively. In this classification, values < 0 are interpreted as inverse effect and zero effect
and values < 0.20 as trivial. According to the classification proposed by Cohen et al. (2007, p.
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521), an effect size from 0 to 0.20 represents a weak effect, from 0.21 to 0.50 a modest
effect, from 0.51 to 1.00 a moderate effect, and > 1.00 a strong effect. Effect sizes were
calculated using Hedges' g equation (Hedges’ g=MrMiJSD ). In this equation,
Miepresents the mean of the experimental group, Miepresents the mean of the control
group, and SDy0es the pooled weighted standard deviations using the correction factor J
(Borenstein et al., 2009, p.27; Ellis, 2013, pp. 10-11).

In meta-analysis, two models called “fixed-effects model” and “random- effects model” are
used to interpret the mean effect size derived from studies included in the meta-analysis
(Borenstein et al., 2009; Cooper, 2010, pp. 190-191; Hedges, 2009, p. 41; Ellis, 2013, p.
129). One of the major mistakes made in the selection of a model is to select a model based
on heterogeneity test results. The selection of a model must be based on the nature of the
desired inference. If inferences are made about parameters, then a fixed-effects model must
be used; if inferences are made about the population, then a random-effects model must be
used (Borenstein et al., 2009, p. 84; Hedges & Vevea, 1998; Ustiin & Eryilmaz, 2014).
Educational research often aims to make inferences about the population and includes
possible variables that moderates the relationship between dependent and independent
variables. Therefore, this study used a “random-effects model for meta-analysis, taking into
consideration the nature of research on environmental education (variables such as culture,
language, ethnicity, and experimental setting might affect the relationship between
dependent and independent variables).

Data in meta-analysis can be analyzed using a variety of statistical software, such as
Comprehensive Meta-Analysis (CMA), MetAnalysis, MetaWin, MIX, MetaEasy, RevMan, and
WEasyMA. Bax, Yu, lkeda, and Moons (2007) compared the aforesaid software in terms of
features, results, and usability and found that CMA is superior to other software in terms of
features and ease-of-use. Therefore, this study used CMA statistical software version 2.0,
since it runs all meta-analysis statistical procedures and is widely used as the most up-to-
date software. Additionally, this study used MS Office Excel 2010 and EndNote X6 for the
sake of convenience in coding and literature search.

Findings

This study first analyzed the descriptive characteristics of the studies included in the meta-
analysis and then the data on the first and second research problems in detail using tables,
figures, and plots.

Descriptive characteristics of the studies included in the meta-analysis

Following the review of the literature, 57 studies were included in the meta-analysis in line
with the inclusion and exclusion criteria. Table 1 shows descriptive data on the studies
included in the meta-analysis.

Table 1.
Descriptive data on the studies included in the meta-analysis

Type of Study Subgroup n (%) k(%)
2000-2003 3 (5.3%) 7 (6.1%)
Year of 2004-2007 7 (12.3%) 23 (20.2%)
Publication 2008-2011 27 (47.4%) 55 (48.3%)
2012-2015 20 (35.1%) 29 (25.4%)
Language of English 27 (47.4%) 61 (53.5%)
Publication Turkish 30 (52.6%) 53 (46.5%)
Type of Article 18 (31.6%) 36 (31.6%)
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Publication Doctoral (PhD.) Thesis 15 (26.3%) 36 (31.6%)
Master’'s (MA) Thesis 22 (38.6%) 40 (25.4%)
Other (abstract, full text, poster, etc.) 2 (3.5%) 2 (1.8%)
USA 11 (19.3%) 29 (25.4%)
Turkey 36 (63.2%) 67 (58.8%)
Country Other (Argentina, Bulgaria, India, Canada,

Malaysia, Nigeria, Puerto Rico, Taiwan,
Thailand, Vietham, Greece)

10 (17.5%)

18 (15.8%)

Pre-school (Early Childhood) 1(1.8%) 2 (1.8%)
Primary School 28 (49.1%) 57 (50.0%)
Educational Level Secondary School 8 (14.0%) 12 (10.5%)
High Education 17 (29.8%) 35 (30.7%)
Mixed 2 (3.5%) 7 (6.1%)
Studies That did not Report 1(1.8%) 1(0.9%)
<51 10 (17.5%) 15 (13.2%)
Sample Size 51-100 29 (50.9%) 52 (45.6%)
101-150 11 (19.3%) 27 (23.7%)
>150 7 (12.3%) 20 (17.5%)
Tvpe of Questions Only Composed of Objective Questions 40 (70.2%) 80 (70.2%)
yp Only Composed of Open-ended Questions 1(1.8%) 3 (2.6%)
of the Mixed Questions (Objective and Open-ended
Measurement questions) 9 (15.8%) 21 (18.4%)
Instrument Studies That did not Report 7(12.3%) 10 (8.8%)

Developer of

Developed by Researcher

25 (43.9%)

49 (43.0%)

X Pre-existing 21(36.8%) 41(19.3%)
mgf‘rﬁxg‘rﬂ Adapted 9(15.8%) 22 (36.0%)
Studies That did not Report 2 (3.5%) 2 (1.8%)
0-4 8 (14.0%)  23(20.2%)
4-6 15(26.3%) 25 (21.9%)
Duration of 7-9 6 (10.5%) 11 (9.7%)
Experimental 10-12 6 (10.5%) 14 (12.3%)
Intervention 13-15 5 (8.8%) 11 (9.7%)
Over 15 4 (7.0%) 7 (6.1%)
Other (hour, day, etc.) 6 (10.5%) 7 (6.1%)
Studies That did not Report 7 (12.3%) 16 (14.0%)
True Experimental Design 2 (3.5%) 5 (4.4%)

Research Design

Quasi Experimental Design
Experimental Design (Randomly Assigned
Clusters)

31 (54.4%)
24 (42.1%)

70 (61.4%)
39 (34.2%)

Teacher Effect

Different Teachers

Same Teachers

Other (distance education, etc.)
Studies That did not Report

12 (21.1%)
25 (43.9%)
4 (7.0%)

16 (28.1%)

35 (30.7%)
49 (42.3%)
6 (5.3%)

24 (21.1%)

Researcher Effect

Not any of Researcher
Only One of Researcher
Only Researcher

Studies That did not Report

16 (28.1%)
7 (12.3%)

19 (33.3%)
15 (26.3%)

38 (33.3%)
11 (9.7%)

36 (31.6%)
29 (25.4%)

Computer -and/or Technology-Assisted

L . 7 (12.3%) 15 (13.2%)

earning Method

Type of Teaching Problem-Based Learning Method 3 (5.3%) 5 (4.4%)

Method Used in  Project-Based Learning Method 6 (10.5%) 12 (10.5%)

The Experimental Cooperative Learning Method 5 (8.8%) 10 (8.8%)

