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In an era when environmental issues are a major concern, it is important to understand the
variations in the effectiveness of ecological citizenship teaching materials in various
educational contexts to improve environmental learning outcomes scientifically. This
research aims to analyze the influence of ecological citizenship teaching materials to
increase environmental awareness comprehensively. The research method used was
quantitative meta-analysis. The eligible criteria of the articles included: (1) must have
relevant topics; (2) have empirical research results; (3) have a value of (1), (t), or (F); (4)
N > 20; (5) the articles utilize internationally recognized languages; (6) are indexed by
Scopus, Web of Science, SINTA and Copernicus; and (7) can be searched in the online
international journal search database. The software used in this research was JASP 0.8. The
research results showed that (1) the heterogeneity test showed significant heterogeneity;
(2) The intercept value obtained results reaching 0.814 with a strong influence category
after the summary effect size test was carried out; (3) the potential for bias was not visible
and there was no potential for other factors to influence the findings after the publication
bias test was carried out. This study concluded that ecological citizenship teaching

materials had a strong influence on increasing environmental concern attitudes.

1. INTRODUCTION

One of the biggest problems humans are currently facing is
the worldwide environmental crisis. Global warming has an
impact on increasing greenhouse gas emissions. This causes
drastic climate changes, such as increasing temperatures,
melting ice sheets, and rising sea levels [1, 2]. On the other
hand, illegal logging to forest burning result in a threat to the
variety of living things and habitats in the environment. The
dangers of pollution and water contamination are of concern
and are dangerous for the ecosystem and humans. These
problems cause natural resources to become increasingly
limited. Clean water and land are decreasing along with
population growth. Human activities are increasingly
restricted. Climate effects have an impact on increasing natural
disasters. Real efforts and actions are needed to ward off the
environmental crisis and ensure that the Earth continues to
function optimally permanently [3, 4].

Through these considerations, environmental education is
crucial to increasing awareness and knowledge about
environmental sustainability. Other efforts are also needed as
a form of environmental sustainability and improvement of the
global environmental crisis [5]. Environmental education is
defined as a learning process to make someone aware and
understand how to be responsive to the environment, as well
as providing a provision for maximizing skills for follow-up
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actions [6]. The educational process includes climate change,
conservation of natural resources, pollution restrictions, and
species or biological varieties [7]. Environmental education's
urgency includes forming a responsible generation that caring
and fair to the environment. Optimizing environmental
literacy is needed so that individuals can make wise decisions
about the environment [8, 9]. On the other hand,
environmental education facilitates active involvement as a
form of conservation and ecosystem improvement.
Environmental education also provides critical knowledge
about the correlation between humans and the environment,
along with the impact of human behavior on the earth [10, 11].
On the other hand, environmental education is believed to play
a crucial role in building sustainable community resilience and
preparing for global environmental challenges [12].
Environmental education is the basis for building
environmental awareness. Through environmental-based
learning, children can master the urgency of ecosystem
stability, act actively, and be responsible in preserving nature
[13, 14]. Caring for the environment is shown in the form of
attitudes and full awareness of the preservation and balance of
nature. The impact is that children can be responsible and wise
enough to outsmart, protect, and heal the environment [15, 16].
Every human being should actively contribute to the
mitigation of the negative impacts of human actions on global
climate change. The complex understanding between humans,
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nature, and the awareness of ecosystem sustainability must be
resolved to prosper all living things [17, 18]. Overall,
environmental awareness involves recognizing the
relationship between each element of the environment and its
impact on the balance of the ecosystem [19]. Furthermore,
environmental concern includes recognition of the roots of
environmental problems, such as life factors that influence
human actions towards nature [20, 21]. Environmental
concern is characterized by awareness of environmental
issues, playing a role in conservation activities, wise use of
resources, and a responsive attitude in prioritizing sustainable
environmental policies [22, 23].

An individual who cares about the environment is indicated
by doing these things: (1) always preserving the surrounding
environment, (2) not taking, cutting down, or uprooting plants,
(3) not scribbling or writing on trees, rocks, roads or walls, (4)
always avoiding littering, (5) not burning rubbish around
housing, (6) carrying out activities to clean the environment,
(7) hoarding used goods, and (8) cleaning up rubbish that clogs
waterways [24-27]. Additional actions that students can take
to protect the environment include re-greening, conserving
energy and water, and designing eco-friendly goods that
employ natural resources rather than harming the environment
[28-30].

