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Language Learning: A Meta-Analysis Study
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Article Info ABSTRACT
Received: 28.06.2024 A_Itr_]ough I_earning a new language and_acquiri_ng a native language require the use _of
Accepted: 20.08.2024 S|_m|Iar skills, the processes of_ Iearnlng_ a _flrst and a sec_ond Ianguage are quite
Published: 31.03.2025 different from each other. Planning, monitoring and evaluation, which constitute the
three processes of meta-cognitive strategies, ensure that the learner is active
Keywords: throughout the learning process. Using metacognitive strategies in foreign language
Education Foreign, education positively affects students' acquisition of language skills. While studies
Language Education, have examined the impact of metacognitive strategy training on foreign language
Language Skills. learning, no comprehensive analysis currently exists to assess its overall

effectiveness across these studies. In this study, research articles investigating the
effect of metacognitive strategies training on students' foreign language learning in
Turkey and across the world were compiled using meta-analysis method. The results
of the analysis showed that metacognition strategies training had a strong effect on
students’ foreign language learning. As a result of the subgroup analysis, no
significant difference was found between the effect sizes by language skills and
study group. Within the scope of the research, it was suggested that students should
be given training in metacognitive strategies while teaching a foreign language, that
future studies should be conducted to examine the effects of metacognitive strategies
training on speaking skills, and that future studies should include primary, secondary
and high school students as samples.

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0
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Yeni bir dil 6grenilirken ana dil ile benzer beceriler kazanilsa da birinci ve ikinci
dilin 6grenilme siiregleri birbirinden oldukg¢a farklidir. Birey ilk dili ailesinden ve
yakin ¢evresinden dogal bir siirecte edinirken ikinci dili kendi iradesi ve gabasiyla
Ogrenir. Meta-biligsel stratejilerin {i¢ siirecini olusturan planlama, izleme ve
degerlendirme 6grenenin siire¢ boyunca aktif olmasini saglamaktadir. Yabanci dil
egitiminde st bilis stratejilerini kullanmak 6grencilerin dil becerilerini kazanmasini
olumlu yonde etkilemektedir. Alanyazinda st bilis stratejileri egitiminin
Ogrencilerin yabanci dili 6grenmesindeki etkisini inceleyen bir dizi arastirma
yapilmistir ancak tiim bu arastirmalar1 kapsayan ve strateji egitiminin dgrencilerin
yabanct dil dgrenimine etkisinin ne diizeyde oldugunu tespit eden bir ¢aligmaya
rastlanamamistir. Bu aragtirmada Tiirkiye’de ve diinyada st bilis stratejileri
egitiminin 6grencilerin yabanci dil 6grenmesine etkisini inceleyen ¢aligmalar meta-
analiz yOntemiyle bir araya getirilmistir. Yapilan analiz sonucunda iist bilis
stratejileri egitiminin &grencilerin yabanci dil 6grenmesinde genis diizeyde etkiye
sahip oldugu gortilmiistiir. Yapilan alt grup analizleri sonucunda, dil becerilerine ve
calisma grubuna gore etki biyiklikleri arasinda anlamli farklilik tespit
edilememistir. Arastirma kapsaminda yabancit dil egitiminde meta biligsel
stratejilerin  kullanilmasi, gelecekte meta bilis stratejileri egitiminin konusma
becerileri {izerindeki etkisini inceleyen g¢alismalar yapilmasi, gelecekte &rneklem
olarak ilkokul, ortaokul ve lise 6grencilerini igeren ¢alismalarin yapilmasi 6nerisinde
bulunulmustur.
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The Role of Metacognitive Strategies Training in Foreign Language Learning: A Meta-Analysis

INTRODUCTION

Improving language skills has become a necessity rather than an option in order to keep up with
the complex conditions imposed by time and to benefit from intercultural interaction (Ates, 2023;
Deniz & Cekici, 2023). Learning a foreign language refers to the process in which an individual makes
sense of and internalizes another language after they acquire their mother tongue. Although similar
skills are acquired while learning a new language, learning processes of the first and second languages
differ from each other. An individual learns a second language after they start speaking and absorb
information; in other words, is conscious while learning the second language (Suryantari, 2018). Being
conscious in this process provides the opportunity to direct thoughts and produce solutions when faced
with problems. Metacognition strategies, which allow individuals to be aware of the thinking process,
are among the skills that should be possessed in a successful foreign language education (Alamri,
2019). According to Paris et al. (1983), metacognition skills constitute one of the important reasons for
the differences among students’ achievement levels while learning a language (Chon & Shin, 2019)

The concept of metacognition, first used by Flavell (1979), refers to being aware of and
controlling one’s own cognitive process, in other words, thinking about their thoughts. According to
Flavell (1979), this process occurs in two stages: (1) metacognitive knowledge, and (2) metacognitive
control. While metacognitive knowledge includes the knowledge that an individual has about
metacognition,metacognitive control includes the organizing and directing the individual’s thinking
process. An individual with metacognitive skills has awareness of their thoughts, can direct and
organize thoughts in line with a specific purpose. Combining metacognitive knowledge and
metacognitive control process has led to the emergence of concept of metacognitive strategies.
Metacognitive strategies are related to how a person thinks and learns (Ashman & Conway, 1993 as
cited in Batang, 2015). These strategies are considered as high-level executive skills that utilize
knowledge about cognitive processes and constitute an attempt to organize one’s own learning through
planning, monitoring and evaluation (Zhang & Seepho, 2013).

Metacognitive strategies are highly effective in helping individuals to be successful throughout
their education and to acquire new skills. As Devin (1993) states, a successful student has sufficient
knowledge about the nature of the cognitive task and metacognitive knowledge about which strategy
to use to achieve cognitive goals (Karbalaei, 2011). O'Malley (1985) emphasizes the importance of
strategy use by stating that students without metacognitive strategies essentially do not have the
opportunity to review their progress, achievements and future situations (Coskun, 2010). Students who
lack the use of metacognitive strategies are not aware of their success or failure because they cannot
plan their learning processes.

Metacognitive strategies enable the student to focus, plan, obtain resources, organize,
coordinate, and evaluate the construction of L2 knowledge in language learning (Oxford, 2011 as cited
in Osuji, 2017). According to Wenden (1998), learners with metacognitive abilities have the following
advantages over those who are not aware of the role of metacognition in learning another language
they are more strategic learners, their rate of progress in learning is higher, as well as the quality and
speed of their cognitive engagement, they are confident in their ability to learn, they do not hesitate to
seek help from peers, teachers or parents when necessary, they provide accurate assessments of why
they are successful students, they reflect clearly on what went wrong when failure occurs during an
activity, their tactics match the learning task and adjustments are made to reflect changing
circumstances, they perceive themselves as continuous learners, metacognition enhances and enriches
the learning experience, applying metacognitive strategies such as self-awareness and self-monitoring
is to develop independent learners who can control their own learning and learn lifelong learning
(Papaleontiou-Louca, 2008). 11. Metacognition enables self-monitoring, which is a step-by-step
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evaluation process in the learning process. 12. Metacognition develops higher learning and problem
solving skills (Damanik, 2019).

Individuals employing metacognitive strategies while learning language skills are aware of the
learning process, encounter fewer problems than others, and can produce more effective solutions to
the problems they encounter. Students who are less successful in learning a language sometimes use
less strategies than others and do not know exactly which strategy to use where and how (Zhang &
Guo, 2019). Studies show that better readers also have more metacognitive strategy knowledge and
they are better strategy users (Batang, 2015). There are a number of studies showing that using
metacognitive strategies improves individuals’ reading (Cubukcu, 2008; Dabarera, Renandya, &
Zhang, 2014), listening (Dousti & Abolfathiasl, 2013; Selamat & Sidhu, 2012;), writing (Pitenoee et
al., 2017), and vocabulary acquisition (Damanik, 2019; Mahdavi, 2014;) skills. Although there are
different studies examining the role of metacognitive strategies in students’ language learning skills,
no study in the literature that combines these studies and reaches a generalizable conclusion was
found. This study determines to what extent metacognitive strategies are effective in students’ foreign
language learning. The problem statement and sub-problems of the research were as follows:

Research questions: To what extent does metacognitive strategies training in second language
learning play a role in students’ acquisition of language skills?

1. Does the effect of metacognitive strategies training in foreign language learning differ
significantly by language skills?

2. Does the effect of metacognitive strategies training in foreign language learning differ
significantly by study groups?

METHOD

Many studies have examined the effect of metacognitive strategies training on students’
language learning skills. This study aimed to determine the effect level of metacognitive strategy
training on students’ acquisition of language skills, and the sources obtained as a result of the literature
review were compiled using the meta-analysis method. Meta-analysis is the grouping of similar

studies on a subject, theme or field of study under certain criteria and interpreting the quantitative
findings of these studies by combining them (Dinger, 2014).

Table 1 shows the descriptive statistical values of the studies included in the meta-analysis.

Table 1.

The Descriptive Statistical Values of the Studies Included in the Meta-Analysis
Frequency (f) Percent

(%)
2000-2010 3 14.28%
Publication Year 2010-2015 11 52.38%
2016-2020 7 33.33%
Publication Type Thesis 1 4.76%
Article 20 95.23%
Primary school 1 4.76%
Educational Middle school 2 9.52%
Level Secondary School - -
University 18 85.71%
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1-3 weeks 1 4.76%
3-5 weeks 6 28.57%
Implementation  6-8 weeks 6 28.57%
Period 8-10 weeks 2 9.52%
More than10 weeks 5 23.80%
Unspecified 1 4.76%
Reading 11 52.38%
Listening 7 33.33%
Language Skill Speaking - -
Writing 2 9.52%
Vocabulary 1 4.76%

As seen in Table 1, studies examining the effect of metacognitive strategies education on
language learning skills were mostly conducted between 2010 and 2015. The least studies were carried
out between 2000 and 2010. A significant part of these studies were performed with university
students (85%). The duration of the studies varied between 3-5 (28%) and 6-8 weeks (28%). The
shortest implementation period was 1-3 weeks (4%) and the longest was more than 10 weeks (23%).
The implementation period was not specified in 4% of the studies. It was found that most of these
studies (52%) aimed to improve reading skills, and no study aimed to improve speaking (0%) skills
using metacognitive strategies.

Research Instruments and Processes

A five-step process was followed to conduct a comprehensive review of the studies examining
the effect of metacognitive strategies training in second language learning. First, in the first review, it
was seen that the first study on metacognition strategies training was published in 2009. Google
Scholar, CoHE, National Thesis Centre (YOK), ERIC, Proquest, WOS databases were searched to
find studies published in peer-reviewed journals between 2009 and 2020. In the review process, the
words “metacognition”, “metacognition strategies training”, “metacognition strategies training and
reading”, “metacognition strategies and speaking”, ‘“metacognition strategies and writing”,
“metacognition strategies and listening” and their Turkish equivalence were used as keywords. At the
end of the research, 160 studies were reached. In order to include these studies in the meta-analysis,
they were checked in term of these criteria: (a) whether they included metacognitive strategy training
in second language learning, and b) whether they used sample size, arithmetic mean, standard
deviation, and t or p values in their analyses. The reason for determining these criteria is the necessity
of having these data in order to conduct meta-analysis (Sur, 2022). Studies meeting these criteria were
recorded in the coding key. The total sample size of the studies included in the meta-analysis consisted
of 1,415 participants. The review showed that 25 studies met the criteria for inclusion in the meta-
analysis and 32 data from 25 studies were included in the analysis. Some studies had to take two or
more data from each study. Since Pei and Suwanthep (2019) worked with more than one group, 2 data
from their study, 3 data from the study of Mehrdad, Ahghar, and Ahghar (2012), and because Nguyen
and Trinh (2011) and Takallou (2011) provided different metacognition strategy training to the groups,
more than one data from their studies were included in the meta-analysis. However, four studies were
found to cause publication bias during the analysis process, therefore, five data from these studies had
to be excluded from the analysis. A total of 27 data obtained from 21 studies were used in the meta-
analysis to determine the role of metacognitive strategies training in students’ language learning skills.

Data Analysis
Code lists were created in order to ensure the reliability of the study. These lists included the
name of the study, sample sizes, arithmetic mean and standard deviation values, type of the study, and

5
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the language skill that was aimed to be developed. While creating code lists, a second researcher was
consulted and two different charts were prepared. Three studies that led to disagreement between the
researchers were re-examined and recorded in the coding key when they reached a consensus.

The publication bias of this meta-analysis study was examined using a funnel scatter plot,
Orwin's Safe N calculation, and Egger's regression test. The funnel scatter plot showing the
publication bias of the studies examining the effect of metacognitive strategies training on students’
language learning is shown in Figure 1:

Figure 1.

Funnel Scatter Plot of the Effect of Metacognitive Strategies Training on Students' Foreign Language
Learning Skills

When there is no publication bias, studies are symmetrically distributed on both sides of the
overall effect size vertical line, whereas if there is publication bias, the distribution is concentrated on
one side of the line. In addition, it is possible to argue that there is a potential publication bias if the
studies are concentrated in the lower corner of the triangle (Borenstein et al., 2009). In this study, the
overall effect size is distributed symmetrically on both sides of the vertical line.