Group Outdoor Learning Method 3 (5.3%) 13 (11.4%)
School Garden / School Yard Learning Method 4 (7.0%) 7 (6.1%)
Inquiry Based and/or Critical Thinking Learning 3 (5.3%) 6 (5.3%)
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Method
IEnvironmental Education Courses and 6 (10.5%) 16 (14.0%)
rograms
Field (Nature) Trips And Camps 6 (10.5%) 11 (9.6%)
Other 14 (24.6%) 19 (16.7%)
Overall Total 57(100%) 114(100%)

As seen in Table 1, most of the studies included in the meta-analysis were carried out
“between 2008 and 2015” (2008 to 2011, n = 27, 47%; 2012 to 2015, n = 20, 35%)” The
majority of these studies were “graduate theses (master’s theses, n = 22, 39%; doctoral
dissertations, n = 15, 26%)”. The number of research papers published in “Turkish (n = 30,
53%)” and “English (n = 27, 47%)” is nearly equal. The studies mostly surveyed “primary
education level (n = 28, 49%)” and “samples of 51-100 persons (n = 29, 51%)”. With respect
to the measuring instruments used in the studies, nearly half of the measuring instruments
were developed by researchers (n = 25, 44%) and the majority were composed of objective
questions (n = 40, 70%). The studies carried out the interventions in the experimental and
control groups for a maximum of four to six weeks (n = 15, 26%), while some studies did not
report the duration (n = 7, 12%). The studies generally used an “experimental design (n = 24,
42%)”, while more than half of the studies used a “quasi-experimental design (n = 31, 54%)".
In nearly half of the studies included in the meta-analysis, interventions were carried out by
the same teacher (n = 25, 44%) in the experimental and control groups. However, a
significant portion of the primary studies included in the meta-analysis was composed of
studies that provided no information on the teacher conducting interventions in the
experimental and control groups “(n = 16, 28%)” and those in which different teachers
conducted interventions (n = 12, 21%). When the studies were analyzed according to
whether researchers conducted interventions in the experimental and control groups, the
majority reported that “researchers conducted interventions in both the experimental and
control groups (n = 19, %33)”. On the other hand, a significant portion of the primary studies
was composed of “studies that did not report (n = 16, %28)” whether researchers took part in
interventions and “those reported that researchers took no part in interventions (n = 15,
%26)”. With respect to the active learning and constructivist learning approaches applied in
the experimental group, the most commonly used method was “computer- and technology-
assisted learning method (n = 7, 12%)”, followed by “project-based learning method (n = 6,
%11), “environmental education courses and programs (n = 6, 11%)”, and “field (nature)
trips and camps (n =6, 11%)".

The normal distribution curve (Figure 2) and the stem and leaf plot (Figure 3) of a total of 114
effect sizes obtained from 57 studies are presented below.
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Figure 2. Normal distribution curve histogram for 114 Hedges’ g values included in the meta-
analysis
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Figure 3. Stem and leaf plot related to studies included in meta-analysis

It can be seen from the data in Figure 2, the mean Hedges’ g for the studies was 1.014, the
mean value 1.094, the standard deviation 1.131, the standard error 0.071, the variance
0.005, the minimum effect size 0.875, and the maximum effect size 1.153. As shown in
Figure 3, among 114 effect sizes included in the meta-analysis, 108 (95%) were positive and
6 (5%) are negative. According to the data obtained from the stem and leaf plot, the effect
sizes mostly ranged from 0.0 to 0.9 (<59 (52%)); however, the number of studies with effect
sizes of 0.4, 0.0, 0.2, 0.5, and 0.6 was higher than the rest. In line with the data in Figure 2
and Figure 3, the studies included in the meta-analysis had a normal distribution. The total
sample size of the studies included in the meta-analysis consisted of 6237 individuals,
including 3387 in the experimental group and 2850 in the control group.

Findings on the Effect of Constructivist Leaming Approach and Active Leamning on
Environmental Education
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To seek an answer to the first research problem “What is the overall effect of constructivist
learning approach or active learning methods on environmental education compared to
traditional learning methods?”, a systematic analysis was carried out in the following steps:
defining the unit of analysis, reliability calculation, publication bias calculation, overall effect
size calculation and statistics, power analysis, and heterogeneity analysis.

In order to answer the first research problem, each research was accepted as a unit of
analysis. Accordingly, 57 units of analysis were obtained from 57 studies included in the
meta-analysis. In studies with more than one effect size, the “mean effect size” was
calculated. The mean effect size was calculated using the combined sample size, the
combined mean, and the combined standard deviation (Borenstein et al., 2009, pp. 221-222).

With respect to the reliability of the studies included in the meta-analysis, coder reliability and
intercoder reliability coefficients were calculated (Lipsey & Wilson, 2001, pp. 73-74;
Rosenthal, 2009, pp. 44-45 as cited in Ustiin & Eryilmaz, 2014). These reliabilities were
calculated using the equation of agreement rate (Orwin & Vevea, 2009, p. 187). Four experts
were consulted about the calculation of reliability coefficients. Information about coders is
presented in detail in Table 2.

Table 2.
Descriptive statistics about coders
Coder i : Seniority
Number Gender  Job Title Professions Year

Assessment and evaluation
Science education
1 Female Academics Doctor Environmental education 10
Conceptual change and
metacognition
Assessment and evaluation

. Doctoral Science education
2 Male Academics Student Conceptual change and 6
metacognition
Science education
3 Female Teacher Doctor Environmental education 8
Problem Based Learning
. Doctoral Assessment and evaluation
4 Male Academics Student Mathematics Education 4

Table 2 shows data on the coders. Accordingly, three coders were female and one was male,
three were academics and one was a teacher, two had a doctoral degree and two were
doctoral students, three were experts in science education, three in assessment and
evaluation, and two in environmental education, and the years of seniority ranged from four to
ten years. The mean coder reliability agreement rate was found to be 0.932 and the mean
intercoder reliability agreement rate 0.935. These values are greater than the agreement rate
of 0.80 suggested by Carletta (1996) and Cohen (1960) and that of.85 suggested by
Bayraktar (2001). Therefore, it can be said that the data of this meta-analysis are reliable
(Carletta, 1996; Cohen, 1960; Bayraktar, 2001).

