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ABSTRACT

This study aimed to synthesize and statistically combine the results of studies examining the effect
of non-traditional teaching methods on intellectual risk-taking behavior in science courses in the
context of Turkey. In this regard, the meta-analysis method was utilized in the study, and the
overall effect size of the effect of non-traditional teaching methods used in the science course on
intellectual risk-taking behavior was calculated. The literature review required for this study was
conducted through the Higher Education Council of Turkey (YOK) Thesis Center, and only thesis
studies were included. The literature review used the keywords determined by the literature
research. After the inclusion and exclusion criteria of the obtained studies were established, the
necessary elimination was made. Within the scope of the study's literature search and selection
criteria, nine theses studies were identified, and the essential analyses were made. The number of
observations, arithmetic averages, and standard deviation measurements based on experimental
control groups regarding the pre-test and post-test measurements of nine different theses
included in the research were discussed. Within the scope of meta-analysis, standardized mean
difference (SMD) values, known as Cohen-d in the literature, were used as the type of effect size
based on the number of observations and descriptive statistics of reference studies. In line with
the analysis, based on the results of the random effect type in the post-test context, the overall
effect size of the scale score averages between the experimental and control groups for the post-
test applications was found to be statistically significant (p<0.05). However, within the scope of the
standardized mean difference (SMD) value known as Cohen-d, the overall effect size for the mean
differences between the experimental and control groups for the post-test applications was low
(SMD=0.20<0.424<0.50).
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INTRODUCTION

Risk-taking behavior corresponds to behavior that has no expectations about the consequences and may even
create some dangerous situations, as well as positive behaviors such as gaining new experiences and finding new
solutions to problems (Alexander et al., 1990; Cift¢i, 2006). Intellectual risk-taking behaviors can be mentioned
as a positive dimension of risk-taking behaviors. Intellectual risk-taking behavior is a set of risky behaviors that
students take for learning in learning environments (Beghetto, 2009). Intellectual risk-taking behaviors, which
we define as risky with this dimension, support students' learning processes in learning environments (Akkaya &
Koksal, 2022). In the literature, risky behaviors in learning environments include behaviors such as exhibiting a
new psychomotor behavior, criticizing, discussing, presenting non-routine evaluations, bringing original
explanations to a topic, sharing different ideas with other stakeholders in learning environments, undertaking a
non-routine task, and self-criticism (Beghetto, 2009; Clifford, 1991; Robinson, 2011; Skaar, 2009; Taylor, 2010).
In this case, increasing the frequency of intellectual risk-taking behaviors in learning environments contributes
positively to student learning. The positive relationship between intellectual risk-taking behavior and academic
achievement is supported by studies in the literature (Akkaya & Koksal, 2022; Beghetto, 2009; Cakir & Yaman,
2015; Tay et al., 2009). Considering academic success as an indicator of achieving the desired goals in the learning
environment, increasing the frequency of intellectual risk-taking behaviors in learning environments can be

expressed as a desirable situation.

Learning environments can be modified for different disciplines to achieve learning objectives. These
modifications aim to facilitate student achievement of the objectives as well as to increase the retention of
learning. The arrangements made in the learning environment vary according to learning disciplines. When
designing the learning environment of science as a learning discipline, a number of factors, such as course
content, learning objectives, and students' characteristics, are considered. These arrangements include using
different teaching methods in the teaching process. The teaching methods chosen in science courses help
students to reach their learning objectives. The academic success of the student can evaluate the effectiveness
of the chosen method. In this regard, it can be stated that there is a positive relationship between the
effectiveness of the learning method and academic achievement. The choice of teaching methods has taken a
different path, especially with the integration of constructivism philosophy into education. Within the teaching
process, a teaching environment has been constructed in which the student is at the center. The learning
methods used in this direction have evolved into methods in which the student actively directs the learning
process. Among these evolving methods are cooperative learning, problem-solving-based learning, project-
based learning, extracurricular learning, etc., where students can actively participate in the learning process.
Numerous studies in the literature indicate that these methods increase students' achievement (Ayaz &
Soylemez,2015; Chen & Yang, 2019; Donker et al., 2014; lleri et al., 2020; Lei et al., 2022; Orhan, 2019; Orhan &
Durak Men, 2018; Oren, 2020; Yokus & Aycicek, 2019). In this respect, a study evaluating the approaches used in
a constructivist learning environment was conducted by Ayaz and Sekerci (2015). In Ayaz and Sekerci's (2015)