Table 2.
Results of Publication Bias Analysis

Bias Status

z value for the reviewed studies 17,702

p-value for the reviewed studies 0.00

Alpha 0.05

Direction 2
z value for Alpha 1.95

The number of reviewed studies 27
FSN 2176
Tau 0.22
z Value for Tau 1.66

p value (tailed) 0.04

p value (tailed) 0.09
Standard error 2.24
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95% lower limit (1-tailed) -1.34
95% upper limit (1-tailed) 7.91
t value 1.46

sd 25
p value (tailed) 0.07
p value (tailed) 0.15

Orwin's Safe N calculation is used to calculate the number of studies that may be missing in
meta- analysis (Borenstein et al., 2009). As a result of the analysis, the number of studies required to
eliminate significance was calculated as 2,176. It was impossible to reach 2,176 studies examining the
effect of metacognition strategies in foreign language education in order to eliminate significance (p >
.05). The funnel plot and Orwin’s Safe N calculation showed no publication bias in the study. In
addition, the result of Egger’s test was not significant (p > .05), which also confirmed that there was
no publication bias in the meta-analysis.

In the analysis of the data, first, it should be decided which standard scores will be converted
from the values obtained from the studies. The values collected from the difference-based studies are
used by transforming them into one of the Cohen’s d, Hedges’ g and Glass A effect size values
(Borenstein et al., 2009). Among these values, the Cohen’s d formula is more appropriate for studies
with a sample size of larger than 20 (Lipsey & Wilson, 2001 as cited in Cirak et. al., 2018). The
sample size of 21 studies analyzed in this study was more than 20. Therefore, the values collected
from the studies were converted into Cohen’s d value and then used. The effect size was calculated
using Cohen’s d coefficient, the standardized mean difference method. According to this method, -.15
< effect size (g or d) < .15 is insignificant, .15 < effect size (g or d) < .40 is small, .40 < effect size (g
or d) < .75 is moderate, .75 < effect size (g or d) < 1.10 is large, 1.10 < effect size (g or d) < 1.45 is
very large, and 1.45 < effect size (g or d) is excellent (Dinger, 2014: 33).

Table 3.
Heterogeneity of the Studies Included in the Meta-Analysis

For Effect size 95%

Mean Confidence Interval

Model n Effect z Standard Lower Upper Q sd 12 p
Size error Limit Limit

Stable 27 0.86 17.43 0.05 0.76-0.96 119.5 26 78.2 0.00

A heterogeneity test was conducted to calculate the overall effect and to select the model that
would be used. The Q value and p value were 240.504 and 0.00, respectively. Since the Q value was
40.11 in the y2 critical value range table for 26 degrees of freedom (df) and 95% significance level, it
was concluded that the studies were heterogeneous. In the 12 analysis, the fact that the values are 25%
and around, 50% and around and 75% and around indicate a low-, a medium-, and a high-level of
heterogeneity, respectively. The 12 value, which was determined as 78% in the current study, indicates
a high level of heterogeneity (Cooper et al., 2009). Since the effect sizes were distributed
heterogeneously, the random effects model was used as the analysis model, and the overall effect size
was calculated as 0.90 within the limits of 0.69 and 0.96 (the overall effect size was calculated as 0.90
—within the limits of 0.76 and 0.96 based on the fixed-effect model).
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FINDINGS

The forest plot showing the effect of metacognition strategies training on students’ language
learning skills is presented in Figure 2 and the findings regarding the effect size values are presented
in Table 4:

Figure 2.
Forest Plot of the Effect of Metacognitive Strategies Training on Students'

Std diff in means and 95% C1

Study Name Statistics for each sudy
Std diff  Standard Lower Upper Z-Value p-Value
Inmeans error Variance limit Limit
Nguyen ve Trinh, 2011 1,180 0283 0,080 0626 173 4172 0,000
Nguyen ve Trinh, 2011 0.850 0265 0,070 0331 1369 3213 0,001
Nguyen ve Trinh, 2011 0,470 0,265 0,070 0040 0980 1776 0,076 F
Suwanthep, 2019 0.860 0387 0,150 0101 1619 2221 0,02
Suwanthep, 2019 0,740 0332 0,110 0000 1300 2231 0,026
Selamath ve Sidhu, 2012 0.980 0245 0.060 0.500 1460 4,001 0,000 —t
Muhid vd., 2020 1,280 0,300 0.090 0.602 1868 4267 0,000
Quakhtani, 2020 2,300 0412 0,170 1,582 3,108 5797 0,000
Cogkun, 2010 1,130 0332 0.110 0480 1780 3407 0,001 -
Mehrdad vd.,, 2012 0,100 0245 0,060 0,380 0,580 0,408 0,683
Mehrdad vd_, 2012 0,800 0,265 0,070 0281 1310 3024 0,002
Mehrdad vd, 2012 0,000 0245 0,060 0480 0480 0000 1,000 ol
Kramarski ve Feldman, 2000 0,790 0283 0,080 0236 1344 2,793 0,005
Dabareravd., 2014 0,550 0245 0,060 0070 1,030 2245 0,025
Tisma, 2016 0,800 0265 0,070 0281 1319 3,024 0,002
Jafari, 2012 1,060 0332 0,110 0410 1710 3,116 0,001
Takallou, 2011 0.480 0245 0.060 0,000 0060 1560 0,050 —
Takallou, 2011 0.010 0245 0.060 0,000 0060 0041 0,967 -
Fenghua ve Chen, 2010 1,050 0224 0,060 0042 1488 4696 0,000
Dousti ve Abolfathiast, 2013 0,820 0245 0,600 0340 1300 3348 0,001
Rasouli vd_, 2013 2,190 0224 0,050 1752 2628 9794 0,000 .
Teng, 2020 1,540 0224 0,050 1102 1978 6887 0,000 —
Rahimirad ve Shams, 2014 1,170 0,300 0,090 0582 1758 3900 0,000
Kanranat ve Yangn, 2013 1,370 0265 0,070 0851 1,889 5178 0,000 -]
Wang, 2009 0.510 0173 0.030 0171 0840 2044 0003
Mahdavi, 2014 1,390 0283 0.080 0.836 1944 4914 0,000 <>
Chou, 2016 0,510 0200 0,040 0,118 0002 2,550 0,011 -1,00 050 000 0,50 1,00
0.865 0,050 0.002 0.768  0.963 17435 0,000
Faveurs A Favours B
Table 4.
The Effect of Metacognitive Strategies Training on Students' Language Learning Skills
S n ESmean p z Serror ESIower ESupper
Gender 27 1,415 0.90 0.00 8.41 0.10 0.69 1.11

Looking at Table 4 and the forest plot, it is seen that the effect size value of metacognition
strategies training on students’ acquiring language skills is (0.90) with a standard error of (0.10).
When the calculated effect value is evaluated together with the forest plot, metacognition strategy
training has a large effect on students’ acquiring language skills.

Within the scope of the research, groups were compared to determine the source of
heterogeneity. The extent to which the students were affected by metacognitive strategy training by
language skills (listening, reading, speaking, writing and vocabulary teaching) and the study group
was examined using Analogue ANOVA analysis. The results are present in Table 5:

Table 5.

Subgroup Analysis Results According to Random Effects Model
95% confidence

Effect St. interval .05
Variable N Size Deviat Lower  Upper sd Confide Qs p
: . - nce
ion Limit  Limit
Level x
Reading 16  0.659 0.066 0.530-0.788
Listening g 1060 0090 (gg31 937 3 1016 7102 06
Language Writing 2 1.295 0.158
0.985-1.605
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Skill Vocabulary 1 1.390 0.283
0.836-1.944
Primary 1 0550 0245  0,070-1,030
school
Study  vigdie 2 1089 0290 0520-1657 2 868 238 03
Group school
Secondary - - - -
School
24 0910 0119 46771 143
University

Table 5 shows that the effect sizes by language skills were 0.659 for reading, 1.060 for listening,
1.295 for writing, and 1.390 for vocabulary. However, the variance between studies by language skills
was not statistically significant (p > .05). The effect sizes were determined as 0.550 for primary
school, 1.089 for secondary school, and 0.910 for university by the study groups. The variance
between studies by the study groups was not statistically significant (p > .05).

CONCLUSION and DISCUSSION

This study investigated the effect of metacognition strategies on students’ acquiring language
skills in foreign language education using the meta-analysis method. The result of the analysis carried
out with 27 data obtained from 21 studies showed that metacognitive strategies training had a large
effect on students’ language learning skills. In addition, the strategy training given in the language
education process has a positive effect on students’ strategy use and learning. Individuals who learn
metacognitive strategies and begin to use them effectively gain significant advantages over those who
cannot use these strategies while learning a new language.

As Vandergrift states, students with high metacognitive awareness find the best ways to apply
and reinforce what they have learned and perform much better than others in processing and retaining
new information (Ghapanchi & Taheryan, 2012). A person may have sufficient knowledge of
vocabulary and grammar; however, if they cannot use them appropriately at the right time and place,
they cannot gain from what they have learned. It is the metacognitive knowledge that enables learners
to adapt what they have learned to new situations. According to Oxford and Crookall (1988), the use
of appropriate strategies improves students” independence, self-direction and learner autonomy, which
are crucial for students to sustain their lifelong learning efforts. This allows them to be responsible for
their own learning (Nguyen & Trinh, 2011: 16). Planning, monitoring and evaluation, which constitute
the three processes of meta-cognitive strategies, prevent the learning process from occurring
spontaneously and ensure that the learner is active throughout the process. The use of strategies in
learning a new language allows one to set goals, identify difficulties in learning reading, listening,
speaking and writing skills, assess the extent to which skills have been learned, select appropriate
methods, check their suitability and modify these methods when necessary, and correct mistakes.
Individuals who take responsibility for their own learning can manage the learning process, process
and store the information they have learned through repetition and practice.

One who is able to use the metacognition strategy makes connections between their previous
knowledge and new knowledge while learning a second language and repeats the information until
they learn it. Repetition is the most effective way of learning knowledge and making it permanent.
Combining new knowledge with previously acquired knowledge and synthesizing it helps learners
understand and make sense of it. When learning a new language, comprehension and interpretation
activities ensure that information is retrieved from long memory when necessary. Metacognitive
strategies play an important role not only in making sense of the knowledge but also in monitoring the
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learner’s own learning. A student who has a strategy can plan and organize the learning process while
learning a new language, monitor whether the processes are running regularly, change the applications
that do not yield results when necessary, and keep their mind awake while performing these processes
(Cemiloglu & Ogur, 2016). In this case, it is seen that the use of strategy is an important factor in
overcoming the difficulties that students may encounter in the foreign language learning process and
in facilitating the learning process.

Within the scope of this study, it was examined whether the studies examining the effect of
metacognitive strategies training on students’ foreign language learning showed significant differences
by language skills and research group. Accordingly, a homogeneity test was conducted to determine
whether there was a significant difference between effect sizes by language skills, and it was found
that the difference between groups was not significant (QS = 7.10, p > .05). Similarly, a homogeneity
test was performed to determine whether there was a significant difference between the effect sizes by
the study groups, and no significant difference was found (QS = 2.38, p > .05). Most of the studies (f =
24) examining the effect of metacognitive strategies training on students’ ability to learn a foreign
language were conducted with university students. The lack of studies examining the role of
metacognition strategy training in high school students’ foreign language learning and the low number
of studies investigating the role of metacognition strategy training in primary and secondary school
students’ foreign language learning are important gaps in the literature.

SUGGESTIONS

1. Providing students with metacognitive strategies training while teaching them foreign
language education is extremely necessary for the efficiency of the learning process.

2. The effects of metacognition strategies training on reading, listening and writing skills have
been examined in the studies; however, no study addressing the effect of this training on speaking
skills was found. In the future, studies examining the effect of metacognitive strategies training on
speaking skills should be conducted.