Quality of studies and publication bias are two major validity problems in meta-analysis. It
might be a solution to this validity problem to determine the quality of studies and exclude
poor-quality studies from meta-analysis. However, it is not a right approach to determine the
quality of studies included in the meta-analysis using various measures and exclude them
from the meta-analysis, which may lead to publication bias (Glass, 1982; Lipsey, & Wilson,
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2001; Valentine, 2009, p. 130). Accordingly, all studies that meet the inclusion criteria must
be systematically identified and included in the meta-analysis. This study adopted a
systematic approach to determine which studies to include in the meta-analysis and thus
included studies in the meta-analysis using a PRISMA diagram (Figure 1) (Littell et al., 2008).
Forest and funnel plots, Rosenthal’s fail-safe N, Orwin’s fail-safe N, and Duval and Tweedie’s
TFM were used to determine the publication bias of the studies included in the meta-analysis
(Greenhouse & lyengar, 2009, pp. 428-430; Rothstein et al., 2005; Ustiin & Eryiimaz, 2014).
Figure 4 displays the data for the funnel chart.
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Figure 4. Funnel Plot of studies included in meta-analysis

Figure 4 shows a roughly symmetrical distribution of the studies in the inverted funnel shape.
The black squares in the forest plot (Appendix 2) represent the mean effect size for each unit
of analysis, the horizontal lines represent the confidence intervals at 95%, and the area of
squares represents the weights of studies included in the meta-analysis. The diamond at the
bottom of the plot represents the combined effect size of studies. In the forest plot given in
Appendix 2, the studies included in the meta-analysis were listed according to their sensitivity
based on mean effect sizes. It can be seen from the data in Appendix 2 that there was no
significant publication bias for the studies included in the meta-analysis. The followings can
be presented as evidence that there is no publication bias: the mean effect sizes of high-
sensitivity studies were distributed within a narrower range while the mean effect sizes of
low-sensitivity studies were distributed within a wider range, and effect sizes increased with
reduced sensitivity. However, the data obtained from the forest and funnel plots are visually
analyzed. Thus, the study data must be statistically analyzed. The data were statistically
analyzed using “Rosenthal’'s FSN” (Table 3) and “Orwin’s FSN” (Table 4) to show that there
was no publication bias in the studies (Greenhouse & lyengar, 2009, pp. 428-430; Rothstein
et al., 2005; Ustiin & Eryllmaz, 2014).

Table 3.
Statistical data related to Rosenthal's FSN
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Rosenthal's FSN
Z-value for observed studies 34,15528
p-value for observed studies 0,00000
Alpha 0,05
Tails 2
Z for alpha 1,95996
Number of observed studies 57
FSN 7253
Table 4.
Statistical data related to Orwin’s FSN

Orwin’s FSN
Hedges’ g observed studies 0,71
Criterion for a ‘trial’ Hedges’ g 0,100
Mean Hedges’ g in missing studies 0,000
FSN 351

As shown in Table 3 and Table 4, “Rosenthal’'s FSN” was 7253 and “Orwin’s FSN” was 351
with alpha set at 0.1 for each. These results indicate that if 7253 studies according to
‘Rosenthal’'s FSN” and 351 studies according to “Orwin’s FSN” were added to the meta-
analysis, the meta-analytic mean effect size would be statistically insignificant. If the alpha
value was set at 0.05, “Orwin’s FSN” would rise to 758. These values are very high compared
to the results of 57 studies included in the meta-analysis. The formula N/(5k+10) proposed by
Mullen, Muellerleile, and Bryant (2001) can be used to determine how robust FSN is to be far
from publication bias. If the value exceeds 1, it indicates that the meta-analysis is sufficiently
robust for future studies. According to “Rosenthal's FSN”, this value was
7253/(5*57+10)=17.73. This value substantially exceeds 1. Based on the statistical data
obtained from “Rosenthal’s FSN” and “Orwin’s FSN”, this meta-analysis seems to be highly
robust for possible future studies (Mullen et al., 2001; Borenstein et al., 2009).

Publication bias was finally analyzed using “Duval and Tweedie’s trim and fill method (TFM)”".
The number of missing studies might exist in a meta-analysis was estimated using this
method and these possible studies were added to the meta-analysis to estimate the effect of
the missing studies on the overall effect size (Ustiin & Eryilmaz, 2014). Table 5 shows the
case where the adjusted effect sizes with missing studies added using the “TFM” were added
to the left of the mean and Table 6 shows the case where they were added to the right.

Table 5.
Adjusted effect size data by “TFM” (missing studies added to the left of the mean)
Random Effect Model
Number of , Lower Upper Q Value
trimmed sudy ~ °%9%%°9  Limie Limit
Observed Effect Size 1.181 0.981 1.382
Adjusted Effect Size 0 1.181 0.981 1.382 860.856
Table 6.

Adjusted effect size data by “TFM” (missing studies added to the right of the mean)
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Random Effect Model
Number of , Lower Upper Q Value
trimmed study €959 L imie Limit
Observed Effect Size 1.181 0.981 1.382 860.856
Adjusted Effect Size 10 1.463 1.198 1.728 2362.828

Given the data in Table 5, no missing data was added to the left of the mean; however, given
the data in Table 6, ten missing data were added to the right of the mean. After the missing
data were added to the right of the mean, the adjusted effect size (Hedges’ g) was found to
be 1.463 with a lower limit of 1.198, an upper limit of 1.728 and Q value of 2362.28. The
funnel plot of the adjusted effect size is presented in Figure 5.
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Figure 5. Funnel Plots Related to Adjusted Effect Size of Studies Included in Meta-Analysis

Figure 5 shows that the studies included in the meta-analysis were generally at the center of
the inverted funnel, thereby showing a symmetrical distribution. “The adjusted effect size
(Hedges’ g = 1.463)” and the “overall effect size (Hedges’ g = 1.181)” are the same according
to the classification proposed by Cohen et al. (2007, p. 521). Both values represent a large
effect size. Given the data on both plots, it can be said that there was no publication bias that
would affect the bottom of the plot.

Based on the validity and reliability analysis results of the studies included in the meta-
analysis, it can be said that there was no problem with validity and reliability in this meta-
analysis study. Thus, the overall effect size and the related statistical test results can be
analyzed in relation to the first research problem. Table 7 shows statistical data on the overall
effect size.

Table 7.
Statistical related to overall effect size
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Descriptive Descriptive statistics related to effect size and Null Test

statistics 95% confidence interval
related to
studies
Model included in
meta-
analysis
95% i
f k g S.E. Var. confidence p-value
. value
interval
. 0.665-
Fixed 57 57 0.714 0.025 0.001 0.763 28.45 0.000
0.981-
Random 57 57 1.181 0.102 0.010 1382 11.54 0.000

As can be seen from Table 7, the overall effect size was “large” (Cohen, 1988) or “strong”
(Cohen et al., 2007) at 95% confidence interval (0.981-1.382) for 57 studies (k = 57) included
in the meta-analysis according to the random-effects model (k = 57; Hedges’ g = 1.181; S =
0.102; S2= 0.010; %95 Cl = 0.981-1.382; Z-value = 11.537; p-value = 0.000). The results of
the null-hypothesis test showed that the null hypothesis was rejected at«= 0.05, z = 11.537
(p = 0.000). It can thus be said that all real effect sizes differ significantly from zero. Based on
these findings, the constructivist learning approach and/or active learning approach are
strongly (largely) effective on environmental education compared to traditional learning
methods.

The rejection of the null hypothesis depends on whether robust statistical analysis methods
are used. A statistical power analysis was performed to determine the statistical power of the
findings obtained from this study (Borenstein et al., 2009, p. 257, Ellis, 2013, p. 52). One of
the prime objectives of meta-analysis is to determine the heterogeneity among the studies
included in the meta-analysis and to determine the moderator variables considered to cause
heterogeneity (Hueda-Medina et al., 2006). Table 8 displays the results of power analysis
and heterogeneity analysis.

