International Journal of Education & Literacy Studies
ISSN: 2202-9478
www.ijels.aiac.org.au

AL

Flourishing Creativity & Literacy

IJELS

Educating for the Future

The Effect of Inquiry-Based Learning on Academic Success: A Meta-Analysis Study

Turan Kacar'*, Ragip Terzi?, irfan Arikan?, Abdullah Cevdet Kirikgi®

!Ferdi Yigit High School, Baglar/Diyarbakir, Turkey
’Harran University Faculty of Education, Sanliurfa, Turkey

Corresponding author: Turan Kacar, E-mail: kacarturan21@gmail.com

ARTICLE INFO ABSTRACT

Article history

Received: January 27, 2021
Accepted: April 15, 2021
Published: April 30, 2021
Volume: 9

Inquiry Based Learning (IBL) is a student-centered strategy within the constructivist learning
approach. This strategy is an important approach that makes students active inside and outside
the classroom, and enables students to work in groups, conduct research, present their research,
and increase their academic success. When the literature is reviewed, there are many studies
that show that IBL increases the academic success of students. The aim of this study is to make
the meta-analysis of articles and theses carried out in Turkey between the dates of 01.01.2000
and 01.03.2020 that investigate the impact of IBL on the academic achievement. In this study,
meta-analysis method was used to determine the effects of IBL on students’ academic
achievement based on grade levels and publication types. The studies evaluated within the
scope of this study were created by using the databases of Google Scholar and the National
Thesis Center of the Council of Higher Education. To this end, 30 studies were selected in
accordance with year, method, data, and publication type criteria. In this study, the thesis and
article evaluation form developed by the researchers was used as the main means of data
collection. Comprehensive Meta-Analysis (CMA) program was used to analyze the data.
According to the results of this study, it is concluded that IBL significantly increases the
academic achievement and the effect sizes are meaningful when grade levels are compared.
That is, IBL at high school level is more effective than other educational levels, and when the
effect sizes are examined, there are no significant differences based on the types of publication
(i.e., articles and theses).
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INTRODUCTION

The word ‘inquiry’ is defined as the task of questioning in the
Current Turkish Dictionary of Turkish Language Association
(TDK, 2020) and questioning is the act of inquiring those
who might be related to a criminal problem. Inquiry, ac-
cording to Kartal (2014), is a versatile activity that includes
examining books and various sources of information to ask
questions and make observations and pre-evaluations. Giines
(2014) defines inquiry as a means of creating changes in the
mental structure and mental skills of individuals and en-
abling students to develop their thinking and decision-mak-
ing skills, understanding and using information, and not just
directly transferring information. Based on these definitions,
it can be stated that the competency of inquiry is an import-
ant skill that students at all educational levels should acquire.
In line with these explanations, it is important to define and

2008; Celik, 2012; Celik & Cavas, 2012; Duban, 2008;
Ebren Ozan, 2018; ilter, 2013; inal, 2013; Kagar, 2020; Kaya
& Yilmaz, 2016; Kegeci & Yildirim, 2017; Parim, 2009;
Tatar, 2006). The purpose of this study is to implement the
meta-analysis of dissertations and articles, which investi-
gated the effect of the IBL on the academic achievement of
students in Turkey between 01.01.2000 and 01.03.2020. In
this direction, one of the sub-objectives of this study is to
determine whether the effect size of IBL on the academic
achievement has a significant effect based on different ed-
ucational levels and the types of publication (articles-dis-
sertations). With this study, it is thought that evaluating the
studies conducted on the effect of IBL on academic achieve-
ment with a holistic perspective will constitute an important
resource for the stakeholders of education. With this study,
it is also important to find out the significant effect sizes of

understand the Inquiry Based Learning (IBL) strategy.
When the literature is reviewed for the purpose of this
study, many studies have emerged on the effects of IBL on
academic achievement carried out in Turkey (Abdi, 2014;
Akpullukgu, 2011; Altunsoy, 2008; Bailey, 2018; Bilir &
Ozkan, 2018; Cakar, 2013; Cakar et al., 2014; Caliskan,

Published by Australian International Academic Centre PTY.LTD.