3. Studies examining the effect of metacognitive strategies training on students’ foreign
language learning selected only university students for the study groups; therefore, future studies
including primary, middle and high school students as samples should be conducted.
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Artificial intelligence is a technological field that mimics human cognitive abilities.
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showed that the most studies were conducted in 2023. Most of the studies on this
subject are articles and papers. The most frequently published languages are English
and Spanish. The results showed that Gwo-Jen Hwang, Melissa Bond and Olaf
Zawacki-Richter are the top three most cited authors in the subject area. “Artificial
intelligence” and “chatgpt” are frequently used keywords. Hong Kong University of
Education and Carnegie Mellon University are the top two institutions with the most
published researchers. Springer Nature, IEEE and Taylor & Francis are the top
publishing journals respectively. Gwo-Jen Hwang is the most co-cited author. The
USA has the highest frequency of cross-country linked publications. It is thought
that this research will be a guide for researchers who want to study in the field and
will increase their knowledge. The research topic has been analyzed in the WoS
database, and it may be recommended to analyze it bibliometrically in other
databases such as Scopus.
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Egitimde Yapay Zeka: Bir Bibliyometrik Analiz

Makale Bilgisi OZET

Gelis Tarihi: 28.09.2024 Yapay zeka insan biligsel yeteneklerini taklit eden teknolojik bir alandir.
Kabul Tarihi: 31.12.2024 Teknolojinin hizli gelismesi, egitimde yapay zek&nin uygulamaya konulmasini
Yayin Tarihi: 31.03.2025  hizlandirmigtir. Arastirmanin amaci, 1981-2024 yillant arasinda Web of Science

(WoS) veri tabaninda indekslenen egitim alaninda yapay zek& konusundaki 4935

Keywords: bilimsel arastirmayi1 bibliyometrik analiz yontemiyle incelemektir. Analiz sonuglar

Yapay Zeka VOSviewer programi ile verilmistir. Arastirmanin bulgulari galismalarin en fazla

Egitimde Yapay Zeka yapildigt yilin 2023 oldugunu gostermistir. Bu konu ile ilgili ¢alismalarin biiyiik

Akilli Ogrenme Sistemleri kismint makaleler ve bildiriler olugturmaktadir. En sik yayin yapilan dillerin baginda

gioblsi}’_ometrik Analiz Ingilizce ve Ispanyolca gelmektedir. Arastirma sonuglart Gwo-Jen Hwang, Melissa
viewer

Bond ve Olaf Zawacki-Richter yazarlarinin konu alaninda en ¢ok atif alan ilk tig
yazar oldugunu gostermistir. “Artificial intelligence” ve “chatGPT” sik kullanilan
anahtar kelimelerdir. Hong Kong Egitim Universitesi ve Carnegic Mellon
Universitesi en ¢ok yaym yapan aragtirmacilarin bulundugu ilk iki kurumdur.
Springer Nature, IEEE ve Taylor & Francis sirasiyla en ¢ok yayin yapan dergilerdir.
En fazla ortak atif yapilan yazar Gwo-Jen Hwang’dir. ABD en yiiksek frekansla
iilkeler arasi baglantili yayin sayisina sahip iilkedir. Bu arastirmanm alanla ilgili
calisma yapmak isteyen arastirmacilara rehber olacagi ve onlarin bilgi birikimlerini
artiracagi diisiinilmektedir. Arastirma konusu WoS veri tabaninda incelenmis olup,
Scopus gibi diger veri tabanlarinda bibliyometrik agidan analiz edilmesi 6nerilebilir.
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INTRODUCTION

According to Minsky, one of the pioneers of artificial intelligence, artificial intelligence (Al) is
defined as the fulfillment of tasks that require human intelligence by machines (Jiang et al., 2022).
While the origins of artificial intelligence date back to the robot drawings of Al Jazari (1136-1206)
(Coskun & Giilleroglu, 2021), its foundations are known to date back to the 1940s. One of the
pioneering works in this field is thought to be the story Runaround, published by American science
fiction writer Isaac Asunov, about a robot developed by engineers Gregory Powell and Mike Donovan
(Haenlein & Kaplan, 2019). The concept of “artificial intelligence” was first expressed by John
McCarthy in 1956 (Melak et al., 2024). Its modern expression dates back to Alan Turing. Known as
the British mathematician and the father of artificial intelligence, Turing developed a code-breaking
machine called The Bombe for England in order to solve the Enigma code used by the Germans
during World War II. The Bombe was able to break the impossible code and made Turing more
curious with its artificial intelligence. Turing published his paper “Computing Machinery and
Intelligence” and developed the Turing test, which is used today (Coskun & Giilleroglu, 2021;
Haenlein & Kaplan, 2019).

The concept of “artificial intelligence” was first expressed by John McCarthy in 1956 (Melak et
al., 2024). Its modern expression dates back to Alan Turing. Known as the British mathematician and
the father of artificial intelligence, Turing developed a code-breaking machine called The Bombe for
England in order to solve the Enigma code used by the Germans during World War II. The Bombe
was able to break the impossible code and made Turing more curious with its artificial intelligence.
Turing published his paper “Computing Machinery and Intelligence” and developed the Turing test,
which is used today (Coskun & Giilleroglu, 2021; Haenlein & Kaplan, 2019).

Artificial intelligence covers a wide range of human cognitive abilities such as problem solving,
learning, reasoning, language processing. Artificial intelligence is a system based on the effort to
simulate and improve human intelligence (Jiang et al., 2022). Research areas of Al include
engineering, psychology, cognitive science, mathematics, computer science and many more. Artificial
intelligence has application areas such as recognizing and processing given speech, analyzing digital
images, pictures, videos, robotic surgery, simulation, health monitoring, health system analysis,
diagnosis of neurological conditions, language processing, intelligent robots, autonomous vehicles,
energy systems (Gondal, Khalid Masud, 2018). With the widespread use of artificial intelligence in
areas such as advertisements, TV series/movies and social media, the concept of artificial intelligence
has reached large masses and has become an intriguing topic (Sacan et al., 2022). The increasing
integration of man-made machines and robots in our daily lives has increased the number of studies on
artificial intelligence (Tellan, 2020).

Considering its increasing capabilities and widespread applications, artificial intelligence is
expected to be integrated into almost every aspect of our daily lives in the future (Kogyigit & Dar,
2023). Artificial intelligence, which has been around since the 1960s, has increased its integration with
education with the development of intelligent tutoring systems (Bond et al., 2024).

Artificial Intelligence (AI) has the potential to overcome the challenges in today's education,
innovate teaching and learning practices, and accelerate progress towards SDG 4. Artificial
intelligence, which can develop different alternatives for an equitable, inclusive, quality education,
brings risks and challenges along with rapid technological developments (UNESCO, 2024).

Pratama, Sampelolo & Lura (2023) found that 88% of the students strongly agreed that Al is
helpful for learning according to the results of the survey they used in their study. According to the
results of the research, artificial intelligence increased engagement with personalized learning
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experiences and positively affected learning outcomes (Pratama et al., 2023). In the study conducted
by Badi, Khan, and Alotaibi (2022), it was determined that instructors and students in higher education
institutions had a positive attitude towards Al-supported personalized learning applications as a result
of the analysis of 91 data sets (Al-Badi et al., 2022). Technological developments in education in
recent years have been the subject of many studies in education as well as in different disciplines.
Today, artificial intelligence applications significantly improve the quality of education in areas such
as course content preparation, individual performance monitoring, and instructional model selection
(Mego & Costu, 2022). While the integration of Al into education systems offers significant
advantages such as personalized learning, it has also brought challenges such as ethical concerns,
privacy concerns, inequality issues and lack of technological literacy (Akyel & Tur, 2024). It is
possible to see many studies in which different technologies are used in education.

The bibliometric analysis method, first used by Pritchard (1969), has gained widespread
popularity in understanding the literature (Zhang et al., 2019). According to Pritchard, bibliometrics is
the analysis of books and other communication tools with mathematical and statistical methods
(Pritchard & Wittig, 1981).

The aim of this study is to examine 4935 scientific researches on artificial intelligence in the
field of education indexed in the Web of Science (WoS) database between 1981-2024 by bibliometric
analysis method and present them to the literature.

Identifying research topics in rapidly developing fields is a complex process for researchers.
This research of the field of artificial intelligence in education will provide researchers with a
comprehensive framework on the current state of the field, potential research topics and gaps in the
literature. The number of artificial intelligence studies in education is increasing in our country and in
the world over time. Through this research, researchers will be able to direct their work in a way that
contributes to the needs and future development of the field.

Research Topic and Problems

The subject of the research is to analyze international scientific research on artificial intelligence
in the field of education. The main problem of the research is to analyze the current status of
international scientific publications on artificial intelligence in the field of education in bibliometric
indicators. Based on this problem, sub-problems were determined as follows:

Studies on artificial intelligence in the field of education,

Studies on artificial intelligence in the field of education,
1. Growth and Spillover Trends
a. How have their numbers and citation data statistics been over the years?
b. What is their distribution according to the types of publications?
c. What is their distribution according to the languages in which they were prepared?

d. What are the journals that publish the most studies?

2. Content and Thematic Analysis
a. How are the most cited authors and the number of studies?
b. How is the social network analysis and usage intensity of common keywords?

(What are the most frequently used keywords?)
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c. What is the distribution of authors according to the institutions they work for?

3. Collaboration and Impact Analysis
a. What are the countries and collaborations in co-authorship analysis?

Literature Review

Bibliometric analysis is an effective tool that structures research areas, reveals interdisciplinary
connections, identifies important authors and studies that identify gaps and current trends in the
literature (Block & Fisch, 2020). The bibliometric analysis method, which has a wide range of
applications, offers the opportunity to examine the scientific literature in depth with different analysis
techniques and statistical approaches (Kaleci, 2023). Bibliometric studies provide researchers with the
opportunity to access the information required before the research in the shortest time possible.
Bibliometric studies provide researchers with the opportunity to access the information required before
the research in the shortest time possible.

Many studies have been conducted in the literature on artificial intelligence in the field of
education. There are studies examining the use of artificial intelligence tools in terms of academic and
educational integrity (Bozkurt, 2024). When the related literature was examined, studies revealing the
trends of studies on artificial intelligence in the field of educational sciences were observed (Glizey et
al., 2023; Akdeniz & Ozding, 2021; Tekin, 2023; Hwang & Tu, 2021; Zawacki-Richter et al., 2019).
When the related literature was examined, studies on how artificial intelligence will contribute to
education, how it will improve education, and what are the artificial intelligence applications used and
can be used in education were seen (Arslan, 2020; Savas, 2021; Mego & Costu, 2022; Tekin, 2023;
Aktay, 2022; Akdeniz & Ozding, 2021; Chiu et al., 2023; Chiu, 2021; Chen et al., 2022; Lee et al.,
2022; Chan, 2023; Wu & Yu, 2024). Cooper (2023) conducted a study on the use of artificial
intelligence in science education and talked about the use of ChatGPT in education.

According to the research findings, there were concerns about the inadequacy of training on
artificial intelligence and plagiarism (Sanchez Vera, 2023). Chaudhry et al. (2022) investigated the
transparency requirements of Al in education for different stakeholders such as educators, educational
technologists, and Al practitioners.

This study provides a detailed and comprehensive picture for researchers who want to work in
the field of artificial intelligence in the field of education. It is thought that this research will guide
researchers to identify different and current study topics for the related field. The examination of
scientific studies on artificial intelligence in the field of education indexed in the WoS database has
scientific necessity and importance in terms of determining the international effectiveness and change
trends of the field.

It is thought that investigating international studies on artificial intelligence in the field of

education with bibliometric analysis method will guide researchers who want to work on this subject
and increase the knowledge of researchers.
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Theoretical Framework
Artificial Intelligence

As a result of many years of efforts, artificial intelligence has become available in every field
and has offered the opportunity to turn humanity's dreams into reality. Artificial intelligence adapts
human characteristics such as decision-making, learning and generalization by using computers and
software (Elmas, 2021). Robots that can recognize faces (SONY SDR-4X), driverless cars (Toyota
Ruis, the first car on the road), robots with human emotions (robot developed by Professor Fumio
Hara at the University of Tokyo), Infravoice System that makes life easier for the visually impaired
(thanks to the headset developed at the Royal National Institute in the UK), unmanned aerial vehicles
(UAV-drones), robots that can imitate human limbs (Meltant-a Avatar Robot that can imitate the
human hand), quantum computers (computers that can solve complex, unsolvable problems in
seconds) are some of these areas of use (Nabiyev, 2021). The rate of technological progress has far
surpassed predicting the areas of use of artificial intelligence.

Artificial Intelligence in Education

Artificial intelligence, which was previously the subject of science fiction movies, is now
integrated into many fields. Artificial intelligence has brought and continues to bring revolutionary
innovations in areas such as discovery, learning and communication (Goralski & Tan, 2020). Artificial
intelligence offers many advantages such as improving the quality of learning in students, creating
student-centered learning paths, and providing students with timely feedback on their learning
(Ouyang et al., 2023). In the context of education, artificial intelligence offers teachers opportunities
such as preparing course content, facilitating performance and written assessments.

Artificial intelligence such as chatbots and virtual tutors tools increase the effectiveness of
cognitive learning mechanisms, enabling students to personalize learning processes. Thanks to these
tools, students' knowledge acquisition, problem solving and comprehension skills are analyzed in real
time learning difficulties are identified (Elshansky, 2021). In line with the data obtained, alternative
learning that will enable students to achieve their learning goals environments are created and learning
strategies are developed. As a natural consequence of these developments, artificial intelligence in
education has become a rapidly growing and developing research area.

METHOD

In this study on artificial intelligence in the field of education, a descriptive research model
based on the quantitative research design approach was applied. Descriptive research describes the
current characteristics of an event, phenomenon or situation (Biiylikoztiirk et al., 2018). Bibliometric
analysis method and scientific field mapping method were applied in the study. In the study,
bibliometric analysis of scientific publications was carried out by searching the keywords “Artificial
Intelligent” or “Al” based on “subject” in the WoS database.

The bibliometric analysis method provides the types of documents on the subject, the sources
that contribute most to the subject, the most used keywords related to the subject, the most cited
authors, and more (Harnal et al., 2024).

Research Design

In this research on artificial intelligence in the field of education, descriptive research model
based on quantitative research design approach, bibliometric analysis method and scientific field
mapping technique were used.