UNESCO has long attempted sustainable development in
education, which includes environmental care as one of its
main pillars. Through programs such as Education for
Sustainable Development (ESD), UNESCO has supported
member countries to integrate learning about the environment,
sustainability, and global citizenship in each country's
education curriculum [31, 32]. Furthermore, the Indonesian
Government has also given its attention to the urgency of
environmental education. Through the Ministry of Education,
Culture, Research, and Technology, Indonesia has fully
supported the integration of environmental materials into the
formal education curriculum. The integration starts from the
elementary level to the higher level [1, 3, 4]. In addition, some
programs initiate environmental education. The Sustainable
School Movement and Adiwiyata School are Indonesian
government programs that support environmentally friendly
practices and restore environmental awareness in schools. In
line with that, several studies have found that environmental
education has been proven to increase individual awareness of
their current environment and continues to the impacts caused
[5-8]. Similar findings show that students who receive
environmental education have better insight into the
environment, dare to act, and are responsible for nature [10-
12].

The real fact is that the majority of students have a limited
understanding of environmental issues. They are also less
responsive and less understanding of the impact of their
different actions in preserving nature [14, 16]. Students have
not participated in environmental stewardship practices, such
as utilizing recycled goods, investing in planting trees, or
working on environmental projects at school [18, 19]. Schools
also still lack facilities and infrastructure that encourage
environmental care education, such as recycling facilities, and
trash cans, and a lack of initiating environmental education
programs [21, 24]. The above facts are supported by the results
of the global attitudes towards climate change survey
conducted by the Pew Research Center. In general, there are
only two countries that express high environmental concern,
namely above 75%, regarding extreme climate change [28]
The following are the results of the Global Attitudes towards
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Climate Change survey (refer to Figure 1).
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Urited Kingdom s

Ukraing am

Figure 1. Global attitudes towards climate change towards
caring about climate change

Environmental care education aims to form individuals who
are aware of their responsibilities towards the environment
[33]. Environmental care education can help prepare students
to become ecological citizens who are responsible and active
in promoting environmental sustainability [1, 2]. Teaching
materials that are integrated with environmental care
education enable students to develop the skills, knowledge,
and attitudes needed to participate in real action for
environmental preservation [3]. One of them is through
ecological citizenship teaching materials.

Ecological citizenship contains the strategic position of
citizens to solve environmental problems. Ecological
citizenship extends to the principles of national life. This is
manifested in cooperation, collaboration, and harmonious
activities [4, 5]. Furthermore, ecological citizenship also
means a concept of increasing the urgency of individual active
participation in introducing environmental sustainability and
maintaining ecosystem balance. Through ecological
citizenship, children are directed to be responsible for the
environmental impact of their actions [7, 8]. This concept
legitimizes that every individual plays a crucial role in
maintaining the environment for everyone. Ecological
citizenship also urges awareness of the global correlation
between environmental challenges and the need for cross-
border cooperation [10, 11]. Ecological citizenship is
characterized by the formation of community groups, awards
for their contributions to society, their role during
environmental programs, and sensitivity in solving
environmental problems [13-15].

Material on ecological citizenship is useful for making
students understand the urgency of active involvement in
maintaining environmental sustainability [16]. Students are
called to take ownership of their daily actions, as well as their
environment so that students act as delegates of improvement
[17, 18]. In addition, this material also monitors the
relationship  between environmental challenges and
cooperation in protecting the earth's ecosystem [20].

Integrating the concept of ecological citizenship into
teaching materials helps strengthen students' understanding of
the relationship between individuals and the environment,
raising awareness of their responsibility to protect the Earth's
sustainability [21, 22]. It also enables students to learn about
contributive and positive actions for addressing environmental
challenges [22, 23]. The integration of these concepts can
support students to be proactive and selective because they are
the delegates of change who must enliven sustainable practices



in the environment [24, 25]. Students can optimize their skills
as leaders, collaborators, and advocates needed to impact
environmental policy and sustainable education [28]. This
approach creates a dynamic learning environment, facilitates
deep learning experiences for students, and explores ideas
relevant to everyday life [30, 33].

Previous research has applied similar studies, although there
is no research available with comprehensive results [3, 4, 6-
10]. The novelty of this study focuses on the meta-analysis
method to collect and review similar findings on the influence
of ecological citizenship teaching materials on environmental
awareness. The results contain a detailed description of its
influence. In addition, this study also contributes significantly
to mastering the dynamics between teaching materials and
ecological citizenship, as well as its influence.