IBL on the academic achievement of students. Furthermore,
finding only one meta-analysis study about the effect of IBL
on academic achievement in the literature study shows the
need for this study.

According to Kurudayioglu and Tiizel (2010), the con-
cept of literacy has been conceptualized as a skill required
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by the age since the expectations and values of society show
a different feature in every age and social acceptance and
meanings can change according to the characteristics of the
age. In this sense, it is possible to define information literacy
as an effort to transform written or visual/electronic infor-
mation into the structured information by selecting and clas-
sifying (Kurudayioglu & Tiizel, 2010). According to Aytas
and Kaplan (2017), “Starting from the recent past, the con-
cept of literacy necessitates a more detailed and target-ori-
ented study about the field to be literate” (p. 293). In line
with these explanations, it can be stated that the application
of IBL in learning environments will increase the academic
achievement of students and improve their knowledge, inter-
net, electronic, critical, and scientific literacy.

LITERATURE REVIEW

In this sense, according to Giines (2014), IBL is one of the
strategies within the constructivist learning approach. It pro-
vides an environment that students can determine and ask
valid and testable questions; determine hypotheses and al-
ternatives; gather information; and apply, evaluate, analyze,
and interpret scientific methods and techniques (Kartal,

2014). Hirga (2014) considers IBL to be one of the most

effective ways in which students can take an active role in

the classroom, become aware of the problems around them,
produce different solutions to these problems, and continue
the learning process more efficiently. Moreover, Caliskan

(2017) defines IBL as an approach where the teacher pres-

ents a complex situation to the students so that they can try

to solve these problems by collecting information and testing

the results. S6zen (2010), on the other hand, defines IBL as a

method where the learner is at the center and makes it possi-

ble to solve problems with significant questions and critical
thinking.

Studies show that IBL increases the academic achieve-
ment of students not only in science classes but also in areas
such as arts, foreign languages, social studies, and mathe-
matics ({lter, 2013). In this context, according to Cairns and
Areepattamannil (2019), there are generally five basic fea-
tures of IBL, regardless of a grade level:

1- Asking scientifically oriented questions to keep students
busy.

2- Providing evidence that enables students to develop and
evaluate their explanations on scientifically oriented
questions.

3- Providing explanations that students develop from evi-
dence to address scientifically oriented questions.

4- Evaluating the expressions that reflect the scientific un-
derstanding that may contain alternative explanations.

5- Communicating the proposed explanations and
justifications.

According to Karamustafaoglu and Havuz (2016), IBL
aims to find solutions to the problems faced by individu-
als and to develop mental skills by directing individuals
to meaningful learning. Ernst et al. (2017) define IBL as a
form of active learning that occurs in many shapes and siz-
es. According to Lee and Songer (2003), IBL is a teaching
approach that enables students to understand the process of

producing scientific knowledge while they learn and witness
the process. IBL enables students to understand the act of
learning by making students active in the courses. Students
use scientific process skills by researching problems as a
group. Students also engage in collaborative activities in this
strategy. In this way, learning becomes fun and enjoyable.
IBL also requires students to use technology to carry out
general network (Internet) research and present them. Based
on these explanations, students can learn to do research and
investigation by using technology more actively. In the liter-
ature, there are studies showing that IBL increases the aca-
demic success of students, the permanence of learning, and
improves many skills.

METHOD

When the literature is reviewed, there are several studies
carried out in Turkey (Bailey, 2018; Bilir & Ozkan, 2018;
Kagar, 2020; Kegeci & Yildirim, 2017) that investigated the
effect of IBL on academic achievement. However, calculat-
ing a general effect size by combining results from various
studies can enable us to see the effect of IBL on academ-
ic achievement more broadly. The meta-analysis method
was used in this study which investigates the experimental
studies implemented for the impact of IBL on the academic
achievement and calculates the general size of efficiency and
possible differences due to sub-groups. Meta-analysis refers
to a set of statistical procedures used to quantitatively collect
the results of multiple studies to arrive at a general conclu-
sion (Sen & Yildirim, 2020). By means of meta-analysis,
the results of multiple studies are combined with numeri-
cal methods and thus an overall judgment can be obtained.
At the same time, the meta-analysis approach provides re-
searchers with summative and comprehensive information
about multiple studies (Gliner et al., 2015).