19



Ahmet Kelesoglu Faculty of Education Journal (AKEF

Data Collection Tools

Web of Science (WoS) is one of the most frequently used databases in the world and researchers
from more and more countries are involved in the use of this database in academic articles (Zhu & Liu,
2020). In this study, Web of Science (WoS) database was preferred as a data source. WoS contains
different types of documents such as full-text articles, proceedings, reviews, book chapters. WoS is an
important data collection tool that provides a comprehensive coverage of scientific studies.
VOSviewer program was used to create and visualize bibliometric maps. The detailed and practical
interpretation of the graphical representation of large bibliometric maps and the fact that it is free of
charge have made the VOSviewer program preferable (Van Eck & Waltman, 2010). The studies to be
included in the bibliometric analysis were added to the Zotero source data management application.
The difficulties in finding, editing and citing sources in academic studies have made it appropriate to
use the free Zotero application, which provides practicality in these areas (Idri, 2016).

Data Collection Process

In the data collection phase, in May 2024, using the keywords “Artificial Intelligence” or “Al”
in the WoS database, “subject” was selected as the search criteria, “Education Educational Research”
and “Education Scientific Disciplines” were selected in the Web of Science categories, and “Article”,
“Proceeding Paper”, “Review Article”, “Early Access”, “Book Chapters” and “Book” were selected in
the document type, and 4935 academic studies on the subject were examined by bibliometric analysis
method according to the search results. VOSviewer program was used to create and visualize
bibliometric maps. While obtaining search data, the time interval was preferred as “all time interval”.
After selecting the filtering criteria, the studies to be included in the bibliometric analysis were added
to the Zotero source data management application.

Necmettin Erbakan University Library preferred Web Of Science as a database with
remote access.

4

{ The keywords “Artificial Intelligence”, “Al” were preferred using “OR”. J

\ 4

The Web of Science categories “Education Educational Research” and “Education
Scientific Disciplines” were restricted.

$

As aresult of the criteria, 4935 studies were submitted to the VOSwiever program to
respond to the research problems with numerical and visual analysis data.

Figure 1. Working Schematic
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Data Analysis

The data of this study were analyzed bibliometrically. Bibliometric analysis is a rigorous
method used to map data results (Donthu et al., 2021). This method has become an indispensable part
of the scientific field with the information it provides (Ellegaard & Wallin, 2015). VOSviewer, a free
computer program developed for the creation and visualization of bibliometric maps, has an important
position in the graphical representation of bibliometric studies (Van Eck & Waltman, 2010). The data
of this study were visualized with bibliometric maps using VOSviewer, a bibliometric analysis
software. The data obtained were presented as tables and graphs through Word program.

Validity and Reliability of the Study

Validity and reliability are the two most important criteria that determine the value of research.
Validity in a quantitative research is closely related to the degree to which the collected data reflect the
reality (Yildirmm & Simsek, 2021). The VOSviewer program used for the analysis of the numerical
data obtained, the bibliometric analysis method used in the research, the Web Of Science database that
provides the data set of the research are important for the reliability and validity of the study. In this
study, the validity and reliability of the research were kept at a high level, based on the opinions of the
most frequently cited authors in the field and reliable sources published by internationally recognized
institutions. In order to ensure the validity of the research, how the data were obtained, the details of
the inclusion and exclusion criteria applied before the formation of the maps, and the steps of the
process were given in a clear and understandable manner. Thus, validity and reliability were increased.
In order to ensure the reliability of the research, the findings were presented without the author's
interpretation and the consistency between the data was taken into consideration. In the conclusion and
discussion section, the findings obtained in the study were supported by the literature. Since there was
no human participation in this study, ethics committee approval was not required.

FINDINGS
Data on research on artificial intelligence in education are presented in tables and figures.

Statistics for the Research Study
The findings of the research study are given under headings.

Findings on the Number of Studies and Citation Data Statistics by Years

Citation analysis statistics for the outcome data related to the research topic are presented in

Figure 2.
Publications Citing Articles Times Cited 65
4,935 20,137 anaiyze 29,944 6.07 —
Total Total Total Average per item
From 1975v to 2024 v 18’386 ANy ze 23,301

Without self-citations . o st
Without self-citations

Figure 2. Citation Analysis of Studies on Artificial Intelligence in Education (WoS May, 2024).
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As seen in “Figure 27, it was determined that there were 29944 citations belonging to 4935
studies for the year 1981 and after. Each study has an average citation rate of 6.07. The H-index value
was found to be 65. As a result of the data obtained from the WoS database, the data ranges of the
research studies published by the authors related to the study of artificial intelligence and the change
of the studies depending on the citation data over time are given in Figure 3.

1000 -
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Publications - Citations

Figure 3. Research Numbers and Citation Data by Year (1981 and later) (WoS, May, 2024)

“As can be seen in Figure 3, there has been an increase in the number of studies on artificial
intelligence from 2007 onwards, and this increase has not been due to a constant acceleration. Until
2023, it was determined that there was an increase in the number of citations to studies. It was
determined that the first research on this subject was conducted in 1981 and the most intensive studies
were conducted in 2023 with 1087 studies.

Findings on Frequency Distribution According to Publication Types

The density distribution of studies published in WoS on artificial intelligence in education
according to publication types is shown in Figure 4.

1926; 38%
4;0.081%
3; 0.061%
8;0,162Y
2750; 54% t %
‘5; 0.101%
Article Proceeding Paper = Early Access
= Retracted Publications = Book Reviews = Letters

m Publications Expressing Concern

Figure 4. Distribution of Data on Artificial Intelligence by Publication Types (WoS, May, 2024)
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“As can be seen in Figure 4, the majority of academic studies published on artificial intelligence
are articles (f= 2750, 55.724%), followed by papers (f=1926, 39.027%), early access (=422, 8.551%)),
retracted publications (=8, 0.162%), book reviews (f=5,0.101), letters (f=4, 0.081) and publications
expressing concern (f=3, 0.061). The types of publications with lower percentages in the pie chart are
visualized more clearly with an additional pie chart to the right of the pie chart for a clearer
understanding of the chart. The first number indicates the frequency of the publication types and the
second number indicates the percentage of these types in the research.

Findings on the Distribution According to the Languages of Preparation

The distribution of the languages in which the studies on artificial intelligence in education were
published in WoS is shown in Table 1.

Table 1. Distribution of Academic Studies on Artificial Intelligence by Languages Tablo 1.

No Languages Frequency Percentage (%)
1 English 4768 96.616
2 Spanish 93 1.884
3 Portuguese 17 0.344
4 Russian 17 0.344
5 Chinese 13 0.263
6 French 4 0.081
7 Turkish 4 0.081

“As can be seen in Table 1, the languages with the most intensive use in relation to this topic are
English (f=4768, 96.616%), Spanish (f=99, 1.884%), Portuguese (f=17, 0.344%), Russian (f=17,
0.344%), Chinese (=13, 0.263%), French (f=4, 0.081%) and Turkish (f=4, 0.081%).

Findings on the Most Cited Authors and Number of Studies

In order to obtain information about the number of citations and studies of the authors on this
subject, the criteria of at least 2 studies produced by an author and at least 20 citations to the studies
produced by the author were applied and the visual of the data obtained by applying the criteria is
shown in Figure 5 through VOSviewer. The high number of citations of a single study may be
coincidental or may be related to the popularity of the topic in the year of the study. Since the
evaluation of a single study may not accurately represent the overall impact of the author, the
number of studies was set to at least 2. The number of citations of the author was chosen to be
at least 20 to ensure that the map is both comprehensive to include important authors and free
from the complexity that may arise due to frequent data. The selection criteria were evaluated
in each case and varied.
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Figure 5. Author Citation Network Map Visualization (VOSwiever, May ,2024)

As seen in “Figure 57, the most cited authors in the field of artificial intelligence in the field of

education are presented with a network map. 438 out of 13267 authors met the threshold value

determined in the program by conducting a minimum of 2 studies on artificial intelligence and

receiving at least 20 citations. 19 clusters, 357 items and 2522 links were identified. The data of these

authors are given in Table 2.

Table 2. Authors with the Most Cited Data and Number of Studies (VOSwiever, May, 2024)

No Author Number of Studies Number of Citations
1 Gwo-Jen Hwang 24 605
2 Melissa Bond 2 506
3 Olaf Zawacki-Richter 2 500
4 HXie aoran 15 394
5 Ahmed Tlili 9 373
6 Ronghuai Huang 7 370
7 Aras Bozkurt 7 358
8 Boulus Shehata 2 341
9 Bruce M. Mclaren 10 338
10 Thomas K.F. Chiu 17 321

“As seen in Table 2, the 10 most cited authors are Gwo-Jen Hwang (605), Melissa Bond (506),
Olaf Zawacki-Richter (500), Haoran Xie (394), Ahmed TIili (373), Ronghuai Huang (370), Aras
Bozkurt (358), Boulus Shehata (341), Bruce M. Mclaren (338) and Thomas K.F. Chiu (321).
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Accordingly, Gwo-Jen Hwang, the most cited author, is in a central position with his works and has
influenced other authors. Melissa Bond and Olaf Zawacki-Richter are among the authors with the
highest number of citations (506 and 500) despite having 2 studies.

Findings on Social Network Analysis and Usage Intensity of Commonly Used Keywords
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Figure 6. Common Word Analysis Layer (Visualization) Map Image in the Context of Author
Keywords (VOSwiever, May, 2024)

In the co-occurrence analysis of keywords in Artificial Intelligence themed studies, the
minimum number of repetitions was set as 10 and the results of the search are given in Figure 6. With
this restriction, 219 out of 10248 keywords met the threshold value.

The areas of research on artificial intelligence and the social interaction network between these
areas are shown in Figure 6. In this map, large circles represent the most used keywords and colors
representpast and current (most popular) keywords. When the keyword network graph of the studies
on artificial intelligence was analyzed, it was found that the keywords were grouped under 8§ clusters
and 218 topics.

The 10 keywords with the highest frequencies and relevance among the keywords in these
subject groups are presented in Table 3.
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Table 3. Table of Frequency and Connection Strength of Commonly Used Keywords
(VOSwiever, May, 2024

No  Keyword Frequency Connection
Strength
1 Artificial intelligence 1267 2323
2 Chatgpt 388 1037
3 Education 278 720
4 Machine learning 267 605
5 Higher Education 218 477
6 Al 182 541
7 Generative Al 116 349
8 Medical Education 100 346
9 Natural Language processing 91 290
10 Learning analytics 89 169

As seen in “Table 3”, the most used keywords related to this topic is artificial intelligence
(f=1267, ¢s=2323), followed by chatgpt (f=388, cs=1037) which is popular today, education (f=278,
cs=720), machine learning (f=267, cs=605), Al (=182, cs=541), Higher Education (f=218,
cs=477), Generative Al (f=116, cs=349), Medical Education (=100, cs=346), Natural
Language Proces (=91, ¢s=290), Learning Analytics (f=89, cs=169).

In bibliometric analysis studies, density visualizations are given with two types of mapping.
These are “item density” maps and “cluster density” maps (Oztiirk & Giirler, 2022). Figure 7 shows
the item density map visual for keywords.
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Figure 7. Visualization of the Keywords' Item Density Map (VOSwiever, May, 2024)
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The colors in the item density maps indicate the number of studies on a particular topic. “As
seen in Figure 7, artificial intelligence, ChatGPT, education, machine learning and Al are among the
most intensively studied sub-topics.

Findings Regarding the Distribution of Authors According to the Institutions Where They
Work

In order to look at the distribution of research on artificial intelligence according to the
institutions where the authors work, the criteria of at least 2 publications in each institution and at least
30 citations to published studies were selected and 349 out of 4178 institutions met the threshold.
Since some institutions were not linked to each other, 289 institutions that formed large linkage
clusters from the dataset were included in the analysis. The map associated with the screening results
is given in Figure 8.

In the research, when the distribution network graph of artificial intelligence researches
according to the institutions where the authors work was examined, it was seen that the institutions
were grouped under 14 clusters and 289 topics.
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Figure 8. Network Map Visualization of the Distribution of Research on Artificial Intelligence
According to the Institutions where the Authors Work (VOSwiever, May, 2024)

The data on the number of citations and studies of the institutions in research on artificial
intelligence are given in Table 4.
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Table 4. Institutions Where Authors Work in Research on Artificial Intelligence (VOSwiever, May,
2024)

No Institutions Number of studies Citation Count
1 The Education University of Hong Kong 53 736
2 Carnegie Mellon University 55 705
3 National Taiwan University of Science and 32 644

Technology
4 Beijing Normal University 44 600
5 Carl von Ossietzky University of Oldenburg 4 501
6 The Chinese University of Hong Kong 51 487
7 Monash University 47 471
8 University College London 41 458
9 The University of Edinburgh 28 401
10 RWTH Aachen University 7 391

As seen in “Table 47, the top three institutions with authors publishing on artificial intelligence
are Hong Kong University of Education (f=736), Carnegie Mellon University (f=705) and National
Taiwan University of Science and Technology (f=644).

Findings on the Distribution of Journals Publishing the Most Studies

The journals that published the most scientific studies on the subject are presented in Table 5
according to the results of Web of Science database analysis.