Based on the description above, this study is very crucial to
be continued with urgent considerations on understanding the
effectiveness of environmental education in forming
environmental awareness attitudes. This meta-analysis
describes variations in previous research findings that identify
patterns and factors that impact the advantages and
disadvantages of utilizing ecological citizenship teaching
materials. Therefore, this research aims to investigate the
effectiveness of ecological citizenship teaching materials in
increasing awareness, knowledge, attitudes, and pro-
environmental behavior in the field of education thoroughly
and systematically, as well as to draw strong conclusions
based on findings from various existing studies in the field of
education. this field.

2. METHOD
2.1 Research design

The quantitative meta-analysis method was adopted in this
study. Quantitative meta-analysis is defined as a research
method that combines and analyses various research findings
on a particular study [34]. During the research process,
identification, collection, and selection of relevant studies
were carried out according to inclusion and exclusion criteria
to maintain quality [35]. Sample size and primary outcomes
were the data that were statistically analyzed to calculate the
combined effect size [36]. The findings of this study conclude
comprehensive data. Reliable data on the influence of
independent variables on dependent variables to the
identification of trends implied in individual studies [37]. The
quantitative meta-analysis method was chosen because this

method combines various research findings to state complete
and valid conclusions so that new knowledge is obtained about
the effectiveness of Ecological Citizenship teaching materials.

Publish or Perish (PoP) software is used to collect multiple
articles from online databases. Several keywords were used.
For example, "Ecological Citizenship", "Sustainable
Citizenship”, "Environmental Responsibility" and "Green
Citizenship" to represent the variable of Ecological
Citizenship. On the contrary, other keywords were also used.
For example, "Environmental Awareness", "Environmental
Concern", "Environmental Concern", "Environmental
Awareness", "Environmental Responsibility”, "Ecological
Awareness", and "Ecological Awareness". Several articles
collected through keyword searches were reviewed to obtain
complete data on the influence of teaching materials on
environmental awareness.

Scopus, PubMed, Web of Science, SINTA, ERIC
(Education Resources Information Center), Google Scholar
and Copernicus became the databases for collecting relevant
articles because they are all interrelated and contain complete
and comprehensive article content from various disciplines.
Finally, additional article search platforms such as the
Cochrane Library or JSTOR, Wiley Online Library, Taylor &
Francis Online, IEEE Xplore, Emerald Insight, IGI Global,
etc. As Scopus is one of the largest and most respected
academic journal databases that offers many advantages for
researchers in compiling literature reviews. In addition,
articles indexed in Scopus have passed a strict selection
process. This ensures that the articles used come from trusted
and quality sources. In line with that, the process of selecting
articles published in the Web of Science, SINTA, and
Copernicus databases also meets a strict peer review process.
These data sources calculate the impact factor in assessing
journal quality. In the data search process, this study
determined the range of years used from 2014 to 2023. The
last 10 years were chosen because these references were
considered up-to-date. In addition, the neglect of older
literature is due to the culture of fast science and the
measurement of researcher achievement through the number
of publications and citation metrics.

2.2 Eligibility criteria

Eligibility criteria for articles reviewed in meta-analysis
research are very important because they ensure that the
selected articles meet certain standards that are relevant to the
research objectives. Eligibility criteria help ensure that the
selected articles are relevant to the research topic [38].

Table 1. Criteria for selecting research publications

Publication Selection Criteria

Reasons

They must discuss relevant topics
They have a value of (r), (t) or (F); (4)
N=>20

They have empirical research results

Use internationally recognized
languages;
Indexed by Scopus, Web of Science,
SINTA up to at least the Copernicus
Index

Articles with a relevant focus make it easier for researchers to process data
The recommended sample size in research is N more than 20 because this number of samples
will be used to estimate population conditions and measure the average effect size [39]
Empirical research has the certainty of research results conducted through a series of field
data-based studies so that the information obtained contains comprehensive results

The use of international languages has been recognized by all countries

The database is guaranteed to have strong credibility, has a superior reputation, is
internationally recognized, and has articles selected through a strict selection and evaluation

process

They can be searched in the online
international journal search database

The online international journal database is guaranteed to have a complex writing style, a
very strict review process, and high competition from authors in various countries

This is because articles that do not meet the eligibility
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criteria have the potential to produce inaccurate or biased



conclusions. The criteria for selecting the research
publications reviewed are shown in Table 1.