Inclusion and Exclusion Criteria

We have reviewed articles and dissertations about IBL car-
ried out in Turkey for this study. While the articles were
searched from the Google Scholar database, dissertations
were reviewed in The Council of Higher Education National
Dissertation Center database. The studies to be included in
this present study were selected according to the criteria de-
termined by the researchers based on the literature review
regarding the subject. The criteria for the studies to be in-
cluded in the study were:
I- The study should be conducted in Turkey between the
dates 01.01.2000 and 01.03.2020.
2-  The study should be a quasi-experimental study with
pre-test and post-test groups.
3-  The study should contain the statistics needed to calcu-
late the effect size.
4- The study should consist of articles and dissertations.
5- If astudy is published as both a dissertation and an arti-
cle, the dissertation is included in the work.
As a result of the literature review implemented accord-
ing to the criteria above, 35 studies were obtained. Three
studies were excluded from the study due to the lack of data,
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and two studies because of extreme values that would dis-
rupt publication bias. Finally, 30 studies were included in
the analysis. The diagram showing the inclusion processes of
these studies in the research is shown in Figure 1.

Descriptive statistics about the studies included in me-
ta-analysis were presented in Table 1. Five of these stud-
ies were conducted at the higher education level, five at
the high school level and 20 at the secondary school lev-
el. Furthermore, 23 of these studies consist of dissertations,
while 7 of them are articles.

The Analysis of Data

First of all, a data entry table was created by the researchers
so that the works to be included in the study could be coded
correctly. In this table, the headings containing the informa-
tion needed to calculate the effect size such as the year the
research was published, sample, sample sizes, mean, and
standard deviation were included. In this study, research data
were coded by two researchers to obtain more valid and re-
liable results. As a result of the coding, it has been revealed
that there is a complete agreement between the coders. After
the coding phase was completed, the data obtained were an-
alyzed with the Comprehensive Meta-Analysis (CMA v.2;
Borenstein, Hedges, Higgins, & Rothstein, 2005) program.
Then, the effect sizes obtained from the standardized mean
differences of each individual study and the overall effect
sizes were calculated. There are 3 types of effect sizes used
as standardized mean difference in meta-analysis studies;
Cohen’s d, Hedges’s g, and Glass’s delta. The classification
of Cohen (1988) was used in the interpretation of the effect
sizes. According to this classification: Cohen’s d < .20 indi-
cates an insignificant effect; 20 < Cohen’s d < .50 is a low
level effect; .50 < Cohen’s d < .80 is a medium effect; and
Cohen’s d > .80 is a high level of effect (Cohen, 1988). Since
some sample sizes used were below 20, Hedges’s g was used
in this study, which performs better than Cohen’s d, (Lipsey
& Wilson, 2001).

In addition, publication bias is also an important factor
for valid results based on a meta-analysis study. In this con-
text, Egger’s test, Duval and Tweedie’s trim and fill test, and
Begg’s test were performed and examined in the funnel plot
before moving on to the findings related to the sub-problems
of the research. Descriptive information about the studies in-
cluded in this study is given in Table 1.

Figure 1. Flow chart on the inclusion process of researches
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In line with the information in Table 1, the studies an-
alyzed within the scope of this research; It consists of 14
master’s theses, 9 PhD dissertations and 7 research articles.
19 of these studies were conducted on secondary school, 7
on higher education and 4 on high school students.

RESULTS

In this section, after examining the publication bias, find-
ings on whether IBL has a significant impact on academic
achievement based on various educational levels and the
types of publication of the researches.

Publication Bias

One of the most effective methods of testing publication bias
in meta-analysis studies can be investigated by a funnel plot.
While effect sizes are shown on the horizontal axis in the
funnel chart, sample sizes are shown on the vertical axis.
The studies are expected to show a symmetrical distribution
within the funnel lines. In this direction, the funnel plot of
the studies included in this study was given in Figure 2.