Table 5. Journals Publishing the Most Research (WoS, May, 2024)

No Journal Name Frequency Percent (%)
1 Springer Nature 757 15.318
2 IEEE 463 9.369
3 Taylor & Francis 431 8.721
4 Assoc Computing Machinery 254 5.140
5 Wiley 232 4.694
6 Assoc Advancement Artificial Intelligence 197 3.986
7 Elsevier 188 3.804
8 lated-Int Assoc Technology Education & Development 171 3.460
9 Sage 146 2.954

10 Emerald Group Publishing 89 1.801

“As seen in Table 5, Springer Nature (f=757, 15.318 %), IEEE (f=463, 9.369 %), Taylor &
Francis (f=431, 8.721 %) are the top three journals with the highest number of research publications
on this subject respectively.
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Findings on Authors' Co-Citation Analysis in the Context of Cited Authors
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Figure 9. Authors' Co-Citation Analysis Network Map Visualization (Voswiever, May, 2024)

In the study, “co-citation” was selected as the type of analysis, “cited authors” was selected as
the unit of analysis, the minimum number of documents was set at 50, and 146 authors met the
threshold value. The co-citation analysis map of the authors with citation data is presented in Figure 9
through the VOSwiever program.

According to the network map of the co-citation analysis of the studies in the context of the
cited authors, it was seen that the institutions were grouped under 7 clusters and 146 topics.

Table 6. Co-Citation Analysis Table in the Context of Cited Authors (Voswiever, May, 2024)

No Authors Common Citation Total Link
Count Strength

1 Gwo-Jen Hwang 356 2688
2 Unesco 241 1410
3 Openai 239 1422

4 Thomas K.F. Chiu 228 2167

5 Olaf Zawacki- Richter 219 1821

6 Rose Luckin 199 1374
7 Ben Williamson 180 950

8 Wayne Holmes 171 1694

9 Neil Selwyn 161 1043
10 Joseph F. Hair 159 1536
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“As seen in Table 67, the author with the highest number of co-citations is Gwo-Jen Hwang
(356).

Findings on Countries and Collaborations in Coauthorship Analysis
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Figure 10. Network Map of Countries and Collaborations in Co-Authorship Analysis of Studies
Related to Artificial Intelligence (Voswiever, May, 2024)

In the co-authorship analysis of studies on artificial intelligence, in order to look at the cross-
country collaboration of publications, a search was made with the condition that each country should
have a minimum of 4 studies and a minimum of 4 citations, and it was seen that 83 out of 121
countries met the specified threshold values. Of these countries, 79 countries with high connections

were included in the data analysis and the analysis map is given in Figure 10 through the VOSwiever
program.

In the co-authorship analysis of the studies, when the network graph presenting the cross-
country collaborations of the publications was examined, it was seen that the institutions were grouped
under 10 clusters and 79 topics.

Table 7. Top 10 Countries in Co-authorship Analysis of Publications and Collaborations

No Countries Number of Number of
Studies Citation
1 United States of America 1131 8557
2 Chine 672 4432
3 England 320 2270
4 Australia 257 2163
5 Taiwan 196 1999
6 Germany 219 1816
7 Canada 198 1431
8 South Korea 109 1209
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9 Spain 249 1103
10 India 133 730

“As seen in Table 7, the USA has the highest number of cross-country linked publications with
the highest frequency (number of studies=1131, number of citations=8557). The top 5 countries
following the USA are People's Republic of China (number of studies=672, number of
citations=4432), England (number of studies=320, number of citations=2270), Australia (number of
studies=257, number of citations=2163), Taiwan (number of studies=196, number of citations=1999),
Germany (number of studies=219, number of citations=1816).

China is at the forefront of artificial intelligence in education. China's desire for global
leadership in this field, formalizing existing investments and increasing budget investments in this
field with the presentation of the National Artificial Intelligence Strategy to the public in 2017, paved
the way for it to become a global pioneer in the field of artificial intelligence (Sahin, 2023).

CONCLUSION and DISCUSSION

Within the scope of this study, firstly, a detailed literature review was conducted and
bibliometric analysis studies on artificial intelligence in the field of education were examined. WoS
database was used for the literature review and inclusion and exclusion criteria were determined. The
studies considered to be included in the study were added to the Zotero bibliography management
system. In the study, 4935 academic studies conducted between 1981 and 2024 were analyzed. In the
study, the number of studies and citation statistics by years on the subject of artificial intelligence in
education, the distribution of the number of publications according to publication types, the writing
languages of the studies, the most cited authors and the number of studies, keyword analysis and usage
intensity, the distribution of studies on artificial intelligence according to the institutions where the
authors work, the journals with the most academic publications, countries and collaborations in co-
authorship analysis were examined under the headings, and the data obtained from the analysis were
presented. According to the results of the research:

It was observed that there was an increase in the studies on artificial intelligence in education in
2007 and after and that this increase was not due to a constant acceleration. The year with the highest
number of studies was determined as 2023 with 1087 studies. It is thought that the reason for the
decrease in the number of studies in 2024 may be related to the fact that the study was conducted in
May 2024. The 2024 research findings showed that the H-index value was 65 and there were 6.07
citations per study.

The first academic study on artificial intelligence in education was John P. Gallagher's article in
1981. Gallagher (1981) experimentally evaluated two design features of an artificial intelligence
system used to improve problem solving skills.

Most of the academic studies published on this subject are articles (55.724%, f=2750) and
papers (39.027%, £=1926).

Articles are considered the most valuable type of academic publication because they are
evaluated by impartial referees in periodicals. Unlike other types of publications, articles place more
emphasis on discussion and conclusions. Papers, which are used to present the results of studies, are
especially practical for novice researchers, and more qualified works can emerge thanks to the
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exchange of information during the presentation through papers (Dinger, 2021). These situations may
have revealed the ratio results in the research findings.

According to the results of the research, the most studied language is English (f=4768,
96.616%). English is followed by Spanish (f=93, 1.884%) with a much lower rate. The widespread use
of English as a language of science and the fact that most of the journals in comprehensive database
platforms such as Web of Science (WoS) have adopted English as the language of publication may be
considered as the reason why English language is preferred more than other languages in publications.

The 6 most cited authors are Gwo-Jen Hwang (605), Melissa Bond (506), Olaf Zawacki-Richter
(500), Haoran Xie (394), Ahmed Tlili (373) and Ronghuai Huang (370). Gwo-Jen Hwang's work is
central and has influenced other authors. Melissa Bond and Olaf Zawacki-Richter are among the
authors with the highest number of citations (506 and 500) despite having 2 studies. Despite having a
limited number of studies, their high number of citations indicates that their work has had a significant
impact in this field. The most co-cited author is Gwo-Jen Hwang (356).

Hwang & Tu (2021) investigated the role of artificial intelligence in mathematics education
with bibliometric mapping analysis. In addition, Lee et al. (2022) applied an artificial intelligence-
based chatbot to students and showed that artificial intelligence-based chatbots positively affected
students' motivation, academic performance, and learning attitude. Chiu et al. (2023) investigated how
to integrate artificial intelligence into the learning, teaching, assessment and management parts of
education. In another study, Chiu (2021) developed a curriculum design model for the applicability of
artificial intelligence in K-12 schools. Zawacki-Richter et al. (2019) systematically reviewed the
research on Al applications in higher education. They found that the articles were mostly written in
Computer Science and STEM disciplines. In another study, Zawacki-Richter et al. (2024) investigated
various effects of artificial intelligence in higher education.

Common-word analysis identifies research topics and themes in a field (Oztiirk & Giirler,
2022). Layer visualization can identify the most popular common words by analyzing changes over
time and can offer researchers practicality in identifying research topics in a field. It was determined
that the most used keywords related to the subject were “artificial intelligence” (f=1267, bg=2323) and
“ChatGPT” (f=388, bg=1037), which is one of today's popular applications.

ChatGPT is an artificial intelligence tool with high accessibility potential that students are
increasingly using (Cotton et al., 2023). ChatGPT facilitates learning and teaching with its self-
improvement capability and personalized and acceptable responses (Farrokhnia et al., 2024). ChatGPT
can create practice questions for students on a specific topic and help them get feedback on the topic
(Lodge et al., 2023). All these advantages have made the ChatGPT artificial intelligence tool one of
the most studied topics in the research field. The USA is the most active country in the field of
ChatGPT, but other countries such as China, Australia and Italy have also conducted significant
research in the field of ChatGPT (Duran & Aydin, 2024).

The top five institutions where the authors worked or were supported were Hong Kong
University of Education (f=736), Carnegie Mellon University (f=705), National Taiwan University of
Science and Technology (f=644), Beijing Normal University (f=600), Oldenburg Carl Von Ossietszky
University (f=501). When we examine the 10 universities that attract the most attention in artificial
intelligence in education, we see 5 universities from the European region, 4 universities from the
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Asian region and 1 university from the American region.

The 10 journals that published the most studies on the subject are given in the table. Springer
Nature (=757, 15.318 %), IEEE (f=463, 9.369 %), Taylor & Francis (f=431, 8.721 %) are the first
three journals with the highest number of research publications respectively.

It was observed that the USA had the highest number of cross-country linked publications with
the highest frequency (number of studies=1131, number of citations=8557). The top 5 countries
following the USA are People's Republic of China (number of studies=672, number of
citations=4432), England (number of studies=320, number of citations=2270), Australia (number of
studies=257, number of citations=2163), Taiwan (number of studies=196, number of citations=1999),
Germany (number of studies=219, number of citations=1816).

The efficiency, national security and social benefits of artificial intelligence have paved the way
for countries to compete for global leadership in artificial intelligence (McLaughlin, 2021). Although
the US is the leader in the field of artificial intelligence, it faces the risk of falling behind in this field
with the rapid steps taken by China (Saygili, 2020). The artificial intelligence policies adopted by
China within the framework of its desire for global leadership have further strengthened the country
with the adoption of the National Artificial Intelligence Strategy in 2017, making it one of the leading
countries on a global scale (Sahin, 2023).

Artificial intelligence technologies offer significant potential for balancing personalized
learning and equity in education. Thanks to Al, students have the opportunity to manage their own
learning processes, work in collaborative environments and benefit from autonomous assessment
mechanisms (Al-Badi et al., 2022). This situation both increases students' motivation and encourages
their active participation in learning processes. In traditional education systems, personalized learning
is often limited by high costs and various challenges. Artificial intelligence applications, on the other
hand, can provide educational materials and methods suitable for the individual needs of each student.

With the increasing use of artificial intelligence technologies in the field of education, various
ethical issues such as privacy, surveillance and bias have come to the fore. The most prominent of
these issues is the protection and privacy of individuals' personal data. The fact that artificial
intelligence systems collect and analyze students' personal data has raised the issue of privacy (Akgun
& Greenhow, 2022). The capacity of Al to predict students' future preferences and actions raises
ethical concerns.

LIMITATIONS and RECOMMENDATIONS

Researchers who want to conduct studies on artificial intelligence in the field of education will
be able to identify internationally important sources, authors, institutions, countries and keywords in
the light of the findings of this study. Keyword analysis will provide practicality for researchers to
customize their research topics. Web of Science database, which provides access to effective and up-
to-date publications, was used in the research and the research was limited to this database. This
research topic can become more comprehensive with other databases. The research was conducted in
May 2024 and the study can be repeated in the future to get healthier results for the year 2024. In this
study, a bibliometric analysis of the studies on artificial intelligence in the field of education was
conducted. Today, bibliometric analysis studies can be conducted on ChatGPT, an artificial
intelligence tool that is increasing in popularity in the field of educational sciences.

According to the results of the analysis, the important issue of ethics related to the subject can

also be made a research topic. Analyses can be made on issues such as prejudices and data privacy
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related to artificial intelligence in the field of education. Studies can be conducted on how Al-
supported education systems can be designed within the framework of ethical principles. A current
research can be conducted to develop policy recommendations to increase the use of artificial
intelligence in education and to eliminate prejudices against artificial intelligence. According to the
results of the analysis, current research on machine learning can be conducted. It can be examined
how differences in education systems affect artificial intelligence research areas. Differences in the
trends of research on artificial intelligence in the field of education in developed and developing
countries can be examined. Research can be conducted on the problems faced by teachers in using
artificial intelligence tools. Research can be conducted to develop special artificial intelligence
applications for students with learning difficulties.