In coding this research data, a detailed description of the
publication attributes used was carried out, including year of
publication, sample size (N), correlation value (rxy), t value, F
value, and important notes, including information related to
accreditation or journal reputation. The conversion formula for

values according to data coding in this study is as follows:

F=t? (1)
t=+VF ()
t

T EriN=2) ®)

Table 2. Comparison of 33 studies based on N, r, t, and F

value
Ref. No. N r t F Index
[23] 4211 14.130 Q1 Scopus
[21] 180 3.561 Q1 Scopus
[22] 335 0.420 Q1 Scopus
[19] 66 6.417 Q2 Scopus
[20] 20 36.860 Q2 Scopus
[18] 143 3.840 Q2 Scopus
[15] 400 0.870 Q3 Scopus
[16] 60  0.617 Q3 Scopus
Scopus indexed
[25] 32 18.979 proceeding
Scopus indexed
[29] 423 0,504 proceeding
[27] Scopus indexed
78 7.910 proceeding
WosS indexed
[26] 160 3.573 proceeding
WoS indexed
[24] 72 0.720 proceeding
[28] 57 21.804 Non-Q Scopus
[30] 470  0.990 Non-Q Scopus
[2] 200 83.500 WoS ESCI
[17] 54 4.420 SINTA 2
[12] 60 2.215 SINTA 2
[11] 100 0.720 SINTA 2
[13] 419 12.131 SINTA 2
[14] 60 4.399 SINTA 2
[8] 63 4752  22.577 SINTA 2
[10] 52 0.847 SINTA 2
[9] 60  0.703 SINTA 3
[6] 60 7.032 SINTA 3
[7] 70 0.430 SINTA 3
[5] 40  0.956 SINTA 3
[3] 150 28.848 SINTA 3
[4] 80 0.746 9.894 97,890 SINTA 4
[1] 42 0,867 11.024 SINTA 5
Copernicus
[32] 362 0.844 Index
[31] Copernicus
250 0344 5.761 Index
33 Copernicus
[33] 1250 0.419 16.307 Index

This aims to provide a clear picture of the characteristics of
each publication analyzed, ensure that the data used is of high
quality, and facilitate accurate and comprehensive
interpretation of the results of the meta-analysis carried out
[40]. Table 2 shows the data coding results for 33 studies in
this meta-analysis article.

94

2.3 Data analysis technique

The data analysis process in meta-analysis has a sequential
flow, starting with searching and collecting relevant articles,
labeling data, converting effect sizes, testing for heterogeneity,
calculating summary effect sizes, testing for publication bias,
and interpreting data. The JASP 0.8 4.0 tool was used in this
study. Random effects models were applied to calculate
statistical methods of data. Cohen's Effect Size Criteria was
adopted to assess the combined effect size derived from
research findings [41]. With Cohen's effect size, researchers
can easily predict the significance of analysis findings and
draw detailed conclusions about the topic being explored
(refer to Table 3).

Table 3. Cohen's effect size criteria [42]

Value Criteria
<0+/-1 Weak effect
<0+/-3 Modest effect
<0+/-5 Moderate effect
<0+/-.8 Strong effect
>0+/-8 Very strong effect

2.4 Research procedure

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were adopted in this
study with the intention that the findings obtained could be
arranged systematically and the results presented according to
the correct and complete stages. The overall goal of the
PRISMA statement is to increase the transparency and
scientific merit of reported systematic reviews or meta-
analyses. The stages passed were as follows. First,
identification by collecting relevant research articles through
the Harzing's Publish or Perish (PoP) software application.
The databases used are Scopus, Web of Science, SINTA, and
Copernicus. Second, the article screening stage includes the
selection of research articles that have been collected by
involving the use of a quality article checklist to exclude
articles that do not match the research topic. This selection
process is carried out in stages by considering the inclusion
criteria. Third is the stage of examining articles that have been
collected in full. Fourth, checking duplicate articles and the
use of the specified language. Fifth, the assessment of the
feasibility of the research articles was assessed using the
research article quality checklist items. Sixth, a critical review
of articles to analyze research objectives. Figure 2 is a
PRISMA flowchart that provides a visual overview of the
stages of a meta-analysis study.

3. RESULT AND DISCUSSION
3.1 Description of research data

33 articles have been collected and distributed. The results
of the collection were reviewed in depth. The study showed
that junior high school students were the most dominant with
a total of 3,243 students or 37% of all articles, while teachers
were the minority as a sample of this study with a result of 5%
or 416 teachers. The second group with an acquisition of 31%
was filled by elementary school students with a total of 2,785
students. Meanwhile, high schools got a percentage of 14 with



a total of 1,275 students. The contribution of the number of
students was only 13% with a total of 1,110 students. This data
shows that research on ecological citizenship teaching

materials was mostly focused on middle and elementary-level
students. The detailed information on the research sample is
depicted in Figure 3.