Table 8.

Findings related to heterogeneity test

Heterogeneity Tau- squared (t?) Power
lota- Tau-

Q- gf - ota au

squared squared  S.E. S? Tau (tr) Power B
() (t?)

value (Q) value

860,9 56 0.000 93.495 0.526 0.143 0.02 0.725 1.000 0.000

As shown in Table 8, the null hypothesis was rejected at a = 0.05 (p < 0.05). Thus, all studies
shared the common effect size and showed heterogeneity in terms of common effect size.
The results of the Q test and |-squared analysis revealed heterogeneity among the studies
included in the meta-analysis. The Q value obtained at 56 degrees of freedom (Q = 860.856)
was greater than Q(56) = 74.468 given for 56 degrees of freedom at the level of p = 0.05 in
the x? distribution table [Q (56) = 860.856 > 74.468]. It can thus be said that the effect size
distribution is heterogeneous. |-squared for heterogeneity was 93.495 (2 = 93.495). This
represents heterogeneity at 93.495%. Given that this value is over 75%, heterogeneity
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among the studies included in the meta-analysis seems to be high (Higgins, Thompson,
Deeks, & Altman, 2003). In this case, the heterogeneity among the studies must be
explained. To this end, the results of the moderator variables must be analyzed and the
sources of heterogeneity must be explained (Glass, 1982; Lipsey & Wilson, 2001; Ustin &
Eryilmaz, 2014). The power analysis results indicate that the study has high statistical power
on the basis of the overall effect size (power = 1). Considering the probability of Type Il error,
it seems that the probability of failure to detect the effect of the actual application is close to
zero (B =0).

Findings on Whether the Overall Effect Size Differs According to Moderator Variables

This study sought to explain the sources of heterogeneity through 13 moderator variables
(year of publication, language of publication, type of publication, country, educational level,
sample size, type of questions in measuring instrument, developer of measuring instrument,
duration of experimental intervention, research design, teacher effect, researcher effect, and
teaching method used in the experimental group). To find out whether the effects of
constructivist learning approach and/or active learning on environmental education differed
according to moderator variables, a moderator analysis was carried out in relation to the
second research problem. Table 9 shows the moderator analysis results.

Table 9.
Summary of results for moderator variable analysis
Moderator Variable k Model p Value g % of Variance Explained

Year of Publication 0.275 0.157 15.7%
Country Fully 0.044 0.508 50.8%
Sample Size 57 Random- 0.003 0.286 28.6%
Duration of Effects
Experimental Model 0.065 0.000 0.0%
Intervention
Educational Level 0.000 0.199 19.9%
Type of Publication 0.000 0.184 18.4%
Type of Measuring 0.000 0584  584%
Instrument
Developer of 0.000 0421  42.1%
Measuring Instrument .
Language of Mixed

. 57 Effects 0.000 0.508 50.8%
Publication Model
Research Design 0.091 0.000 0.0%
Teacher Effect 0.000 0.128 12.8%
Researcher Effect 0.040 0.000 0.0%
Type of Teaching
Method Used in The 0.298 0.000 0.0%

Experimental Group

It can be seen from the data in Table 9 that there was no significant difference between the
effects of constructivist learning approach, active learning methods and traditional learning
methods on environmental education in terms of “year of publication (QB = 3.880; SD = 3; p =
0.275; p > 0.05)”, “duration of experimental intervention (QB = 13.290; SD = 7; p = 0.065; p >
0.05)", “research design (QB = 10.905; SD = 6; p = 0.091; p > 0.05)", and “type of teaching
method used in the experimental group (p = 0.298; p > 0.05)”. On the other hand, a
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significant difference was found in terms of “country (QB = 6.254; SD = 2; p = 0.044; p <
0.05)", “sample size (QB = 13.811; SD = 3; p = 0.003; p < 0.05)”, “educational level (QB =
108.808; SD = 5; p = 0.000; p < 0.05)", “type of publication (QB = 107.870; SD = 3; p = 0.000;
p < 0.05)", “type of measuring instrument (QB = 18.545; SD = 3; p = 0.000; p < 0.05)",
“developer of measuring instrument (QB = 191.461; SD = 3; p = 0.000; p < 0.05)”, “language
of publication (QB = 85.965; SD = 1; p = 0.000, p < 0.05)”, “teacher effect (QB = 85.990; SD =
3; p = 0.000; p < 0.05)", and “researcher effect (QB = 8.332; SD = 3; p = 0.065; p < 0.05)".
With respect to the variance ratios explained by these moderator variables, the moderator
variables that had the greatest impact on the overall effect size of are as follows: “type of

measuring instrument in terms of questions (58.4%)”, “country (50.8%)”, “language of
publication (50.8%),” “type of measuring instrument in terms of developer (42.1%)”, “sample
size (28.6%),” “educational level (19.9%), “type of publication (18.4%)”, and “teacher effect
(12.8%).” Although it significantly differed in terms of overall effect size, the moderator
variable “researcher effect (0.0%)” accounted for 0% of the variance. “Duration of
experimental intervention (0.00%)”, “research design (0.00%)” and “type of type of teaching
method used in the experimental group (0.00%)” did not differ significantly in terms of overall
effect size and had no effect on variance. However, the moderator variable “year of
publication (15.7%)” accounted for 15.7% of the variance although it had no significant effect

on the overall effect size.

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, no significant
difference was found in terms of “year of publication” (QB = 3.880; SD = 3; p > 0.05). The
ranking of the effect sizes for the moderator variable “year of publication” was as follows:
“from 2000 to 2003 (ES = 1.729; k = 3)”, “from 2008 to 2011 (ES = 1.251; k = 27)”, “from 2012
to 2015 (ES = 1.183; k = 20)”, and “from 2004 to 2007 (ES = 0.735; k=7)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was found in term of “language of publication” (QB = 85.965; SD = 1; p < 0.05).
The ranking of the effect sizes for the moderator variable “language of publication” was as
follows: “Turkish (ES = 1.066; k = 30)” and “English (ES = 0.560; k = 27)”.