As a result of the findings presented in the research, it is possible to say that the studies on the
use of artificial intelligence in the category of education have increased over time and as a result, a
wide research scope will exist in educational sciences. This scope will be a factor in updating and
shaping the policies of academic studies and educational sciences.
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Herkes igin kaliteli egitimin temin edilmesinde 6gretmenlerin tutumlart 6nemli bir
rol oynar. Bu dogrultuda mevcut calismada &gretmenlerin kapsayici egitime (KE)
yonelik tutumlart ve bu tutumlari etkileyen faktorler Tiirkiye baglaminda karma
arastirma yontemiyle incelenmistir. Arastirma sonucunda, dgretmenlerin kapsayict
egitime dair dar anlayisa ve karigik tutumlara sahip oldugu ortaya ¢gikmistir. Ayrica
0zel egitim ihtiyacinin tiirii ve siddetinin 6gretmenlerin kapsayici egitime yonelik
tutumlarinin - énemli  bir yordayicist oldugu bulunmustur. Ayni zamanda
ogretmenlerin tutumlarm sekillendiren konuya iliskin bilgi ve egitim eksikligi ve
0zel egitime ihtiyac1 olan bireylerle birebir deneyim KE‘in oniindeki en biiyiik
engeller olarak belirlenmistir. Arastirma sonuglart Ogretmenlerin KE‘e yonelik
olumlu tutum gelistirerek egitim ortamlarinda daha kapsayict bir yaklasim
benimsemeleri i¢in toplumsal diizeyde bir alg1 degisikliginin, 6gretmenler ve aday
Ogretmenler icin profesyonel gelisim odakli egitimlerin, paydaslar arasinda siki is
birligi kurulmasinin gerekliligini ortaya koymaktadir.
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INTRODUCTION

Inclusive education, which supports high-quality, fair learning opportunities for
everyone, ensuring no one is excluded (UNESCO, 2020), has gained momentum and priority
in the global agenda with the declaration of the Salamanca Statement (UNESCO, 1994).
Since then, governments around the world have confirmed their commitments to this, and
following global initiatives such as the Dakar Framework for Action (UNESCO, 2000) and
Education 2030 (UNESCO, 2016), they have implemented inclusive policies to ensure
education for all. Despite the efforts to leave no one behind, inequalities and barriers persist
for too many learners to access quality education, which has even deteriorated with the
outbreak of the COVID-19 pandemic (UNESCO, 2020).

Although inclusive education is emphasized and even guaranteed in political
documents, as the implementers of these policies, teachers’ perceptions of the
accommodation of all children with individual differences and needs in diverse classrooms
may differ (Savolainen et al., 2020). Considering that in an inclusive school context, it is a
prerequisite to meet all students® learning needs and ensure their safety (Nougaret, 2005),
positive attitudes towards inclusion play a critical role to ensure education for all in practice
in line with the policies.

In this context, investigating teachers‘ attitudes towards inclusion has gained attention
by researchers in recent years (Avradimis et al., 2020). There have been quite many studies
conducted on this popular subject around the world (Savolainen et al., 2020), and Tiirkiye is
no exception. Nevertheless, in most of these studies, the notion of inclusion is associated with
students with special educational needs and disabilities (SEND), mostly with a narrower
conceptualization of inclusion. Similarly, inclusive education in Tiirkiye is generally
conceptualized as limited to the education of children with SEND and children of Syrian
refugees (UNICEF, 2011). Therefore, to contribute to the related literature with a broader
conceptualization of inclusive education, the aim of this research is to investigate the factors
affecting teachers® attitudes towards inclusion of all students in a diverse teaching context in
Tirkiye.

Towards Inclusive Education: Do Teachers’ Attitudes Matter?

Teachers are the key factors in successful implementation of inclusive education
policies since they are the ones with whom the students interact most in their immediate
settings at schools. The relationship students have with their teachers influences their
progress, and at this point, teacher attitudes play a crucial role (Boyle et al., 2020). Because
according to Ajzen (2005), values and attitudes shape the actual behavior. Hence, teachers*
attitudes towards inclusion should be investigated to get better insights about the dynamics of
IE with the aim of turning inclusive policies into real classroom practices (Fives et al. 2008).

In this regard, as a first step, it is important to understand the nature of teachers’
attitudes. Ajzen (2005, p. 3) defines attitudes as —a disposition to respond favorably or
unfavorably to an object, person, institution, or event." According to Eagly et al. (1993),
attitudes are formed by three components: cognitive (beliefs and knowledge), affective
(feelings and emotions), and behavioral (actions or responses), which is adopted as a model
in this study.

It is acknowledged that successful implementation of inclusive education policies
largely depends on positive teacher attitudes (Avradimis et al., 2000; Boyle et al., 2020;
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Saleem, 2017; Saloviita, 2020). Because —commitment to inclusion begins with each
educatorl (Boyle et al., 2012, p. 77). However, it should also be noted that teachers in favor
of inclusion may also feel themselves insufficient to implement inclusive provision (Forlin et
al., 2009). Positive attitudes are crucial, yet not enough alone to ensure IE. In this regard,
rather than just focusing on whether teachers hold positive or negative values to IE,
understanding the factors shaping teacher attitudes and the barriers against it will provide
more crucial and fruitful insights to support teachers to implement inclusive practices in the
classroom.

Inclusive Education in Tiirkiye

As a developing country, the Turkish education system relies on Article 42 of the
Constitution, which guarantees the right to education for everyone for free and compulsory at
public schools (Constitution of the Turkish Republic, 1982). Furthermore, Tiirkiye has also
declared its commitment to the global initiatives like the Salamanca Statement, the Dakar
Framework for Action, Education 2030, etc.; however, IE still —exists under the umbrella of
the special education systeml (Erkilig et al. 2013, p. 466). Therefore, it is no surprise that the
legislation of IE in Tiirkiye has been constructed around SEND. Although the legislation in
Tiirkiye is found to be satisfactory and in harmony with international policies in terms of
SEND (Diigkiin, 2016), problems and challenges persist in the practice of these laws.
Nevertheless, when it comes to gender, language, religion, and ethnicity, equally
comprehensive explanations of income were not included in the national legislation (Sar1 et
al., 2020). Especially in line with the harmonisation process with the EU, some international-
funded projects for the other disadvantaged groups, such as Promoting Gender Equality in
Education, Promoting Inclusive Education for Syrian Kids in the Turkish Education System,
the Conditional Cash Transfer Programme, etc., have been implemented. Further, in close
cooperation with UNICEF, support programs and Turkish language classes are being offered
to help Syrian students integrate into Turkish schools, with additional measures like catch-up
programs and summer schools provided for those who have missed or never attended school.
These projects have a special focus on the professional development of teachers via in-
service trainings to raise awareness and develop positive attitudes towards inclusion and
social justice (MoNE, 2018).

As for the research into IE in the context of Tiirkiye, many studies have revealed that
teachers hold negative attitudes towards IE (Artan et al., 2003; Demir et al., 2010; Gok et al.,
2011; Rakap et al., 2010). However, there are also recent studies concluding that teachers
have moderately positive attitudes toward inclusion (Tuncay et al., 2020) and make efforts to
make use of inclusive strategies in their classroom yet find themselves insufficient about it
(Demir-Basaran, 2020). As for the underlying reasons for their negative attitudes, it has been
revealed that teachers are not adequately supported by the school management and families
of students with SEND (Sadioglu et. al., 2010), feel themselves lack of knowledge and
confidence to teach in inclusive classes (Aktan, 2020), have difficulty in preparing and
applying IEPs (Kocyigit, 2015), and have problems with classroom management with
students with SEND (Kuruyer et al., 2017).

In conclusion, in Tiirkiye, not only policies but also research have a narrow
conceptualization of IE. Most studies on teacher attitudes towards IE have focused on namely
children with disabilities and Syrian refugee children (Kesik et al., 2022) and adopted
qualitative methods (Y1lmaz, 2021). Yet, IE should aim to —remove barriers to learning and
participation, allocate resources to support learning and participation, and provide support for
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diversity with a perspective providing ground for the voice of marginalized individuals and
groups to get heard® (Sakiz et al. 2020, p. 297). Therefore, in this study, teacher attitudes
towards IE and factors affecting them will be explored with a conceptualization of education
for all by employing both qualitative and quantitative methods. In line with this aim, the
research questions to be answered are:

1-How do the teachers in Tiirkiye conceptualize IE?

2-What are the attitudes of teachers in Tiirkiye towards IE?

3-What are the factors affecting teachers® attitudes towards IE?
4-What are the challenges influencing teachers® attitudes towards IE?

METHOD

In this research to explore attitudes of teachers towards IE in Tiirkiye and the factors
affecting them, a mixed methods approach was utilized. Considering that teachers® attitudes
depend on a variety of variables, this method will enable us to capture the implications of
these variables by using more than one data collection tool (Cohen et al., 2013). From
different designs of mixed-type research, the explanatory sequential design, in which first
quantitative data is collected via survey, analyzed, and then qualitative data is gathered via
semi-structured interviews to get further insights about the patterns (Bryman, 2021).

Sampling and Participants

In this study, considering the time constraint from non-probability sampling
techniques, a snowball sampling method was employed in recruiting the participants. In this
regard, first [ asked my friends working as teachers in Turkey to participate in my research
on a voluntary basis and then recommended other possible teachers to be sampled, as
Creswell (2018) suggests. In total, 59 teachers participated in the quantitative part of this
study. The background information of the participants is summarized in Table 1. It is
apparent from the table that most of the respondents were female (82%), aged between 31
and 40 (62%) and work in secondary schools (49%) in urban areas (78%).

Table 1. Demographic information of survey participants

Variable Groups Frequency Percentage (%)
Gender Female 45 82
Male 10 18
Age 21-30 11 20
31-40 34 62
40+ 10 18
Grade Primary 4 7
Level Secondary 27 49
High school 24 44
Location Suburban 12 22
Urban 43 78

Table 2 demonstrates the teaching background information of the participants for the
survey. The participant teachers mostly have teaching experience of 10-14 years (33%). While
44% of them have no teaching experience with students with SEN, the majority of them (93%)
claimed that they received training in in-service trainings, at the university, etc.

Table 2. Teaching background of survey participants
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Variable Groups Frequency Percentage (%)
Teaching Less than 1 year 2 4
Experience 1-4 year 6 11

5-9 year 15 27

10-14 year 18 33

14+ 14 25

SEND Never 24 44
Experience Less than 2 years 11 20
2-5 years 7 13

5+ 13 23

Training in Yes 96 93
SEN No 4 7

In terms of the participants in the interviews, Table 3 shows that the majority of
participants were female (N = 3), working in public schools (N = 3), and with a range of teaching
experience. Half of the interviewees had training in IE and experience working with students with
SEND.

Table 3. Background information of interviewees

Aliases  Gender Teaching School type Training on IE Experience in
experience SEND
T(1) Female 9 years Public No Yes
T(2) Female 3 years Private No No
T(@3) Male 12 years Public Yes Yes
T(4) Female 16 years Public Yes Yes

Research Instruments and Processes

For the quantitative part of the study, data was collected via questionnaire, while
interviews were utilized for the qualitative part. In the process of determining the
questionnaire to be used, the related literature was used to find an appropriate instrument for
this study and context since the earlier instruments may have been used in different studies
and proved to be reliable. Therefore, the below selection criteria were set:

v’ investigating IE for all rather than one specific learning difficulty or disability,

v’ exploring attitudes based on the three-component model (cognitive, affective, behavioral)

v having complete psychometric properties.

Among the questionnaires examined, MTAIS (Stoiber et al., 2007) and STORI
(Avradimis et al., 2000) were combined since these two tools meet the selection criteria, were
used by different researchers, and proved to determine factors affecting attitudes towards
inclusion more effectively, as seen in Table 4. In the combined version of the questionnaire, some
modifications were made based on the context of Tiirkiye. The questionnaire was piloted with
three teachers. Based on the expert opinions, some changes regarding terminology and wording
were made. The questionnaire has 6 different sections, which are respectively an information
sheet and consent form, background information, teacher opinions, emotional reactions,
intentions, skills, and factors interfering with inclusion practices. It consists of 53 Likert scale
items in total, including items like —The needs of students with special educational needs (SEN)
are best served through special, separate classes." The overall reliability of the test as measured
by Cronbach's alpha was found to be 0.84.

Table 4. Properties of questionnaires combined
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Authors Questionnaire Reliability  Attitude Limitation(s)
Components/
Dimensions
Avradimis A Survey of .90 - .85 1-Cognitive Factors affecting
etal. (2000) Teacher‘s Opinions 2-Affective IE as well as
Relative to the 3-Behavioural methods to
Inclusion (STORI) improve inclusion
is missing
Stoiber et My Thinking About .91 1-Core perspectives No attitude
al. (2007) Inclusion Scale 2-Expected outcomes  components
(MTAIS) 3-Classroom
practices

As for the semi-structured interview, the questions were prepared based on the three-
component-model of attitudes (Eagly et al. 1993) in line with the questionnaire. In this
regard, semi-structured interview questions are determined to seek greater understanding of
teachers® conceptualization of IE, how they perceive and feel when they have students with
SEN, their self-perception of preparedness to teach in an inclusive setting, and the challenges
of inclusive practice.

Data Analysis

To analyze quantitative data for the research questions 2, 3, and 4, Statistical Package
for the Social Sciences (SPSS) 26 software was used. Since the Kolmogorov-Smirnov test
results indicated significant results for the whole and sub-scales (p >.05), parametric tests
were utilized. To investigate teacher attitudes towards IE in general as well as separately
based on components of attitude and factors interfering with IE, descriptive statistics (mean,
median, mode, variance, and standard deviation) were calculated. To test the difference
between attitudes and some variables, an independent sample t-test and a one-way ANOVA
were applied.

To address questions 1, 3, and 4, reflexive thematic analysis was employed in six
phases as outlined by Braun et al. (2013). During the coding, largely inductive analysis was
applied, but also deductive coding was adopted to proceed in line with the research questions
and quantitative findings. Furthermore, not only semantic but also latent meanings were
taken into consideration. At the final stage, 3 themes and 8 sub-themes emerged, as seen in
Figure 1.