S
-E Records identified through Additional records identified
2 database searching through other sources
= in=302) in=267)
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Y Y
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E ¥
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E_ ¥
E Full-text articles assessed Full-text articles excluded,
.%ﬂ for eligibility * with reasons
(n=81) (n=458)
pr—
¥
ks Studies included in
3 guantitative synthesis
g {meta-analysis)
{n=233)
Figure 2. PRISMA flowchart
Teachers Elementary at any level of education has an important role to protect the
University 5% school environment. Teachers are also representative research
students s}u dents samples to describe the role models of teachers in optimizing
13% 31% environmental concern.
The description of this study has limitations in that the
Senior sample is not comprehensive at each level of education, for
high example, there is no research with samples of preschool
school students, madrasahs, and student sample specifications. A
students more specific sample would be better for obtaining more
14% Junior general data. Thus, future researchers can focus research on a
high wider sample of madrasahs, early childhood, and students (for
school example, students from various study programs).
students Furthermore, based on the 33 articles analyzed in the
37% research, the distribution of research methods used is depicted

Figure 3. Description of article data based on research
samples

Figure 3 shows the distribution of articles based on
education level, which is dominated by junior high school
students. The level of education is something that needs to be
discussed in a study because an attitude of environmental
concern needs to be possessed by every student. Every student
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in a diagram. The majority of articles used the Quantitative
Quasi-Experimental method, namely 15 articles with a
percentage of 46%, showing a strong preference for this
method in research on ecological citizenship teaching
materials. Quantitative Survey Methods were used in 7 articles
or 21% of the total articles, while Research and Development
(RnD) covered 6 articles, or 18% of the total articles studied.
Comparative Quantitative and Correlational Quantitative
Methods were each used in 6% or 2 articles, and the Mixed



Methods method was only used in 1 article or 3% of the total
research articles reviewed. The complete distribution of the
research methods from the analyzed articles is presented in
Figure 4.

~ Quantitative
mparative
80, Correlational
quantitative
6%

Rand D

Mixed ¢
Methods /%
3% m

Figure 4. Description of article data based on research
methods

Figure 4 shows the type of quantitative research with the
experimental type being the majority, while mixed research is
the minority in this study. It is not surprising that quantitative
research is the most dominant because the potential of
researchers is almost rare in this type of research. In addition,
the results obtained also present general and broad findings
that describe the population. Quantitative research represents
clear and objective conclusions to determine further decisions
and follow-up related to education policy.

On the other hand, mixed research is the least used research
method. This method tends to require more time and resources,
especially in data collection and analysis. Researchers who
focus on mixed methods research must be proficient in both
methods during the data analysis process. In line with that,
development research also takes a long time. The process of
completing this method requires skill and precision to produce
quality products. The products developed must also be
scientifically tested to solve problems. The complexity of
mixed and development research is the reason for the lack of
research.

The large number of quantitative studies in this study
reduces the number of studies of other types. Further
researchers can select more strictly to choose development
research methods and mixed methods in balance with
quantitative methods. The balance of various research
methods will produce findings that can be generalized.

Based on the analysis of 33 articles reviewed, the diagram
shows the distribution of countries of origin for research on
ecological citizenship teaching materials. The majority of
articles originated from Indonesia, accounting for 73% of the
total articles, indicating a significant focus on research in this
country. The others are spread evenly with 3% each coming
from the following countries: United States, China, Turkey,
Spain, Slovenia, Philippines, Pakistan, Nigeria, and Malaysia.
The complete distribution of the research countries of origin
for the analyzed articles can be seen in Figure 5.
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Figure 5. Description of article data based on research
setting country

The geographical area of the study is depicted in Figure 3.
Indonesia is the most dominant country, while other countries
are still limited. Research on ecological citizenship teaching
materials is often a topic of discussion by researchers in
Indonesia. This is because Indonesia is a country that is
geographically large and formed from an even natural
landscape. The environment is an inseparable part of students
and society in general. In addition, the education government
also recommends that teachers apply a contextual approach to
learning. One of them is by utilizing the surrounding
environment. This is the basis for researchers in Indonesia to
use similar topics.