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “type of publication” (QB = 107.870; SD = 3; p < 0.05).
The ranking of the effect sizes for the subgroups of the moderator variable “type of
publication” was as follows: “other (ES = 2.307; k = 2)”, “doctoral dissertation (ES = 0.840; k =
15)”, “master’s thesis (ES = 0.778; k = 22)", and “article (ES = 0.544; k = 18)”".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “country” of publication (QB = 6.254; SD = 2; p < 0.05).
The ranking of the effect sizes for the subgroups of the moderator variable “country” was as
follows: “other (ES = 1.435, k = 10)”, “Turkey (ES = 1.245, k = 36)”, and “USA (ES = 0.701, k
=11)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “educational level” of the sample (QB = 108.808; SD = 5;
p < 0.05). The ranking of the effect sizes for the subgroups of the moderator variable
‘educational level” was as follows: “not reported (ES = 1.991; k = 1), “early childhood (ES =
1.350; k = 1)”, “higher education (ES = 0.850; k = 17)”, “secondary education (ES = 0.835; k =
8)”, “primary education (ES = 0.594; k = 28)”, and “mixed (ES = 0.259; k = 1)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “sample size” (QB = 13.811; SD = 3; p < 0.05). The
ranking of the effect sizes for the subgroups of the moderator variable “sample size” was as
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follows: “51 to 100 people” (ES = 1.491; k = 29), “< 51 people (ES = 1.203; k = 10)”, “101 to
150 people (ES = 0.831; k=11)", and “> 150 people (ES =0.517; k= 7)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “type of measuring instrument in terms of questions” (QB
= 18.545; SD = 3; p < 0.05). The ranking of the effect sizes for the subgroups of the
moderator variable “type of measuring instrument in terms of questions” was as follows: “only
open-ended questions (ES = 1.988; k = 1), “not reported (ES = 0.904; k = 7)”, “mixed (ES =
0.721; k = 9)”, and “only objective questions (ES = 0.670; k = 40)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “type of measuring instrument in terms of developer” (QB
= 191.461; SD = 3; p < 0.05). The ranking of the effect sizes for the subgroups of the
moderator variable “type of measuring instrument in terms of developer” was as follows: “not
reported (ES = 2.370; k = 2)”, “developed by researcher(s) (ES = 1.042; k = 25)”, “pre-existing
(ES =0.489; k = 21)”, and “adapted (ES = 0.468; k = 9)”.

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, no significant
difference was found in terms of “duration of experimental intervention” (QB = 13.290; SD =
7; p > 0.05). The ranking of the effect sizes for the subgroups of the moderator variable
“duration of experimental intervention” was as follows: “not reported (ES = 1.902; k = 7), “7
to 9 weeks (ES = 1.687; k = 6)”, “10 to 12 weeks (ES = 1.507; k = 6)”, “< 4 weeks (ES =
1.240; k = 8)”, “13 to 15 weeks (ES = 1.223; k = 5)”, “>15 weeks (ES = 0.843; k =4)", “4 t0 6
weeks (ES = 0.803; k = 15)", and “other (ES = 0.792; k = 6)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, no significant
difference was found in terms of “research design” (QB = 10.905; SD = 6; p > 0.05). The
ranking of the effect sizes for the subgroups of the moderator variable “research design” was
as follows: “experimental design (random assignment) (ES = 1.690; k = 17)”, “experimental
design (no information on assignment) (ES = 1.464; k = 4)”, “true experimental design (ES =
1.225; k = 2)”, “quasi-experimental design (random assignment) (ES = 1.037; k = 13)",
“‘experimental design (non-random assignment) (ES = 0.961; k = 13)”, “quasi-experimental
design (no information on assignment) (ES = 0.728; k = 5)”, and “experimental design (non-
random assignment) (ES = 0.654; k = 3)”

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was found in term of “teacher effect” (QB = 85.990; SD = 3; p < 0.05). The ranking
of the effect sizes for the subgroups of the moderator variable “teacher effect” was as follows:
“other (ES = 1.643; k = 4)”, “not reported (ES = 0.759; k = 16)”, “same teacher (ES = 0.758; k
= 25)”, and “different teacher (ES = 0.519; k = 12)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, a significant
difference was also found in term of “researcher effect” (QB = 8.332; SD = 3; p < 0.05). The
ranking of the effect sizes for the subgroups of the moderator variable “researcher effect” was
as follows: “only one was researcher (ES = 1.918; k = 7)”, “all were researchers (ES = 1.180;
k =19)”, “not reported (ES = 1.168; k = 15)”, and “none was researcher (ES = 0.896; k = 16)".

When the effects of constructivist learning approach and active learning methods on
environmental learning were compared to those of traditional learning methods, no significant
difference was found in terms of “ constructivist learning and active learning” (QB = 10.679;
SD =9; p > 0.05). The ranking of the effect sizes for the subgroups of the moderator variable
“teaching method” was as follows: “outdoor education (ES = 1.864; k = 3)”, “problem-based
learning (ES = 1.652; k = 3)”, “other (ES = 1.593; k = 14)”, “project-based learning (ES =
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1.085; k = 6)”, “environmental education courses and programs (ES = 1.084; k = 6)”, “garden-
based education (ES = 1.051; k = 4)”, “cooperative learning (ES = 1.014; k = 5)”, “computer-
assisted learning (ES = 0.910, k = 7)”, “field (nature) trips and camps (ES = 0.763; k = 6)”,
and “inquiry based and/or critical thinking learning (ES = 0.743; k = 3)".

Results and Discusion

This study set out to investigate the effects of constructivist learning approach and active
learning on environmental education in comparison with traditional learning methods and
combined 114 effect sizes derived from 57 studies to treat each study as a unit of analysis (k
= 57). The results of the random-effects meta-analysis showed that constructivist learning
approach and/or active learning methods had a large (strong)(Cohen, 1988, p. 40; Cohen et
al., 2007, p. 521) and positive effect on environmental education compared to traditional
learning methods (k = 57; Hedges’ g = 1.463; SH = 0.102; S2= 0.010; CI = 0.981-1.382). No
meta-analysis research has been found that investigated the effect of constructivist learning
approach and active learning on environmental education. Earlier meta-analysis studies on
environmental education have used three different meta-analysis methods. The first is the
meta-analysis studies on the effectiveness of relations (Hines et al., 1987; Bamberg &
Mémer, 2007; Hurst et al., 2013; Kléckner, 2013), the second is the meta-analysis studies on
the effectiveness of scale studies (Hawcroft & Milfont, 2010), and the third is the meta-
analysis studies on the effectiveness of differences (Zelezny, 1999; Osbaldiston & Schott,
2011; Mifsud, 2012), which is the case in the present study. With respect to the meta-analysis
studies on the effectiveness of differences, the results of Osbaldiston and Schott (2011) are
similar to those of the present study, while the results of Zelezny (1999) differ from those of
the present study.

Osbaldiston and Schott (2011) studied the effectiveness of experimental treatments
conducted between 1980 and 2010 on pro-environmental behavior. The authors aimed to
examine how to promote pro-environmental behavior using meta-analysis. Their sample
consisted of 87 published reports between 1980 and 2010 (n = 87; k = 243). They found that
treatments including “cognitive dissonance”, “goal setting”, “social modeling”, and “prompts”
had a very large effect on pro-environmental behavior (Osbaldiston & Schott, 2011). The
findings of this study support the present study. However, the two studies differ in year

criterion, and dependent and independent variables.