When the graph in Figure 2 was examined, it can be seen
that all studies except for six of them were included in the
funnel plot lines, the sample sizes of the studies were close
to each other, and the studies were symmetrically distributed
around the middle line representing the general effect. Based
on these results, it was concluded that publication bias was
too low to affect the reliability of the study. In this sense,
Duval and Tweedie’s (2000) trim and fill method is a test
that shows how many possible missing studies are needed
to correct publication bias, and the filled circles show the
fictitious studies that should be included to eliminate publi-
cation. The values obtained as a result of the test were given
in Table 2. According to these results, if 9 possible missing
studies were added to correct publication bias, the effect size
would increase from 1.181 to 1.433.

In addition to Duval and Tweedie’s trim and fill test, an-
other method of testing publication bias in a study involving
meta-analysis is Egger’s test. If Egger’s p value obtained as
a result of the test was above 0.05, it means that publication
bias is not statistically significant. Accordingly, the results
of Egger’s test were given in Table 3. Egger’s significance
values (p > 0.05) according to the test results show that there
is no publication bias in this study. Egger’s test result is

Figure 2. Funnel plot showing publication bias
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Table 1. Descriptive information about studies included in the study

Identity of the research

Level of Education Type of Publication

Experiment Group Control Group Effect Size

1 Simsek (2013) Secondary school PhD dissertation 20 20 0.00

2 Cakar (2013) Secondary school PhD dissertation 30 29 1.23

3 Tirker Altan (2015) Secondary school Master’s thesis 38 38 1.41

4 Karakog (2016) Secondary school PhD dissertation 19 20 1.29

5 Kurtulmus (2017) Secondary school Master’s thesis 25 26 0.67

6  Varli (2018) Secondary school Master’s thesis 15 16 1.32

7 Ozkanbas (2018) Secondary school Master’s thesis 27 27 1.00

8  Goreci Keskin (2019)  High school Master’s thesis 20 19 2.01

9  Kagar (2020) Secondary school PhD dissertation 40 40 1.13

10  Tatar (2006) Secondary school PhD dissertation 52 52 1.00

11 Taskoyan (2008) Secondary school Master’s thesis 18 18 1.98

12 Eyvazoglu (2008) Higher education Master’s thesis 27 28 1.21

13 Caliskan (2008) Secondary school PhD dissertation 30 30 0.88

14 Altunsoy (2008) High school Master’s thesis 18 18 1.33

15 Bagcaz (2009) Secondary school Master’s thesis 30 30 1.33

16 Kula (2009) Secondary school Master’s thesis 30 30 0.88

17  Parim (2009) Secondary school PhD dissertation 24 25 0.78

18  Sensoy (2009) Higher education PhD dissertation 45 50 0.31

19  Can Sen (2010) High school PhD dissertation 189 109 3.44

20  Sakar (2010) High school Master’s thesis 27 27 1.00

21 Akpulluk¢u (2011) Secondary school Master’s thesis 36 36 1.41

22 Celik (2012) Secondary school Master’s thesis 22 22 1.33

23 Alkan Dilbaz (2013)  Secondary school Master’s thesis 24 24 0.57

24 Kaya and Yilmaz Secondary school Article 33 32 0.00

(2016)

25 Bozkurt (2012) Higher education Article 25 25 2.00

26 Karakuyu et al. (2013) Higher education Article 25 26 1.53

27  Celik and Cavas Secondary school Article 24 24 1.33

(2012)

28 Oz and Sahin (2015)  Secondary school Article 29 29 1.96

29 Bozkurtetal. (2013)  Secondary school Article 23 23 2.24

30 Yetisir (2016) Higher education Article 35 37 2.00

Table 2. Duval and tweedie’s trim and fill test (random Table 3. Egger’s test results

effects) Intercept -2.669
Omitted  ES] Confidence 0 % 95 lower limit -8.405
Studies Interval % 95 upper limit 3.065
(Right) Lower Upper ¢ value 0.954

Limit  Limit
df 28

Observed 1.181  0.869 1.426  226.364

Values p value (tag-1) 0.174

Corrected 9 1433 1138 1.657 340364  _PVvalue(tag-2) 0.348

Values

ES (Effect Size)

supported by Begg’s test result (tau b = 0.237, p = 0.066),
and publication bias was not found to be critically significant

for the present study.

Effect of IBL on Academic Achievement

In this section, the impact of IBL on academic achieve-
ment has been investigated given the changes from pre-test
to post-test scores of the students. Table 4 contains the ef-
fect sizes calculated according to the fixed effects model
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and random effects model as well as the heterogeneity test
results.