In general, this research is dominated by Indonesia.
Research that is only dominated by one country tends to
produce flat findings or there is no strong comparison from
other countries. Thus, further researchers are recommended to
select literature from other countries that generalize the
conditions of developing and developed countries. The
variation of countries in the literature review will be a
comparison of findings with more comprehensive discussion
results.

s Tl QI scopus
- ,,,,3,%,,,,,,,,,,/, sco
/ Q2 scopus
[~ 9
SINTA 3
15; o
0 / 6%
// 3%

_ Non-Q scopus
- 6%

Proceeding indexed
scopus
Copernicus index _/ 9%,

9%

WoS proceeding
6%

Figure 6. Description of article data based on indexing



The description of research data based on indexing in Figure
6 shows that the largest percentage of articles studied were
indexed by SINTA 2 with a percentage of 22% and SINTA 3
with a percentage of 15%. They were evenly distributed with
a percentage of 9% each, namely articles indexed by Scopus
QI, Scopus Q2, Scopus Proceedings, and Copernicus. The
distribution of research data was 6%, namely articles indexed
by Scopus Q3, No-Q Scopus, and WoS Proceedings. The
others were spread evenly with a percentage of 3% each,
namely articles indexed by WoS ESCI, SINTA 4, and SINTA
5.

Factors such as diversity of research samples, research
methods, research setting countries, and indexing of study
articles identified in a meta-analysis can help increase the
statistical power of each representative study [36]. This
diversity can also help in identifying significant sources of
variation and inform future research. Furthermore, diversity in
meta-analysis studies can also make the research findings
more widely generalizable [35].

3.2 Heterogeneity test

In meta-analysis research, heterogeneity refers to variations
in results caused not only by random error but also by real
differences between the studies analyzed. Table 4 shows that
the results from testing the fixed and random effects models in
a study were estimated using the Restricted Maximum
Likelihood, or Restricted ML, method. The omnibus test
results show a y2 value of 73.009 with 1 degree of freedom and
p < .001, indicating that the overall model coefficient was
statistically significant. The residual heterogeneity test
showed a y? value of 3284.625 with 32 degrees of freedom and
p < .001, indicating the presence of significant heterogeneity
in the residual data, indicating variability that was not
explained by the model. The heterogeneity test table can be
seen in Table 4 and Table 5.

Table 4. Fixed and random effects

Model Test Q df p
Omnibus Test of Model Coefficients 73.009 1 <.001
Test of Residual Heterogeneity 3284.625 32 <.001

Note: p -values were approximate
The model was estimated using the Restricted ML method

Table 5. Residual heterogeneity estimates

Variable Estimate
T2 0.287
T 0.535
12 (%) 98.631
H? 73.026

Table 5 presents the estimates of residual heterogeneity in
the meta-analysis model. A 12 (tau-squared) value of 0.287
indicated variance between studies that were not explained by
random effects. The 1 (tau) value of 0.535 was the square root
of 12, indicating the degree of variation between studies. The
I? index of 98.631% indicated that almost all of the observed
variation (98.631%) was due to actual heterogeneity rather
than random error. Finally, an H? value of 73.026 indicated the
level of total heterogeneity in the model, where a value greater
than 1 indicated the presence of significant heterogeneity.
Thus, it can be concluded that there was a very high degree of
heterogeneity in the studies analyzed, with almost all of the
observed variation due to real differences between studies
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rather than random error. In meta-analysis research, the
random effects model is used when the results of the studies
analyzed show significant heterogeneity.

Heterogeneity in meta-analyses reflects variation among the
studies analyzed. This variation can be caused by differences
in research designs such as experiments, quasi-experiments, or
surveys, which have different levels of variable control.
Varying sample characteristics, such as education level, also
influence study results. Different measurement methods are
used to evaluate educational outcomes, creating variations in
reported outcomes [42, 43]. Additionally, variations in
reported effect sizes suggest that educational interventions
have nonuniform impacts across contexts or populations [44].

3.3 Summary effect size test

This study analyzed the summary effect size using the Wald
test method, which was explained in Table 6. The results show
that the intercept had an estimate of 0.814 with a standard error
of 0.095. A z value of 8.545 indicated that the intercept was
statistically significant (p <.001). The data above shows that
there was a significant effect in the study tested, with an
intercept value of 0.814 which can be categorized as a strong
effect. The summary of the effect size test can be seen in Table
6.

Table 6. Summary effect size test

Estimate
0.814

Standard Error z p
0.095 8.545 <.001

intercept

Note. Wald test.