meta-analysis of 53 studies, the constructivist learning approach was compared with traditional teaching
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methods, and they stated that constructivist learning approaches positively affected students' academic
achievement. Besides students' achievement, these methods used in a constructivist learning environment are
also effective on other factors affecting learning (such as motivation, attitude, and perception) (Dilbaz et al.,

2016; Orhan & Durak Men, 2018; Sahin &Yilmaz, 2020; Yavuz Topaloglu & Balgin, 2021).

Examining student-centered teaching methods, it is observed that many intellectual risk-taking behaviors are
integrated into the teaching process. Since it is known that there is risk-taking behavior in the nature of learning,
it is expressed as a desired situation that these behaviors exist in the learning environment. These methods can
be considered as methods that include intellectual risk-taking behaviors such as discussion, criticism, coming up
with a new idea, and making non-routine evaluations. In parallel with this case, some experimental studies show
that these methods change the frequency of intellectual risk-taking behaviors (Akkaya & Kéksal, 2022; Oner et
al., 2020).

The objective of this study is to determine the effect of using non-traditional teaching methods and techniques
in science courses on students' mental risk-taking behaviors. Considering that intellectual risk-taking behaviors
positively affect student achievement (Akkaya & Kéksal, 2022) and predict it (Akdag & Koksal, 2022; Ozbay &
Koksal, 2021), it is necessary to include practices to identify and increase these behaviors. Clifford (1991) argued
that competence rewards and skill development rewards are associated with intellectual risk-taking behavior,
while extrinsic rewards are associated with reduced risk-taking. Bransford and Donovan (2005) argued that
providing students with a wide range of ideas and encouraging diverse thinking and disagreement can foster a
classroom environment in which both teachers and students value intellectual risk-taking. Akkaya and Koksal
(2022) stated that the use of animations with role model content in the teaching process in the science course
in the classroom positively affected students' intellectual risk-taking behaviors. Soutter and Clark (2023) used the
Harkness method to make intellectual risk-taking behavior a culture in the classroom. In this case, it would not
be inaccurate to refer to intellectual risk-taking behavior as a type of behavior affected by the strategies and
methods adopted in the learning process. In this sense, our study reveals to what extent the teaching methods,
which we call non-traditional methods, discussed in the studies in the literature, affect intellectual risk-taking

behaviors (the effect size) by meta-analysis method.

METHOD

In this study, meta-analysis was used to combine the results of independent experimental studies. Meta-analysis
is a technique for synthesizing research that aggregates the findings of primary quantitative investigations in a
specific field, chosen using defined standards (Kanadl, 2021). Differing effect sizes and methodological
differences are among the reasons why the meta-analysis method was preferred in the study (Demir & Basol,
2014). Meta-analysis is a statistical method that synthesizes and then reinterprets the findings obtained from

different individual studies (Bayraktar, 2020; Card, 2012; Wolf, 1986).
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Literature Review Process

National thesis studies examining the effect of non-traditional teaching methods on intellectual risk-taking
behavior in science courses were evaluated, and the Higher Education Council of Turkey (YOK) Thesis Center was
used to identify these studies. The studies presented here cover all relevant studies uploaded until April 2022. In
this database, keywords such as "intellectual risk-taking", "academic risk-taking", "academic risk-taking and
science education", "intellectual risk-taking and science education", "science, academic achievement, and risk-
taking," and combinations of these words were entered as keywords. The studies were evaluated one by one,

and a total of nine theses published between 2007 and 2021 that met the inclusion and exclusion criteria for the

problem situation were identified.