Zelezny (1999) compared the effects of educational interventions in classrooms and those in
non-traditional settings on environmental behavior in the period from 1971 to 1996. The
research was restricted to studies that were published from 1971 to 1996. The sample
consisted of nine published studies that involved classroom interventions and nine that
involved interventions in non-traditional settings. The effect sizes were compared according
to r-effect size. The effect size was r= .65 for classroom interventions and r= .27 for
interventions in non-traditional settings. Accordingly, educational interventions in non-
traditional settings were less effective in improving environmental behavior compared to
classroom interventions. Additionally, active participation was found to be more likely in
classrooms interventions compared to interventions in non-traditional settings. The research
reported that the studies included in the meta-analysis used poor research designs and had
low research quality (Zelezny, 1999). The results reported by Zelezny differ from the findings
of the present study. There might be several possible explanations for this discrepancy. It
might be that Zelezny (1999) sampled much earlier studies (1971-1996), the studies included
in the meta-analysis used simple experimental designs, the effect size was calculated using
the r family, and different dependent variables were used.

Mifsud (2012) meta-analyzed twenty-one studies on environmental knowledge, attitude, and
behavior of young people. Although the title of the study suggests that a meta-analysis would
be performed, it was rather a systematic review. Thus, no effect size was reported. However,
the findings reported by Mifsud (2012) are consistent with the findings of the present study.
The studies analyzed by Mifsud (2012) mostly focused on primary and secondary school
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students but laid much less stress on students aged 16 to 18 years. The findings of these
studies showed that young people had a positive attitude towards the environment and
environmental issues, and women had a more positive attitude towards the environment than
men. The majority of the studies (n = 20) used quantitative research methods, one study
used only a qualitative research method, and two studies used both qualitative and
quantitative research methods. The quantitative studies mostly used multiple-choice and
Likert-type attitude scales. Television, books, newspapers, schools, and groups of friends
constituted the main sources of environmental information for the sample of young people.
Environmental problems that the sample group often mentioned included “air pollution”,
“‘water pollution”, “degradation of biodiversity”, and “population growth in metropolitan areas”.

No previous meta-analysis research has focused on the effect of the constructivist learning
approach and active learning on environmental academic achievement and environmental
attitudes. However, previous meta-analysis studies investigated the effects of constructivist
learning approach or active learning on academic performance in different disciplines (such
as mathematics, astronomy, and science) (Schmidt, Van der Molen, Te Winkel, & Wijnen,
2009; Celik, 2013; Topan, 2013; Batdi, 2014b; Ayaz & Sekerci, 2015; Semerci & Batdi, 2015;
Yasar, Cengelci Kése, G6z, & Gurdogan Bayir, 2015; Lee, Lee, Gong, Bae, & Choi, 2016;
Ural & Bimen, 2016; Bozdemir, Ezberci Cevik, Altunoglu, & Kurnaz, 2017; Sad, Kis & Demir,
2017) and on attitudes (Ayaz & Sekerci, 2015; Semerci & Batdi, 2015; Toraman & Demir,
2016; Ural & Bimen, 2016). In accordance with the present results, the majority of previous
studies reported a “large (strong)” (Cohen, 1988, p. 40) and positive effect size (Celik, 2013;
Topan, 2013; Batdi, 2014b; Ayaz & Sekerci, 2015; Semerci & Batdi, 2015; Yasar et al., 2015;
Ural & Bumen, 2016; Bozdemir et al., 2017; Sad et al., 2017). Celik (2013) reported that
alternative teaching methods had a “large” effect on primary school students’ academic
performance in mathematics (Cohen’s d = 0.887). Topan (2013) observed that student-
centered methods had a “large” effect on students’ mathematical academic achievement
(Hedges’ g = 0.892). Batdi (2014b) also found that activity-based learning approaches had a
“large” effect on students’ academic performance (ES = 2.26). Similarly, Ayaz and Sekerci
(2015) determined that the constructivist learning approach had a “large “effect on students’
academic performance (Hedges’ g = 1.40). Likewise, Semerci and Batdi (2015) reported that
the constructivist learning approach had a “large” effect on students’ academic performance
(Cohen’s d = 1.08). Yasar et al. (2015) also showed that student-centered learning-teaching
processes in social studies classes had a “large” effect on students’ academic performance
(Hedges’ g = 1.25). Ural and Bimen (2016) found that constructivist instructional practices
used in science and technology teaching in Turkey had a “large” effect on students’ science
performance (Cohen’s d = 1.00). Bozdemir et al. (2017) reported that different teaching
approaches used in teaching astronomy subjects had a “large” effect on students’ academic
performance in astronomy (Hedges’ g = 0.816). Sad et al. (2017) also observed that
contemporary learning approaches had a “large” effect on students’ mathematics academic
performance (Cohen’s d = 0.93). Contrary to these results, Lee et al. (2016) found that non-
traditional learning methods had a “small” effect on critical thinking skills of nursing students
(ES = 0.42 and ES = 0.29). Similarly, Schmidt et al. (2009) observed that constructivist
learning approaches using problem-based learning had a “weak” effect on medical
knowledge of medical students (d = 0.07). However, these studies differ from the present
study in terms of both sample groups and the treatment of different dependent variables.

Some previous meta-analysis studies focused on the effect of constructivist learning
approach or active learning on student attitudes in different disciplines (science and
technology, and mathematics) (Ayaz & Sekerci, 2015; Semerci & Batdi, 2015; Toraman &
Demir, 2016; Ural & Bumen, 2016). These studies differ in their findings. Ayaz and Sekerci
(2015) observed that the effect of the constructivist learning approach on student attitudes
was “‘moderate” (Hedges’ g = 0.755). Similarly, Toraman and Demir (2016) reported a
‘moderate” effect (ES = 0.728) of constructivist learning approach on student attitudes.
Likewise, Ural and Bimen (2016) found that constructivist instructional practices used in
science and technology teaching in Turkey had a “moderate” effect on students’ science
attitudes (Cohen’s d = 0.743). In contrast to these findings, Semerci and Batdi (2015)
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reported a “modest” effect (Cohen’s d = 0.44) of constructivist learning approach on student
attitudes. These differences might be explained by the fact that affective characteristics such
as motivation, attitude, sensitivity develop at an early age, it takes a long time for them to
develop, and they are hard to change (Smith, 1968; Kagit¢cibasi, 2010, p. 132). Another
possible explanation for the difference between the present study and previous meta-analysis
studies that investigated affective characteristics might be that the present study investigated
a specific discipline, such as environmental education, and involved different moderator
variables.

According to the results of the “Q test” run to determine the homogeneity of the studies
included in the meta-analysis, the null hypothesis was rejected ata 0.05 (p = 0.000; p < 0.05;
z =11.537) and all the studies included in the meta-analysis shared a common effect size but
showed a heterogeneous distribution with respect to the common effect size (Q(56) =
860.856 > x2 distribution table Q(56) = 74.468) (Q(56) = 860.856). The “I-square analysis”
results revealed a high level of heterogeneity (12>75)(12= 93.495) (Higgins et al., 2003). The
sources of heterogeneity was explored by the moderator analysis (Glass, 1982; Lipsey &
Wilson, 2001; Ustiin & Eryilmaz, 2014).