Effect size tests are used to estimate the magnitude of the
intervention effect from the collected research findings. Effect
size informs about the significance of the effect which is
important for estimating the results in general [41]. The
findings of various studies are collected and the effect sizes are
measured according to Cohen's criteria. The use of effect sizes
allows comparisons between studies despite differences in
methods and sample sizes [45]. Effect size also establishes the
consistency of research findings and marks moderating factors
that impact the results. Thus, the effect size clearly describes
the impact of the variables studied as a whole [37, 46].

Next, the summary effect size test was conducted through
the Wald test measurement. The results are presented in the
form of a forest plot visualization to show the distribution of
research results. A forest plot is defined as a visualization
method in meta-analysis that illustrates the findings of several
studies with similar effects. Figure 7 visualizes the random
effects model (RE Model) of 0.81 as the midpoint with a 95%
confidence interval. The results are shown by the vertical line
connecting the lower limit interval of 0.63 and the upper limit
interval of 1.00. The actual effect is between 0.63 and 1.00.
The complete results are presented in Figure 7.

3.4 Publication bias test

3.4.1 Funnel plots

The suspected publication bias was measured in this study
through the illustration of a funnel diagram. This technique
was applied to confirm the asymmetry of the distribution of
study results. The funnel diagram is defined as a graphical tool
in meta-analysis studies to read the potential publication bias
[47]. Through the distribution pattern of points on the funnel
diagram, conclusions are drawn. The results show significant



asymmetry. This means that there is a potential for publication
bias or other factors that influence the research results [48].
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Table 7. Rank correlation test for funnel plot asymmetry

Kendall's t
0.262

p
0.033

Rank test

Table 7 shows that Kendall's t value is 0.262, which is
greater than the significance value of p 0.033. This
significance value is sufficient to show a difference from the
usual (p 0.05). This means that the null hypothesis is rejected
or there is no publication bias. The resulting T value shows a
relationship between effect size and precision in the funnel
diagram, but it is not very strong. In addition, the results of this
correlation test do not fully support the existence of
publication bias, even though asymmetry is indicated in the
funnel diagram. Therefore, it can be concluded that the
existence of publication bias in this meta-analysis is not
strongly proven.

3.4.2 Egger test
Although the rank correlation test can provide an initial



indication of the asymmetry presence in a funnel plot, the
Egger test is also often used in meta-analyses to more
quantitatively evaluate the presence of publication bias. The
Egger test allows researchers to specifically test whether the
presence of asymmetry in the distribution of points on the
funnel plot is related to the sample size of the studies. The
Regression test results for funnel plot asymmetry or Egger test
are shown in Table 8.

Table 8. Regression test for funnel plot asymmetry ("Egger's

test")
z p
sei 1.543 0.123

Table 8 shows that in Egger's test for funnel plot
asymmetry, the z-value was 1.543 with a p-value of 0.123.
These results show no significant evidence for asymmetry in
the distribution of points on the funnel plot, indicating that
there was no measurable tendency for publication bias in the
analysis. The Egger test was used in the meta-analysis to detect
publication bias, which was the tendency to only publish
studies with significant or positive results. The main function
of the Egger test is to provide a formal statistical test of funnel
plot asymmetry, which is an indication of potential publication
bias [49].

3.4.3 Fail-Safe N

Although Egger's test indicates the presence of asymmetry
in the funnel plot, the Fail-Safe N test can provide additional
insight into the stability of meta-analysis results against
potential publication bias. The Fail-Safe N test calculates the
number of null studies required to convert a significant result
to a non-significant one. Thus, this test can provide
information about how strong or weak the existing evidence is
for the relationships observed in a meta-analysis, as well as
how susceptible the results are to potential publication bias or
other factors that influence study results. The Fail-Safe N test
results can be seen in Table 9.

Table 9. File drawer analysis

Fail-safe Target Observed
N Significance Significance
Rosenthal  38313.000 0.050 <.001

Table 9 shows that in the file drawer analysis based on the
Rosenthal method, the number of null studies required (Fail-
safe N) to change the results to insignificant was 38313,000.
Although the target significance was 0.050, the observed
significance value was much lower (< .001), indicating that
there was strong evidence for the significance of the effects
observed in the meta-analysis. The fail-safe function of N in
meta-analysis research is to assess how robust the meta-
analysis results are to potential publication bias [50]. Fail-safe
N indicated the number of “zero” studies or studies that did
not show a significant effect necessary to eliminate or reduce
the effect found in a meta-analysis to non-significance [51].