Inclusion and Exclusion Criteria of the Studies Obtained

The phase in which inclusion and exclusion criteria are determined is the most important phase in meta-analysis
studies. The criteria determined are critical for the successful conduct of the study and for other researchers to
reach similar results by using the same criteria (Card, 2012). Inclusion criteria of the study:

Time: No time limit was set for the studies included in the research.

Type of publication: The studies included in the research consist of national master's and doctoral theses.
Research methodology: The studies included in the research include experimental and quasi-experimental
studies that aim to evaluate intellectual risk-taking behavior and academic achievement in science courses.
Statistical data: The studies included in the research include arithmetic mean (X), standard deviation (SD), sample

size (N), T and P values or data that can reach these values to calculate effect sizes.

Not all studies were evaluated in the screening conducted through the Higher Education Council of Turkey (YOK)
Thesis Center. In other words, exclusion criteria were set for this study. Exclusion criteria of the study:
e Studies on science courses in which mental or academic risk-taking behavior was not examined were
not included in the meta-analysis.
e Studies that did not use a scale in intellectual risk-taking behavior were not included in the meta-
analysis.
e Studies that did not contain statistical data for meta-analysis were not included in the study.

e Non-experimental studies were not included in the study.

Codification of The Studies

A literature review was conducted several times at different times, and a meta-analysis was performed with nine
studies that met the exclusion and inclusion criteria. A coding form was developed to identify these studies. The
coding form should be general enough to include all studies and specific enough to reveal study differences
(Demir & Basol, 2014). In the meta-analysis coding form of the study, "study number, study title, author's name
and surname, year of the study, sample group and scale used, sample size, method of the study, arithmetic mean

and standard deviation values of the experimental and control groups" are included.
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Data Analysis and Statistical Model Selection

In the statistical analysis phase of the study, meta-analysis was implemented to compare the means of
independent groups. The number of observations, arithmetic averages, and standard deviation measurements
on the basis of experimental control groups for the pre-test and post-test measurements of 9 different theses
included in the study were discussed. Within the scope of the meta-analysis, the effect size type was based on
the standardized mean difference (SMD) values, known as Cohen-d in the literature, based on the number of

observations and descriptive statistics of the reference studies.

When evaluating the SMD effect size, it is concluded that there is a low effect if this value is in the range of [0.20,
0.50), a medium effect if it is in the range of [0.50-0.80), and a high effect if it is 0.80 and above. (Cohen, 1988:
p.1992; Séner, 2021). In order to choose between fixed and random effects, a heterogeneity test was applied 12
and the Q statistic was used in the test context (Higgins & Thompson, 2002; Higgins et al., 2003). In the context
of meta-analysis, the overall SMD value was calculated over the data obtained from the reference studies and
tested with the significance test. The Egger test (Egger et al., 1997) and the Begg and Mazumdar rank correlation
test (Begg & Mazumdar, 1994) were applied to test for publication bias. A funnel plot and a forest plot were
created to visualize the meta-analysis results. The meta package (Balduzzi et al., 2019) in the R-Project (R Core

Team, 2022) program was used to obtain all statistical findings for meta-analysis.

FINDINGS
In this section of the study, the heterogeneity test of the studies included in the meta-analysis study, the findings
on the effect sizes of whether they show publication bias, and the forest plots are presented.

Meta-Analysis Results for Pre-Test Data

Table 1 shows the heterogeneity test results obtained for the meta-analysis findings for the pre-test application
studies.