As seen in Table 4, the Q value is calculated as 226.36
(p < .01). The value of Q is greater than the value corre-
sponding to 29 degrees of freedom (df) in the x? table. Based
on this result, it can be concluded that the works included
in the study are not similar, in other words, they are hetero-
geneous. Another way to test heterogeneity is the I percent
value. The PP value of this study (i.e., 87.19%) confirms that
the works included in the study were heterogeneous. Since
the research has a heterogeneous structure, the effect size
value obtained in the random effects model was taken into
consideration, which was calculated as 1.147. According to
Cohen’s (1988) classification, it has been observed that IBL
has a large level effect on students’ academic achievement.

Table 4. Heterogeneity test results

The 52.2% distribution of the actual effect sizes (1> = 0.522)
was explained by this study.

In this direction, the forest plot created according to the
random effects model was given in Figure 3. When the for-
est plot was examined, it is seen that all effect sizes of the
studies are positive. As a result of the comparison of the ex-
perimental groups with the control groups included in this
study, the finding showed that inquiry-based learning (IBL)
positively affects academic achievement.

Comparison of Groups According to School Level and
Article Type

In Table 5 below, the comparisons of the effect of IBL on
academic achievement by education level and type of publi-
cation were given.

Model N ES 4 SE Lower Limit Upper Limit df 0 P P
Fixed Effects 30 1.181 23.42 0.050 1.08 1.28 29 226.36 .00 87.19
Random Effects 30 1.147 8.06 0.142 0.87 1.43

Figure 3. Forest plot created according to random effects model

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper

g error Variance limit limit Z-Valuep-Value
Simssk (2013) 0036 0310 0096 -0.643 0572 0116 0908 =
Cakar (2013) 1.214 0.280 0079 0.664 1.763 4331 0.000
Turker Altan (2015) 1.227 0.248 0.061 0.741 1.713 4940 0.000
Karakoc (2016) 1.127 0339 0.115 0463 1.791 3327 0.001
Kurtulmus (2017) 0.762 0.286 0.082 0201 1322 2664 0.008
Varli (2018) 1.218 0.383 0.146 0468 1968 3182 0.001
Ozkanbas (2018) 0.781 0.279 0.078 0235 1327 2803 0.005
Goreci Kaskin (2019) 1.810 0.381 0.145 1163 2.657 5011 0.000 4
Kacar (2020) 0.815 0.233 0.054 0458 1372 3927 0.000
Tatar (2006) 0.938 0.205 0.042 0537 1.341 4.575 0.000
Taskoyan (2008) 1.850 0.382 0.154 1082 2619 4718 0.000 *
Eyvazoglu (2008) 1.092 0.286 0.082 0532 1.652 3.825 0.000
Caliskan (2008) 0.855 0.267 0.071 0333 1378 3209 0.001
Altunsoy (2008) 1.196 0.355 0.126 0500 1.892 3360 0.001
Bagcaz (2009) 1.002 0.271 0.073 0471 1533 3700 0.000
Kula (2009) 0.944 0.269 0.072 0417 1472 3510 0.000
Parim (2009) 0.742 0.291 0.085 0.171 1312 2548 0.011
Sensoy (2008) 0492 0207 0043 0.086 0.897 2376 0.018 4
Can Sen (2010) 3.433 0.185 0.034 3070 3.795 18572 0.000
Sakar (2010) 0.846 0.283 0.080 0391 1.501 3340 0.001
Alkpuliukes (2011) 1.288 0.257 0.066 0.785 1.701 5018 0.000 i
Calik (2012) 1.283 0.326 0.106 0644 1922 3934 0.000
Alkan Dilbaz (2013) 0.483 0.288 0.083 -0.073 1.058 1.708 0.088 *
Kaya ve Yilmaz (2016) 0194 0246 0060 0288 0675 0788 0431 -2
Bozkurt (2012) 0.904 0.283 0.086 0330 1478 3.088 0.002
Kanakuyu vd. (2013) 1.502 0.313 0.098 0.888 2117 4.795 0.000
Calik ve Cavas (2012) 1.285 0.313 0.098 0672 1.808 4.1096 0.000
Oz ve Sahin (2015) 1.516 0.285 0.087 0938 2.094 5142 0.000
Bozkurt vd. (2013) 2.064 0.361 0.130 1356 2.771 5.717 0.000 —
Yetisir (2016) 1392 0.261 0.068 0.882 1.903 5344  0.000