Based on the results of the publication bias test through
Funnel Plot analysis, Egger Test, and Fail-safe N test, it is
indicated that this meta-analysis study has obtained
accountable results. Publication bias is an important thing in
the meta-analysis research analysis process. Bias is influenced
by the results obtained. Previous researchers tend to follow the
research flow with results that have no significant effect.
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Ecological citizenship-based teaching materials emphasize
learning resources that lead to optimizing student awareness
of the environment. Ecological citizenship is suitable for
educating students about environmental conservation.
Ecological citizenship-based teaching materials are an
innovation in learning resources to strengthen environmental
awareness [7]. In the application of this Ecological citizenship,
there are four focuses, namely knowledge, skills, attitudes, and
participation in the environment [52]. Ecological citizenship-
based teaching materials contain materials, methods,
limitations, and how to evaluate learning related to procedures,
ethics, and morals of citizens towards the environment. For
example, being responsible and wise, being fair, having a
complete understanding and awareness of the environment,
having sustainability in managing the environment, and
participating in environmental protection efforts.

The influence of ecological citizenship teaching materials
on attitudes of caring for the environment has great potential
because the teaching materials contain behavioral content or
awareness of the environment [24]. This content can shape
students' behavior and attitudes to pay attention to the
environment around them. Optimizing these teaching
materials in learning can provide new knowledge for students
and provide a clear picture of environmental conservation
efforts [25]. Everyone in society (community leaders),
families (parents), and schools (teachers) need to show their
concern for the environment so that the examples shown can
be models for students to imitate this behavior. Thus, through
ecological citizenship teaching materials, students will have
the opportunity to have a sharper awareness of their
environment [10, 12].

Important implications are obtained from these findings,
especially for environmental education/Adiwiyata organizers
because it has been proven to have a significant effect on the
existence of Ecological Citizenship teaching materials on the
level of environmental awareness. This study is a reference for
teachers to combine traditional learning resources with
modern sources such as ecological citizenship-based teaching
materials in learning. No less important, policy makers need
to re-discuss to include an affirmation of the importance of
ecological citizenship-based teaching materials in learning as
a learning resource in the curriculum used. This is a priority
for policy makers and educators by considering the availability
of relevant evidence that is useful for facing environmental
challenges effectively. Other contributions are in the form of
educational practices and policies regarding the processes
obtained after using ecological citizenship-based teaching
materials that influence students' environmental awareness
attitudes.

Several limitations were found, such as the possibility that
there are still relevant studies that have not been reviewed in
this study. This is due to limitations in the database used and
the selection of inclusion criteria that have been set. If future
researchers will conduct similar research, they are
recommended to update relevant empirical data with a larger
amount. In addition, there are also limitations in interpretation
even though this study has visualized the results on the
effectiveness of ecological citizenship-based teaching
materials. However, the verified conclusions still consider the
quality and characteristics of the study, as well as the
interpretation of the researcher's point of view. Further
researchers are recommended to examine the results from
various perspectives of factors that influence the research
findings. In addition, further researchers can qualitatively



examine the analysis of factors that influence the effectiveness
of ecological citizenship-based teaching materials or conduct
longitudinal studies to assess the long-term impact of the
availability of ecological citizenship-based teaching materials
on students' environmental awareness and behavior.

Additionally, there are limitations to certain language
exclusions. Language limitations in literature searches can
lead to the exclusion of relevant studies published in certain
languages (only search for articles in English), which can
affect the global representation of meta-analysis results
because there may be articles on the same topic but not written
in English. Thus, future researchers are advised to use
screening and evaluation applications for the eligibility of
collected articles, such as the Review Manager (RevMan)
software.

4. CONCLUSIONS

Based on the results and discussion of the study, it can be
concluded that there is a strong influence of civic ecology
teaching materials to increase environmental awareness. This
influence is indicated by the results of significant
heterogeneity tests, summary effect size tests with strong
effect results, and the absence of potential publication bias or
other factors that influence the results of the study.

Based on the research findings, teachers, lecturers, and
educational practitioners are recommended to carry out action
research at the classroom level to evaluate the implementation
of Ecological Citizenship teaching materials in everyday
learning. Besides, policymakers are encouraged to ensure that
Ecological Citizenship is well and effectively integrated into
formal education and to support the development and research
of teaching materials that focus on strengthening
environmental awareness and responsibility at all levels of
education. Future researchers can continue this research by
deepening the analysis of the moderating factors that influence
the effectiveness of Ecological Citizenship teaching materials,
as well as conducting longitudinal studies to evaluate their
long-term impact on students' environmental awareness and
behavior. In addition, future researchers are recommended to
test the heterogeneity of study results. If heterogeneity is high,
future researchers can explore other sources that are more
varied.
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