Table 1. Heterogeneity Test for Pre-Test Application Studies

12 95%-Cl Q sd p

67.3% [34%; 83.8%] 24.450 8 0.002

Cl: Confidence interval

For the pretest studies included in the meta-analysis presented in Table 1, heterogeneity was found to be
moderate (12=67.3) and statistically significant (p<0.05). Following the heterogeneity test, effect-type analyses

were conducted for the pretest applications. Table 2 shows the meta-analysis effect type results for the pre-test

applications.
Table 2. Effect-Type Analyses for Pre-Test Application Studies
Effect type SMD 95%-Cl z p
Fixed effect 0.069 [-0.088; 0.226] 0.860 0.391
Random effect 0.028 [-0.286; 0.342] 0.170 0.863

Cl: Confidence interval
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The effect-type analyses presented in Table 2 are based on the random effect-type results since heterogeneity is
significant in the context of pre-test studies. Based on the results of the random effect type, the overall effect
size of the mean scale scores between the experimental and control groups for the pre-test applications was not
statistically significant (p>0.05). Within the scope of SMD value, the overall effect size for the mean differences
between the experimental and control groups for the pre-test applications was low (SMD=0.028<0.20). Along
with the heterogeneity test and the analyses to determine the type of effect for the pretest applications, the

forest plot for the size of the random effect type is examined in Figure 1.

Heterogeneity: I = 67%, < = 0.1610, p <0.01 T

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Aksoy, |. (2020) 21 5580 9.0800 22 54.77 14.4100 —°— 0.08 [-0.51; 0.68] 10.1%
Ath, Z. (2021) 20 319 07200 20 369 05900 —=—| 074 [-1.39:-0.10] 9.6%
Aydin, N. (2019) 22 2524 31800 22 2427 56400 —~—°— 0.21 [-0.38; 0.80] 10.2%
Cakir, E. (2017) 26 374 05600 27 369 05400 — 0.09 [-0.45; 0.63] 10.9%
Celik, E. (2010) 21 11238 132270 21 12338 9.2650 at -0.95 [-1.59;-0.30) 9.6%
Ginar, D. (2007) 31 110.42 13.5400 30 97.50 20.1800 P ———— 074022 1.26] 11.1%
Oner-Stnkdr, M. (2013) 39 372 04200 39 358 04200 T 0.33 [-012; 0.78] 12.1%
Ozyllmaz-Akamca, G. (2008) 46 123.26 12.3700 46 120.46 13.4100 —E— 0.22 [-0.19; 0.63] 12.5%
Yildiz, Z. (2012) 77 100.61 18.3900 111 100.51 18.4700 . 0.01 [-0.29; 0.30] 14.0%
Random effects model 303 338 ‘J‘T} 0.03 [-0.29; 0.34] 100.0%
151 050 05 1 15

Figure 1. Forest Plot for Random Effect Type Findings in Pre-Test Application Studies.

Figure 1 shows the forest plot for the random effect type analysis in the pre-test application studies. The forest
plot shows the SMD and weight statistics of all reference studies in the context of the pre-test treatments for the
random effect type results. According to the forest plot, the effect size of six studies in the pre-test applications
was positive, and the effect size of two studies was negative. For the scale score averages between the
experimental and control scores, the SMD average of the pre-test applications is also very close to zero

(SMD=0.03). In line with the findings obtained, the funnel plot for the pretest applications is shown in Figure 2.
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Figure 2. Funnel Plot for Pre-Test Application Studies.
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According to the funnel plot given in Figure 2, the SMD values of the pre-test application studies exhibit an
approximately symmetrical distribution, and this result supports the conclusion that there is no publication bias.

Finally, the publication bias tests presented in Table '3' were conducted for the pre-test applications.