To analyze quantitative data for the research questions 2, 3, and 4, Statistical Package
for the Social Sciences (SPSS) 26 software was used. Since the Kolmogorov-Smirnov test
results indicated significant results for the whole and sub-scales (p >.05), parametric tests
were utilized. To investigate teacher attitudes towards IE in general as well as separately
based on components of attitude and factors interfering with IE, descriptive statistics (mean,
median, mode, variance, and standard deviation) were calculated. To test the difference
between attitudes and some variables, an independent sample t-test and a one-way ANOVA
were applied.

To address questions 1, 3, and 4, reflexive thematic analysis was employed in six
phases as outlined by Braun et al. (2013). During the coding, largely inductive analysis was
applied, but also deductive coding was adopted to proceed in line with the research questions
and quantitative findings. Furthermore, not only semantic but also latent meanings were
taken into consideration. At the final stage, 3 themes and 8 sub-themes emerged, as seen in
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This study is found to be ethically appropriate to be conducted with the decision of
University of Leeds, School of Education dated 15.06.2022.

RESULTS

The Concept of Inclusive Education

In addressing the first research question based on qualitative data analysis, one theme and
two sub-themes were identified as seen in Figure 2. The theme conceptualization of IE explores
participants‘ understandings and definitions of IE throughout the dataset. This theme is
interrelated with the other two themes in that teachers‘ conceptualization of IE shapes and/or
informs their attitudes towards IE and barriers towards IE identified by them and vice versa.
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Figure 2. _Conceptualization of [E’ theme and its sub-themes

Although IE is viewed as a broad concept, as a quality education for all within the scope of
this study, it is revealed that participants have a limited understanding of this term. Teachers limit
IE to SEND only rather than inequalities based on ethnicity, gender, religion, socio-economic
situation, linguistics, etc. It is also concluded that although some teachers are not sure about its
scope, there is a pattern among the responses that teachers use the terms inclusion and
mainstreaming interchangeably.

The implicit analysis of the dataset indicates that participant teachers conceptualize IE
based on the medical model. They seem to think that students with SEND have certain problems
or disorders diagnosed by the _experts‘ that prevent them from learning in inclusive classes, as
seen in the below script from T(2). This idea of IE may also explain why teachers generally seem
to be more embracing of IE in terms of social and emotional development of students rather than
academic development.

T(2): I think one of the first things to be done is trying to fix the problem these children
have. For example, I know that there are medications for hyperactive children. Like that. If there
is a solution, we should look for it first. Then, in the second phase, we can think about our skills
as teachers.

Teachers’ Attitudes towards Inclusive Education

To answer research question 2 which seeks to explore teachers® attitudes towards, both
quantitative and qualitative data were analyzed and findings presented respectively.

Quantitative Findings

Considering the range of the questionnaire which ranges from 1-5 for cognitive and
behavioral components and 1-7 for affective one, the mean score for the components of attitudes
as a whole and separately demonstrated negative attitudes towards IE for the participants. As
Table 5 indicates, the means of cognitive, affective and behavioral components were M= 2.52,
3.37 and 2.03 which are below the central points (3.0 for cognitive and behavioral and 4.0 for
affective component). The affective component had the highest mean score which can be
interpreted as teachers were more likely to hold negative feelings about accommodating students
with severe needs.

Table 5. Descriptive Statistics Results for General and Component Attitude Score

Cognitive Affective Behavioral General

Component Component Component Attitudes
Mean 2.52 3.37 2.03 2.73
Median 2.58 3.42 2.12 2.72
Mode 2.67 1.00 2.13a 2.65
Std. Deviation .50 1.72 .66 .67
Skewness 354 416 .624 129
Std. Error of Skewness 311 311 311 311
Range 2.50 6.00 3.38 3.35
Minimum 1.00 1.00 1.00 1.00
Maximum 3.50 7.00 4.38 435
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a. Multiple modes exist. The smallest value is shown

When each component is examined separately with its items, it can be seen in Table 6 that
the mean scores for teachers® attitudes on cognitive component range from 1.71 to 3.47.

Table 6. Mean and Standard Deviation Scores for Cognitive Component

Items N M SD

1. The needs of students with special educational needs (SEN) are best 59 1.71 .832
served through special, separate classes.

2. The challenge of being in an inclusive classroom will promote the 59 2.76 1.179
academic growth of the child with SEN.

3. Inclusion offers mixed group interaction which will foster 59 224 1.072
understanding and acceptance of differences.
4. Isolation in a special class has a negative effect on the social and 59 331 1.118

emotional development of a student with SEN.

5. The child with SEN will probably develop academic skills more 58 1.88 .860
rapidly in a special classroom than in a regular classroom.

6. The contact with included students may be harmful for the other 59 3.47 1.165
students.

7. Including the child with SEN will promote his/her social 59 220 .906
independence.

8. The inclusion of students with SEN can be beneficial for all the 59 276 1.072
students.

9. Inclusion is likely to have a negative effect on the emotional 59 278 1.035
development of the child with SEN.

10. The child with SEN will be socially isolated by other students. 59 3.03 1.066

11. Students with SEN should be given every opportunity to functionin 59 2.10 .781
the general-classroom setting, where possible.

12. The presence of students with SEN will promote acceptance of 59 2.03 .946
differences on the part of other students.

The majority of teachers (88%) seem to agree with the idea that _the needs of children with
SEN are best served through special, separate class* (M= 1.71). 84.5 % of them also believe that
_the child with SEN will develop academic skills more rapidly in a special classroom than in a
mainstream classroom‘ (M= 1.88). Although the item _The contact mainstream-class children
have with included children may be harmful® (M = 3.47) is opposed by more than half of the
participants (57%), interestingly a considerable number of teachers (25.4%) holds neutral views
about it.

Teachers® attitudes in terms of affective dimension were investigated via semantic
differential scale consisting of bipolar adjectives such as negative-positive for two situations,
severe learning difficulties (LD) and severe emotional and behavioral difficulties (EBD). The
mean and standard deviation of affective component for two situations are presented in Table 7.

Table 7. Mean and Standard Deviation Scores for LD and EBD

LD EBD
Feelings N Mean SD N Mean SD
Uncomfortable vs Comfortable 59 3.26 2.00 45 3.11 1.95
Negative vs Positive 59 3.77 1.96 45 3.44 2.01
Unconfident vs. Confident 59 3.16 1.94 53 3.00 2.01
Pessimistic vs. Optimistic 59 391 2.00 46 3.37 1.91
Worried vs. Assured 59 343 1.94 54 3.19 1.99
Disinterested vs. Interested 59 478 243 46 4.63 2.37
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Unhappy vs. Happy 59 3.58 2.01 44 345 1.84

As seen in Table 8, the mean values for the behavioral component are ranged from 3.24 to
1.75. It is an interesting finding that except for the first item, most of the participants preferred to
choose either agree or neutral options while almost no participant answered strongly disagree.
Overall, it can be stated that teachers are willing to develop themselves, their teaching and
classroom management skills via trainings, collaboration with parents, self-assessment etc. to
provide IE. The mean and standard deviation of affective component for two situations are
presented in Table 3.

Table 8. Mean and Standard Deviation Scores for Behavioral Component

Items N M SD

1. I will be supportive towards the idea of including children with severe learning 59 3.24 1.15
difficulties in my classroom.

2. I'will be willing to engage in in-service training on teaching children with severe 59 1.86 .84
learning difficulties.

3. I will engage in developing the appropriate skills to teach children with severe 59 1.80 .80
learning difficulties in their classroom.

4. I will engage in developing skills for managing the behavior of children with 59 175 70
severe learning difficulties.

5. I will accept responsibility for teaching children with severe learning difficulties 59 2.17 .79
within a whole-school policy.

6. I will continuously assess myself to inform my teaching practice. 59 190 .78

7. 1 will change my teaching processes to accommodate children with severe 59 1.85 .76
learning difficulties in my classroom.

8. I will co-operate with the parents of the children with severe learning difficulties 59 1.71 .76
for the benefit of their children.

In this regard, 44.1% of participants were against the idea of including children with severe
learning difficulties in their classrooms while a considerable number of them (30.5%) are neutral
about it. However, interestingly, 62.7% of them also accepted the responsibility of teaching
children with severe difficulties. A majority of participants (88.2%) seemed open to the idea of
collaboration with the parents for implementing IE.

Qualitative Findings

This theme focuses on teachers® beliefs, feelings, and actions in inclusive classes. As
adopting the three-component-model of attitudes, dataset was analyzed accordingly to
complement qualitative findings with quantitative ones and three sub-themes were generated as
shown in the Figure 3.
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Figure 3. Teachers’ attitudes towards IE’ theme and its sub-themes

This theme focuses on teachers‘ beliefs, feelings, and actions in inclusive classes. As
adopting the three-component model of attitudes, the dataset was analyzed accordingly to
complement qualitative findings with quantitative ones, and three sub-themes were generated as
shown in Figure 3.

As for the cognitive component, it is apparent in teachers® expressions that participants feel
themselves lacking theoretical and practical knowledge about implementing IE, which hinders
positive attitudes towards IE.

T(1): First of all, we really don't know what it is or what we should do when we have such
students. Therefore, we don't know how to provide quality teaching for all students.

Furthermore, it seems that teachers have dilemmas about the benefits of IE. Although they
have positive ideas in terms of the social impact of IE, academically, they do not support the idea
of teaching in the same classes for the sake of the progress of both students with SEND and their
peers.

T(4): For the student with disability, if the disability is mild, s/he can adapt to the
environment. But if the mental disability is severe, it is obviously difficult. It is difficult for other
students as well as for that child. They stand up a lot in class and disrupt the teacher's lecture.

As for the affective component, teachers generally state negative emotions like —desperate,
anxious, worriedl to describe their feelings when they have a student with severe needs.
Furthermore, when the dataset is considered as a whole and as seen in the below scripts, it can be
deduced that their negative feelings might stem from their lack of theoretical and practical
knowledge about IE, which proves the intertwined nature of themes/sub-themes.

T(2): First of all, I would feel very ignorant, which would probably make me worried.
Since I haven't received any training on this, I would feel anxious because I did not know how to
behave or teach! I could have an anxiety problem. I think these are the emotions I would feel the
most.

In terms of the behavioral component, participants mostly stated that they do not carry out
any activity or apply strategy or method to foster inclusion, as seen in the below script. It also
seems that they do not feel responsibility for doing so. When this finding is considered together
with their conceptualization of an IE-based medical model, it is not surprising, though.

T(1): I can't say that I use a special strategy or activity for it. But, in the past, when I had
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this kind of student, I tried to teach them individually. But I can't really say that it worked indeed.
I mean, I couldn't really succeed in it.

Factors Affecting Teachers Attitudes Towards Inclusion

Factors affecting teachers® attitudes towards inclusion were analyzed and findings
presented respectively.

Interaction with someone with SEND

As seen in Table 9, the independent samples t-test indicates that there is no significant
difference between teachers who had someone in their close environment with SEN and who did
not on attitudes towards IE (t=-.342, df=57, p=0.734, equal variances assumed, Cohen‘s d=0.10).
The mean scores for participants knowing someone in their close environment with SEN and
without were 2.68 and 2.75 respectively and according to the usual effect size guidance (Cohen,
1988), this difference is _small‘.

Table 9. Independent Samples T-Test Results For General Attitude Score according to

F  Sig. df  Sig. (2-tailed)

-

General Attitudes  Equal variances 142 707 -342 57 734
assumed

Interaction with Someone with SEND

Training

As seen in Table 10, he independent samples t-test indicates that there is no significant
difference on attitudes towards IE between teachers who received training and those who did not
(t=-.182, df=57, p=0.856, equal variances assumed, Cohen‘s d=0.09). The mean scores for
participants with training and without were 2.74 and 2.67 respectively and according to the usual
effect size guidance (Cohen, 1988), this difference is _small‘.

Table 10. Independent Samples T-Test Results for General Attitude Score according to Training

F Sig. t df Sig. (2-tailed)
General Attitudes Equal variances 055 8l6  .182 57 .856
assumed

Factors Affecting Teachers Attitudes Towards Inclusion

While addressing this research question, both quantitative and qualitative methods were
applied which will be elaborated respectively.

Quantitative Findings

In this study teachers were also asked about the challenges affecting their attitudes towards
IE. As Table 11 shows, the mean values ranged from 1.80 to 2.05. The limited time had the
highest mean score (M=2.05, SD=1.26) whilst parent‘s attitudes had the lowest (M=1.80,
SD=1.03). Overall, it can be stated that there is not a considerable amount of difference between
mean values of challenges rated by teachers.

Table 11. Mean and Standard Deviation Scores for The Challenges against IE
Challenges N Mean SD
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Limited time 59 2.05 1.26
Limited opportunities for collaboration 59 2.02 1.20
Teacher attitudes 59 2.00 1.19
Lack of experience regarding inclusion 59 2.00 1.23
Little knowledge in this area 59 1.97 1.17
Current work commitments 59 1.95 1.41
Lack of material 59 1.92 1.14
Little support from school/district 59 1.83 1.20
Parents* attitudes 59 1.80 1.03

Lack of knowledge and experience regarding inclusion were found to be the most salient
barriers against IE by majority of the teachers (80%). The least influential barrier on the other
hand was limited time although 71% of teachers agreed that it interfere with IE. As seen in Table
20, the percentages of the factors are close to each other. Hence, it can be concluded that limited
collaboration, teachers® attitudes, current work commitments, parents® attitudes and lack of
materials were determined as factors hindering inclusive practices by teachers. Finally, it is
notable that the item _teacher attitudes‘ was also rated as a salient challenge by most participants
(74%).