According to the results of the moderator analysis, a significant difference was found
between the effects of constructivist learning approach, active learning methods and
traditional learning methods on environmental education in terms of “country (QB = 6.254; SD
= 2; p = 0.044; p < 0.05)", “sample size (QB = 13.811; SD = 3; p = 0.003; p < 0.05)",
“‘educational level (QB = 108.808; SD = 5; p = 0.000; p < 0.05)", “type of publication (QB =
107.870; SD = 3; p = 0.000; p < 0.05)”, “type of measuring instrument (QB =18.545; SD = 3; p
= 0.000; p < 0.05)”, “developer of measuring instrument (QB = 191.461; SD = 3; p = 0.000; p
< 0.05)”, “language of publication (QB = 85.965; SD = 1; p = 0.000, p < 0.05)", “teacher effect
(QB =85.990; SD = 3; p = 0.000; p < 0.05)", and “researcher effect (QB =8.332; SD=3; p =
0.065; p < 0.05)”. However, there was no significant difference in terms of “year of publication
(QB = 3.880; SD = 3; p = 0.275; p > 0.05)", “duration of experimental intervention (QB =
13.290; SD = 7; p = 0.065; p > 0.05)", “research design(QB = 10.905; SD = 6; p = 0.091; p >
0.05)”, and “type of teaching method used in the experimental group (p = 0.298; p > 0.05)".

Previous studies have analyzed the effect of some of these moderator variables. The findings
of the present study corroborate some of the earlier findings but differ from some other. In
their meta-analysis studies, Ustiin (2012), Kyndt, Raes, Lismont, Timmers, Cascallar, and
Dochy (2013), and Godzlyesil and Dikici (2014) found the overall effect size significantly
differed according to the moderator variable “country”, which is consistent with the present
results. In agreement with the present results, Sad et al. (2017) showed that the overall effect
size significantly differed according to the moderator variable “sample size”. The present
result that the overall effect size significantly differed according to the moderator variable
“‘educational level” matches the results observed in earlier studies (Ozdemirli, 2011; Batdi,
2014a; Batdi (2015), Capar & Tarim, 2015; Akdemir & Karakus, 2016; Ayaz & SoOylemez,
2016; Basar, Askin, & Gelbal, 2016; Ustlinel, 2016). The present result that the overall effect
size significantly differed according to the moderator variable “type of publication” also
confirms earlier results (Ustin, 2012; Ayaz, 2015c; Kanadl, Unal, & Karakus, 2015; Karakug
& Oztirk, 2016; Karakus & Yalgin, 2016; Lazonder & Harmsen, 2016). Consistent with the
present study, Ustlin (2012) observed that the overall effect size significantly differed
according to the moderator variable “type of measuring instrument in terms of developer”. In
agreement with the present study, Oner Armagan (2011) found that the overall effect size
significantly differed according to the moderator variable “researcher effect”. No previous
study has reported that the overall effect size significantly differed according to the moderator
variable “type of measuring instrument in terms of questions. No previous study has
supported or rejected the impact of the moderator variable “language of publication” on the
overall effect size. Consistent with the present study, earlier studies observed that the overall
effect size did not significantly differ according to the moderator variable “year of publication”
(Sahin, 2005; Shin & Kim, 2013; Sen & Yilmaz, 2013; Batdi, 2015; Toraman & Demir, 2016;
Basol & Erbay, 2017). Again consistent with the present results, earlier studies reported that
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the overall effect size did not significantly differ according to the moderator variable “duration
of experimental intervention”(Ayaz, 2015c; Capar & Tarim, 2015; Dagyar & Demirel, 2015;
Kaplan, Duran, & Bas, 2015; Cantlirk Glnhan, 2016; Lazonder & Harmsen, 2016; Sad et al.,
2017). In agreement with the present study, earlier studies reported that the overall effect
size did not significantly differ according to the moderator variable “research design”(Shin &
Kim, 2013; Belland, Walker, Whitney Olsen,& Leary, 2015; Jeong, Hmelo-Silver, Jo, & Shin,
2016; Lazonder & Harmsen, 2016). Consistent with the present study, Celik (2013) observed
that the overall effect size did not significantly differ according to the moderator variable “type
of teaching method used in the experimental group”. In contrast to the results of this
research, previous studies reported that the overall effect size did not differ by the moderator
variables “sample size” (Sen & Yilmaz, 2013; Goézlyesil & Dikici, 2014; Ayaz, 2015a; Ayaz,
2015b; Dagyar & Demirel, 2015; Ayaz & Soéylemez, 2016; Cantirk Guinhan, 2016),
“‘educational level” (Shin & Kim, 2013; Gézlyesil & Dikici, 2014; Ayaz, 2015c; Yurt & Polat,
2015; Toraman & Demir, 2016; Basol & Erbay, 2017), “type of publication” (Ayaz &
Soylemez, 2015; Yurt & Polat, 2015; Ayaz, Sekerci & Oral, 2016; Karakus & Yalgin, 2016;
Lazonder & Harmsen, 2016; Toraman & Demir, 2016), “type of measuring instrument in
terms of questions” (Oner Armagan, 2011; Ustiin, 2012), “developer of measuring
instrument” (Oner Armagan, 2011), and “teacher effect” (Ustiin, 2012).

Suggestions

The findings of this study provide valuable insights for future research. The following
recommendations can be offered to all educators who study and are involved in
environmental education, constructivist learning, and active learning processes:

e “Constructivist learning approach” and “active learning” have a large effect on
environmental education compared to “traditional learning”. Therefore, these methods
and techniques should be frequently used in environmental education classes, projects,
and activities.

e The findings on the moderator variables determined to be effective in this study should be
taken into account when using these methods.

e The sample size of application classes should be 50 and below and the duration of
application should be 7 to 12 weeks.

e Meticulous attention should be devoted to environmental education in early childhood,
during when it is most effective. Measuring instruments consisting of both open-ended
and objective questions should be used to measure the cognitive and affective aspects
related to the environment.

e Outdoor education and problem-based learning methods that have proven to be more
effective compared to other methods should be used more often to promote students’
environmental knowledge and attitudes.
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Appendix 2. Forest Plot for 57 studies included in meta-analysis
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Statistics for each study
Lower Upper
Variance  limit