Table 3. Tests of Publication Bias for Pre-Test Application Studies

Egger test Begg and Mazumdar test
Constant term B t sd p Tau z p
0.435 -1.579 -0.710 7 0.503 0.401 -1.460 0.144

B: Beta coefficient, sd: Degrees of freedom, Tau: Kendall-Tau correlation

Table 3 shows the results of the Egger test and Begg and Mazumdar test for the pre-test application studies.
According to the results of both publication bias tests, there was no publication bias in the comparisons for the
pre-test applications (p>0.05). Following the analyses conducted for the pre-test applications, similar analyses
were conducted for the post-test applications. First, the heterogeneity test results obtained for the meta-analysis

findings for the post-test applications studies are analyzed in Table 4.

Meta-Analysis Results for Post-Test Data

Table 4 shows the heterogeneity test results obtained for the meta-analysis findings for the post-test application
studies.

Table 4. Heterogeneity Test for Post-Test Application Studies

12 95%-Cl Q sd p

65% [28.6%; 82.8%] 22.850 8 0.036

Cl: Confidence interval

In line with the data obtained from Table 4, heterogeneity for the post-test studies included in the meta-analysis
was found to be moderate (12=65%) and statistically significant (p<0.05). Table 5 shows the meta-analysis effect

type results for the post-test applications.

Table 5. Effect Type Analyses for Post-Test Application Studies

Effect type SMD 95%-Cl z p
Fixed effect 0.448 [0.289; 0.607] 5.520 <0.001
Random effect 0.424 [0.138; 0.710] 2.900 0.004

Cl: Confidence interval

Table 5 shows the meta-analysis effect type results for the post-test applications. Since heterogeneity is
significant in the context of post-test studies, the random effect type results will be taken as a basis. According
to the random effect type results, the overall effect size of the scale score averages between the experimental
and control groups for the post-test applications was found statistically significant (p<0.05). However, within the
scope of SMD value, it was seen that the overall effect size for the mean differences between the experimental
and control groups for the post-test applications was at a low level (SMD=0.20<0.424<0.50). Along with the
heterogeneity test and the analyses to determine the type of effect for the post-test applications, the forest plot

for the size of the random effect type is examined in Figure 3.
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Figure 3. Forest Plot for Random Effect Type Findings in Post-Test Application Studies.

Figure 3 shows the forest plot for the random effect type analysis in the post-test application studies. The forest

plot presents the SMD and weight statistics of all reference studies in the context of post-test treatments for the

random effect type results. According to the forest plot in the post-test applications, the effect size of six studies

was positive, and the effect size of two studies was negative. For the scale score averages between the

experimental and control scores of the post-test applications, the SMD average was also found to be far from

zero (SMD=0.42). In line with the findings obtained, the funnel plot for the post-test applications is analyzed in

Figure 4.
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Figure 4. Funnel Plot for Post-Test Application Studies.

In the funnel plot given in Figure 4, the SMD values of the post-test implementation studies exhibit an

approximately symmetrical distribution, indicating that there is no publication bias. Finally, the publication bias

tests presented in Table 6 were conducted for the post-test applications.
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Table 6. Publication Bias Tests for Post-Test Application Studies.

Egger test Begg and Mazumdar test
Constant term B t sd p Tau z p
0.697 -1.058 -0.460 7 0.066 0.349 -0.210 0.835

B: Beta coefficient, sd: Degrees of freedom, Tau: Kendall-Tau correlation

Table 6 shows the results of the Egger, Begg and Mazumdar tests applied for the post-test application studies.
Based on the results of both publication bias tests for the post-test applications, it was observed that there was

no significant publication bias in the experimental-control comparisons (p>0.05).

CONCLUSION and DISCUSSION

In conclusion, a meta-analysis of the effects of traditional and non-traditional teaching methods on intellectual
risk-taking behaviors showed that the overall effect size for the mean differences between the experimental and
control groups had an effect size in favor of non-traditional methods, albeit at a low level
(SMD=0.20<0.424<0.50). There are not many studies on intellectual risk-taking in the literature. Nonetheless, in
the meta-analysis study of Brynes et al. (1999), including 150 studies, it was stated that intellectual risk-taking

differed in terms of gender.