1.147 0.142 0020 0.868 1426 8.063 0.000
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B
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Table 5. Subgroup analysis according to random effects model

Variable N ES SE Lower Limit  Upper Limit  df (] P
Level of Education Secondary School 21 1.016 0.136 0.750 1.282 2 7.493 0.024
High School 4 1.944 0.313 1.330 2.558
Higher Education 5 1.063 0.274 0.526 1.600
Type of Publication =~ Master’s Thesis 14 1.131 0.217 0.706 1.555 2 0.166 0.921
PhD Dissertation 9 1.092 0.264 0.574 1.611
Article 7 1.251 0.305 0.654 1.859

In line with the results presented in Table 5, Analog
ANOVA analysis was conducted to test whether the effect
sizes differ by the school levels and the types of publication.
As a result of the analysis, it was determined that the hetero-
geneity value (Q = 7.493, p < 0.05) according to the school
levels was greater than the chi-square critical value. This
result showed significant differences between the groups.
While average effect sizes of secondary school and higher
education levels were close to each other, the average effect
size of high school level was higher than secondary school
and higher education levels. It was determined that the het-
erogeneity value (Q = 0.166, p > 0.05) according to the type
of publication was lower than the chi-square critical value.
This result displayed no significant differences between the
groups. In short, the average effect sizes of the effect of IBL
on academic achievement did not vary based on the types of
publication.

DISCUSSION

This meta-analysis study, which aims to determine the ef-
fect of IBL on the academic achievement of students, was
limited to 30 studies within certain criteria. In this study,
the effect size (ES = 1.147) obtained in the meta-analysis
study was high and positive. Sar1 and Sasmaz Oren (2020)
determined that the effect size value (ES = 0.70) has a me-
dium effect size and that there is a statistically significant
difference given the meta-analysis study conducted in order
to determine the effect of IBL on the academic achieve-
ment of students. The effect size (ES = 1.029) obtained in
the meta-analysis study conducted by Aktamis et al. (2016)
with the same purpose was high and positive. Therefore,
it can be concluded that the effect of IBL on the academic
success of students is more positively effective than oth-
er teaching methods (teaching methods applied in control
groups). This result coincides with studies in the literature
showing that IBL has a great and positive impact on stu-
dents’ academic success. In this case, it has shown that the
result of this study is consistent with the relevant literature
and that IBL significantly increases the students’ academic
achievement.

According to the results of this study, the effect of IBL
on academic achievement is higher at high school level than
secondary school and higher education levels. In the me-
ta-analysis study conducted by Sar1 and Sasmaz Oren (2020)
on the impact of IBL on academic achievement, the effect
size at the secondary school level is higher. However, when
the study of Sari and Sasmaz Oren (2020) was examined

in detail, it was found that there was no sample at the high
school level in the study of the researchers.

Furthermore, no significant differences were observed
in this present study based on the type of publication (dis-
sertation-article). This result coincides with the work of
Sar1 and Sasmaz Oren (2020) because they also did not
obtain significant differences based on the type of publi-
cation. However, in both studies conducted at the article
level, the effect of IBL on the academic success of students
was significant.

CONCLUSION

In this meta-analysis study conducted to determine the effect
of IBL on academic achievement, inquiry-based learning
has a high positive effect on the academic achievement of
students. There is a significant difference observed in effect
sizes because of the school levels. Moreover, while the ef-
fect sizes of secondary school and higher education levels
are close to each other; the effect size of high school lev-
el is significantly higher than secondary school and higher
education levels. Based on this result, it can be interpreted
that inquiry-based learning gives more effective results at
the high school education level; in other words, it is more
effective on academic achievement than other education
levels. Nevertheless, no significant differences were found
due to the type of publication as a result of the Analogue
ANOVA test conducted to examine whether the effect sizes
of the IBL on the academic achievements vary by the type
of publication.
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