0.007 -0.156 0.179
0.009 0.227 0.597
0.012 0410 0836
0.012 0.127 0301
0.014 0240 0.224
0.015  0.944 1.421
0.015  0.145 0.627
0.017 0,076 0582
0.019 1,081 1.619
0.019 1.030 1572
0.024 0283 0.885
0.025 0.110 0508
0.029 0461 1.125
0.033 0.065 0.647
0.033 0018 0.699
0.034 0279 0.439
0.034 0.124 0598
0.034 0205 0930
0.034  1.121 1.848
0.035 0403 1.141
0.039 1.606 2376
0.045 0731 1.560
0.045  0.024 0859
0.047 0.005 0.857
0.048 0.808 1.669
0.049 -0.002 0.869
0.052 0.604 1.494
0.052 0.357 0540
0.053 0598 1504
0.057 1.120 2.054
0.058 0.389 1336
0.060 0.872 1.829
0.065 0.204 1.202
0.065 0.363 0.637
0.066 0.716 1.721
0.071 1.581 2.622
0.071 0.259 1.305
0.074 0.996 2.059
0.077 0.171 1.256
0.077 0.645 1.731
0.080 -0.028 1.083
0.083 0.297 0.833
0.095 0.047 1.252
0.105  1.856 3.124
0.113  1.454 2773
0.120 1.275 2.635
0.123  0.502 1.875
0.130 2171 3.583
0.144 0.065 1.420
0.166 1.190 2.786
0.174  0.660 2.293
0.189 3,005 4.708
0.191 2.682 4397
0.194 3259 4984
0.289 4130 6.237
0.295 2.022 4.150
0.547 6.295 9.192
0.010 0981 1.382
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0.134
4.361
5.720
0.792
-0.065
9.717
3.140
2,546
9.846
9.403
3.807
1.262
4.682
1.602
1.864
0.436
1.285
3.067
8.007
4.104
10,133
5.420
2.074
1.981
5.636
1.949
4.619
0.400
4.547
6.666
3.572
5.527
2.760
0.535
4.755
7911
2931
5.631
2,577
4.290
1.862
0.930
2112
7.698
6.279
5.634
3.393
7.988
1.789
4.885
3.543
8.873
8.089
9.363
9.645
5.685
10.474
11.537

p-Value
0.894
0.000
0.000
0.428
0.948
0.000
0.002
0.011
0.000
0.000
0.000
0.207
0.000
0.109
0.062
0.663
0.199
0.002
0.000
0.000
0.000
0.000
0.038
0.048
0.000
0.051
0.000
0.689
0.000
0.000
0.000
0.000
0.006
0.592
0.000
0.000
0.003
0.000
0.010
0.000
0.063
0.352
0.035
0.000
0.000
0.000
0.001
0.000
0.074
0.000
0.000

-4,00

Hedges's g and 95% CI

0,00

4,00

8,00
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Ozet

Bu arastirmada, yapilandirmaci 6grenme yaklagsimi ve aktif 6grenmenin 6grencilerin
gevre egitimi Uzerine etkisini inceleyen 6237 dgrenciyi kapsayan 57 birincil deneysel
calismanin meta-analizi yapilmistir. Ayrica meta-analizinden elde edilen bulgular
kapsaminda, birincil arastirma sonuclarina etki ettii disinilen moderatér
degiskenlerin analizi yapilmistir. Arastirmanin moderatér degiskenleri ise sunlardir;
Yayin yili, yayin dili, yayin tura, tlke, 6grenim dizeyi, drneklem bulylkligu, 6lgme
aracinin sorulan bakimindan ve gelistiren bakimindan turl, deneysel uygulama suresi,
arastirma deseni, 6gretmen ve arastirmaci etkisi ile yapilandirmaci 6grenme yaklasimi
ve aktif 6grenme ydntemlerinin tlridir. Arastirmanin ¢alisma grubunu, 2000-2015
yillan arasinda yapilmis, cevre akademik basarisi ve cevreye yonelik tutumla ilgili,
arastirmanin dahil edilme ve hari¢ tutulma kriterlerine uygun 57 birincil deneysel
galisma ve bu cgalismalar kapsamindaki toplam 6237 6grenci olusturmustur. Bu 57
calismadan toplam 114 etki buyUkligl elde edilmistir. Arastirmada, geriye doénuk
bilimsel arastirma ydntemlerinden bir tanesi olan meta-analiz yontemi kullaniimistir.
Arastirmanin verileri meta-analiz yontemi araciligiyla incelenmigtir. Verilerin meta-
analizi, rastgele etkiler modeline dayal olarak gerceklestiriimistir. Etki buyUkligu
Hedges'in g etki buydkliga formiline gére hesaplanmistir. Moderatér degiskenlerin
analizinde ise Analog ANOVA istatistiksel analizi yapilmistir. Bu analizde ise rastgele
etkiler ve karma etkiler modelleri kullaniimistir. Meta-analizi sonucunda, yapilandirmaci
o6grenme yaklasimi ve aktif 6grenmenin geleneksel 6grenmeye kiyasla cevre egitimi
Uzerine genel etki bayukliguinin “pozitif ve genis (Hedges’ g=1,463)” diizeyde oldugu
belirlenmistir. Moderatdr analizi sonuglar incelendiginde ise yapilandirmaci 6grenme
yaklasimi ve aktif 6grenmeye dayali gevre egitiminin “dilke (Qg=6,254; SD=2; p=0,044,;
p<0,05)”, “érneklem bliyikligd (Qs=13,811; SD=3; p=0,003; p<0,05)", “égrenim diizeyi
(Qs=108,808; SD=5; p=0,000; p<0,05)", “yayin tdiri (Qs=107,870; SD=3; p=0,000;
p<0,05)", “élgme aracinin tdrd (Qe=18,545; SD=3; p=0,000; p<0,05)", “élcme aracini
gelistiren (Qg=191,461; SD=3; p=0,000; p<0,05)", “yayin dili (Qs=85,965; SD=1;
p=0,000, p<0,05)", “Odgretmen etkisi (Qs=85,990; SD=3; p=0,000; p<0,05)" ve
“arastirmaci etkisi (Qg=8,332; SD=3; p=0,065; p<0,05)” bakimindan manidar farklilik
g6sterdigi sonucuna ulagilmistir. Bunun aksine “yayin yilr (Qs=3,880; SD=3; p=0,275;
p>0,05)", “uygulama siresi (Qs=13,290; SD=7; p=0,065; p>0,05)", “arastirma deseni
(Qs=10,905; SD=6; p=0,091; p>0,05)" ve “deney grubunda kullanian ogretim
yonteminin tdrdne (p=0,298; p>0,05)" bakimindan ise manidar farklilk olmadig
sonucuna ulasiimisgtir. Arastirmadan elde edilen bulgular dogrultusunda cevre egitimi
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uygulamalarinda yapilandirmaci 6grenme ve aktif 6grenmenin siklikla kullaniimasi
Onerilebilir. Ayrica ¢evre egitimi uygulamalarinda uygulama yapilan grubun 6rneklem
blytkliga, o6grencilerin 6grenim seviyesi, uygulamada kullanilan 6lgme araclari,
uygulamayl yapan arastirmaci ve uygulama suresi gibi degiskenlere de dikkat
edilmelidir.

Anahtar Kelimeler: Cevre egitimi, cevre akademik basarisi, ¢evreye yonelik tutum,
yapilandirmaci 6grenme yaklasimi, aktif 6grenme, meta-analiz
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