In the literature, meta-analyses on non-traditional teaching approaches have generally focused on the concept
of academic achievement. It is acknowledged that there is a positive relationship between intellectual risk-taking
behavior and academic achievement (Akkaya & Koksal, 2022; Beghetto, 2009; Cakir & Yaman, 2015; Tay et al.,
2009), and intellectual risk-taking behaviors predict academic achievement (Akdag & Koksal, 2022; Ozbay &
Koksal, 2021). In this regard, meta-analysis studies examining the effect of non-traditional approaches on
academic achievement can be analyzed. Accordingly, Orhan (2019) conducted a meta-analysis study to compare
the effect of academic achievement and flipped learning on academic achievement with the effect of learning
with traditional methods on academic achievement and stated that the effect of reversed teaching method on
academic achievement was 0.744 with an error of 0.80 according to the fixed effects model. This effect size is
moderate (Cohen et al., 2007). In their meta-analysis study on the effectiveness of teaching learning strategies
on academic achievement, Donker et al. (2014) analyzed 58 articles, including 95 strategy interventions. Nine of
the articles they examined were within the scope of science, and according to the results of their meta-analysis,
the effect of teaching learning strategies on achievement in science courses was determined as .73. Ayaz and
Soylemez (2015) conducted a meta-analysis study on the effect of a project-based learning approach on
academic achievement in science courses. The results of this study show that the project-based learning
approach positively affects student academic achievement in science courses compared to traditional teaching
methods. In their meta-analysis study to evaluate students' academic achievement of project-based learning,
Cheng and Young (2019) reported that the overall average weighted effect size for students indicated that
project-based learning had a moderate to significant positive effect on students' academic achievement

compared to traditional teaching. In their study, lleri et al. (2020) examined the effect of a cooperative learning
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approach on academic achievement in science education with a meta-analysis method. According to the results
obtained from the study, it was stated that the cooperative learning approach had a positive and strong effect
on student's academic achievement. Yokus and Aycicek (2019) conducted a meta-analysis study to determine
the effect of concept cartoons on science course academic achievement. Based on the findings of this study, it
was stated that the learning-teaching processes in which concept cartoons were at the center were effective on
students' academic achievement, and the average effect size value obtained from the studies was positive and
had a significant effect size. In their study, Lei et al. (2022) examined the effect of game-based learning on
students' science achievement. The results of this study indicate that the effect of game-based learning on
academic achievement is positive. Orhan and Durak Men (2018) examined the effect of web-based instruction
on students' science course achievement and attitudes through meta-analysis. The study results indicated that
web-based instruction's effect size value on students' academic achievement was significant. Sari and Oren
(2020) conducted a meta-analysis study to determine the effect of inquiry-based learning strategies on students'
academic achievement. The overall effect size of this learning strategy on students' academic achievement was
found to be moderate according to the random effects model. To conclude, non-traditional teaching methods
increase science achievement. Considering all the studies in general, although meta-analysis studies on
intellectual risk-taking behavior are not numerous, the literature contains many meta-analysis studies examining
the effect of non-traditional teaching methods on academic achievement. The overall findings of the studies
show that non-traditional methods have a moderate or large effect on academic achievement. However, in our
study, the effect of non-traditional methods used in science courses on intellectual risk-taking behavior was

determined to be low.

SUGGESTIONS

Only the effect of non-traditional teaching methods on science education on intellectual risk-taking behavior and
the studies in the Higher Education Council of Turkey (YOK) Thesis Center were examined in this study. This is
one of the limitations of our research. In future studies, different publication sources related to the topic can be
evaluated. In our study, the impact of non-traditional methods on intellectual risk-taking has been examined.
Subsequent research can investigate different factors affecting the method of intellectual risk-taking using the
meta-analysis method. In this study, only intellectual risk-taking studies in the field of science were examined. In

future studies, intellectual risk-taking studies in other fields can be evaluated.
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