Qualitative Findings

The theme _barriers against IE‘ explores the challenges teachers encounter while
implementing [E which might affect their attitudes towards inclusion negatively. Three sub-
themes, which are namely _teacher related factors‘, _less time, more work® and _lack of
cooperation between stakeholders® were identified to explain factors hindering IE as shown in the
Figure 4.

A

Teacher Related -
Factors N
/ Barriers

) towards
L Less Time, More J< -

Work!

p
Lack of Cooperation N
Between Stakeholders

Inclusive
Education

Figure 4. ‘Barriers to IE’ theme and its sub-themes

Throughout the dataset, lack of knowledge and the need for training to implement IE were
constantly articulated by teachers. Teachers accounts also provide some insights regarding the
level and content of the trainings. Accordingly, equipping student teachers with the necessary
knowledge and skills at the university level is of importance, as seen in the script from T(1).
However, current trainings on the subject were found limited in that they do not offer much about
practice in real contexts.

T(1): The best thing to be done will be training. It could be a kind of in-service teacher
training as well as pre-service teacher training for prospective students. But these trainings should
be based on practice rather than theorical.
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As for the challenges faced by teachers while implementing IE in class due to time
constraints and workloads, It can be concluded that there is a bigger problem underlying these
barriers, which is the exam-oriented education system. The evidence in the below extracts shows
that the main priority for teachers is to prepare students for the national exams, which hinders IE
by ignoring the needs and rights of students with SEND.

T(1): Due to lack of time and the number of students in a class, we now have sometimes
more than 35 students; we are not able to teach these students individually. We have a curriculum
to follow and a responsibility to prepare others for the national exams, so I believe, for the sake of
all sides, it is better to educate them in separate classes.

In terms of cooperation between stakeholders, as key partners, parents were viewed as not
open to collaboration. Instead, they were defined as resistant to accepting the situation of their
children in most cases, which can be seen in the below extract:

T(2): Secondly, when we talk with parents about their children's academic problems and
learning difficulties, we have a really hard time. Because they are too sensitive about their
children and we talk about something negative, they take it personally somehow. They perceive it
as if we speak ill of their children. But what we try to do is just inform them about the realities
and try to solve the problem if we can.

In terms of the cooperation with the school management, there were different views based
on school types. While T(2), working in a private school, underlined the communication problems
due to school management‘s concerns for commercial profits, public school teachers stated that
the school management was embracing and fulfilling their responsibilities for IE. However, what
teachers meant by responsibility of the management is equal placement of students with SEND
into mainstream classes, which is again related to teachers‘ limited conceptualization of IE
focusing on the accession to education, mainly as seen in the script from T(4).

T(4): Frankly, I have had no problems with the school administration based on my own
more than 15 years of experience. The administration is supportive in this sense. Because they
accept students with SEND and try to place them equally in each class.

DISCUSSION

It was found out that teachers in Tiirkiye conceptualize IE narrowly—mostly limited to
integration. It was revealed that although the teachers were inclined to use the term inclusion
interchangeably with mainstream education, which is also interpreted as educating the students
with SEND with their peers under the same roof. The findings of this study are consistent not only
within the context of Tiirkiye (e.g., ERI, 2016; Erkilig, 2013; Sar et al., 2020) but also around the
world (e.g., Arduin, 2015; Forlin, 2009), which is not surprising as any political updates in
terminology might not be internalized by the society unless it complies with the current social
realities and beliefs (Wedel, 2009).

It is apparent in the latent and semantic meanings of the interviews that IE is viewed
according to a medical model in which teachers generally perceive SEND as a deficit, disorder, or
attribute of the students rather than socially generated labels (Hodkinson, 2015; Demetriou,
2020). Earlier and recent studies in Tiirkiye have also yielded similar results (Erkilig, 2013; Kesik
et al., 2022; Rakap et al., 2010). This conceptualization may explain other findings, such as
teachers not feeling responsible for implementing quality IE for all and advocating the idea of
separate classes for those students, which signals a need for change at a societal level for a quality
IE.
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Within the context of the second research question, teachers were found to hold mixed
attitudes, mostly negative close to the neutral. In the context of Tiirkiye, while earlier studies
indicated negative attitudes (Artan et al., 2003; Demir et al., 2010; Gok et al., 2011; Rakap et al.,
2010), there are also current studies (Demir-Basaran, 2020; Tuncay et al., 2020) concluding
positive attitudes. When studies around the world are concerned, it can be concluded that research
in developing countries has indicated generally negative or moderately positive attitudes (Al-
Zyoudi, 2006; Ramli, 2017; Saleem, 2017), while quite the reverse can be observed in developed
countries (Lorman et al., 2007; Saloviita, 2020).

It was also revealed that teachers were more welcome to accommodate children with mild
needs rather than severe intellectual and behavioral needs. Both quantitative and qualitative
findings assured that the type and severity of SEND is an important determinant for embracing IE
for teachers, which is in line with the findings of previous studies (Avradimis et al., 2000; Ramli,
2017; Saleem, 2017; Saloviita, 2020).

As for training on IE, no significant difference was found in the current study between
teachers who had received training and those who had not. This finding is inconsistent with earlier
research in the Turkish context (e.g., Bayar et al., 2017; Karasu, 2019; Ozokcu, 2018). Similarly,
in the interviews, teachers consistently highlighted the importance of teacher training throughout
the dataset. The contradiction might stem from the current nature of training on IE, which is
described by the interviewees as theory-based, perfunctory training. In this regard, training alone
may not be sufficient for teachers to develop affirmative attitudes toward IE (Costello et al.,
2013).

In the literature, teachers® attitudes were closely associated with interaction with someone
with SEND (Avradimis et al., 2002; Rakap et al., 2010; Ozokcu, 2018; Tuncay et al., 2020).
However, based on the quantitative data, it was not found to influence teachers® attitudes towards
inclusion. When qualitative findings were considered in this context, it can be stated that teachers
believe interaction with students with SEND in the class helps other students to develop empathy;
however, they also think that these students prevent other students‘ academic progress, which can
also be interpreted as signs of a medical model. When all these findings evaluated together, it can
be claimed that qualitative findings explain for quantitative findings in that due to their
conceptualization of IE based on a medical approach, interaction with someone with SEND was
not found to be a significant predictor for teachers® attitudes towards IE.

Although implementation of inclusive education highly relies on teachers, teachers
practices as well as their attitudes can be negatively affected by many factors. In this context, lack
of knowledge, training, and experience on IE seemed to be the most influential factor interfering
with inclusive practices, according to teachers supporting similar findings reported by Avradimis
et al. (2007). Furthermore, parents‘ as well as teachers® attitudes, limited time, and lack of
partnership and collaboration were also reported as the salient barriers against inclusion. In
addition to these, qualitative data reflected that crowded classes in Tiirkiye hinder implementation
of quality IE.

CONCLUSION AND IMPLICATIONS

Societal values shape education systems (Arduin, 2015). Teachers in this study portrayed a
narrow conceptualization and mixed attitudes close to the negative and neutral towards IE, which
can be interpreted as the reflections of beliefs, understanding, and approaches Turkish society has
about inclusion. Hence, it can be argued that to achieve the goal of quality IE for all, a mindset
change is necessary at a societal level, including teachers, who are the key persons of educational
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change. On the other hand, it is obvious that such a macro-level change will not take place shortly
and easily (Wedel, 2010). One of the best and fastest ways can be using media and
communication as means, considering our era of technology.

It was found out that teachers are concerned about teaching in inclusive classes due to their
lack of knowledge and practical experience. In this regard, MoNE should provide hands-on
professional development opportunities for teachers to equip them with the necessary skills to
meet all students‘ needs in the class. Considering teachers‘ accounts of the perfunctory nature of
current trainings, these trainings should be organized based on the needs of teachers and
applicable to the classroom contexts. Furthermore, for the prospective teachers, regardless of their
teaching subject, IE should be taught as a compulsory module at the university level by the
Council of Higher Education. Because it is easier to develop positive attitudes towards inclusion
during undergraduate initial teacher training programs (Loreman et al., 2013). As for the other
barriers identified in this study, MoNE should also take necessary steps with regard to class size,
materials, and human resources to ensure implementation of IE.

At a school level, a well-established partnership should be built between school
management, teachers, and parents, which is one of the fundamentals of achievement in IE
(Beveridge, 2005). In this regard, school management's responsibility should be seen as more than
equal placement of students with SEND into mainstream classes, and they should be active
partners and actors of education for all. As underlined in this study, parental involvement was not
found adequate by teachers; however, it should also be noted that engaging parents in inclusive
education is also the responsibility of school management and policymakers, as Csozier (2000)
puts forth.

In conclusion, teachers are at the heart of teaching, and their attitudes towards inclusion,
willingness to accommodate all children in their classes, and perception of self-confidence to
work with students with individual differences and needs determine the effectiveness of inclusive
education practices (McLeskey et al., 2001). Therefore, understanding teachers® attitudes and the
factors affecting them is of great importance, and this study revealed that teachers® positive
attitudes and inclusive practices are multidimensional, depending on not only themselves but also
related partners, educational environments, policies, and society. Accordingly, in order to develop
positive attitudes for teachers that will inform and shape their actions in inclusive settings,
collaboration and commitment from all stakeholders are key factors in promoting education for
all.
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Kodlama etkinlikleri, cocuklarin hayal giicii ve yaraticiligin artiran, problem ¢ézme
becerilerini gelistiren, var olan bir problem durumuna farkli ¢6ziim yollari
iiretebilmesini saglayan ve bu ¢ozlim yollarini benzer problem durumlarina transfer
ederek bilissel diisiinme becerilerini desteklemektedir. Bu arastirma kodlama
etkinliklerinin okul dncesi donemi ¢ocuklarmin biligsel stillerine etkisini incelemeyi
amaglamaktadir. Ontest-sontest kontrol gruplu deneysel desenli olan bu arastirmanin
¢alisma grubunu Konya ili Selguklu ilgesinde bulunan bir devlet anaokulunda egitim
almakta olan 13°l deney grubunda, 12’si kontrol grubunda olmak iizere toplam 25
cocuk olusturmaktadir. Calismaya katilan ¢ocuklarin biligsel tempolarint belirlemek
amactyla Wright (1971) tarafindan gelistirilen ve Secer ve ark. (2010) tarafindan
Tiirkge’ye uyarlamasi yapilan KRISP-A (Kansas Okul Oncesi Donemdeki Cocuklar
i¢in Diisiinsellik — Igtepisellik Olgegi A Formu) veri toplama araci olarak
kullanilmistir. Deney grubundaki c¢ocuklar ile on hafta olmak iizere haftada iki
oturum seklinde toplam 20 oturumluk Kodlama Etkinlikleri yapilmistir. Arastirmanin
kontrol grubuyla herhangi bir ¢alisma yapilmayip okul 6ncesi programa devam
edilmistir. Arastirmada kodlama etkinliklerinin deney grubu cocuklarinin yanit
siiresini kisalttig1, baska bir deyisle kodlama etkinliklerinin ¢ocuklarin daha hizli yanit
verebilme becerisini destekledigi sonucuna ulasilmistir.
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INTRODUCTION

Our age is developing rapidly in terms of technology and science. It is imperative to shape the
competencies of today's children within the framework of our age and the vision of the future. In this
context, it is aimed for children to become more active and integrated into the future. The importance
of applications for coding education, which is an important reflection of technology and is accepted as
one of the skills of the 21st century, has increased. Coding activities have begun to be included in
educational programs (Ozbey, 2018; Unsal, 2019). Odac1 and Uzun (2017) describe coding as a kind of
problem solving method.

When examining global research on programming, the emphasis on coding education, particularly
during early childhood, becomes evident. Preschool education is acknowledged as a crucial period for
acquiring various skills. Consequently, there is a prevailing belief that coding training should be
introduced during this developmental stage. Coding applications enhance children's imagination and
creativity while fostering the development of problem-solving, spatial, and analytical thinking skills. It
encourages both process- and result-oriented thinking, instilling the practice of undertaking
comprehensive, product-oriented projects and resolving issues through the integration of smaller
projects. Coding facilitates the generation of diverse skills to address existing problems. Children also
develop their problem-solving skills by finding solutions to existing problems through technology and
their cognitive thinking skills by transferring them to similar situations (Demirer & Sak, 2017; Odac1 &
Uzun, 2017). Coding activities, especially those carried out using robotic kits, provide an environment
for preschool children to test their hypotheses in the face of a problem situation, produce solutions to
the problem situation, and make meaningful discoveries (Bers, 2008).

The preschool period, during which coding practices play a crucial role, represents one of the
most intense and rapid phases in children's brain development. Brain development significantly
influences cognitive development. Cognitive processes, encompassing perception, learning, concept
acquisition, thinking, and problem-solving skills, hold paramount importance for cognitive development
(Keles & Cepni, 2006). These concepts differ for each child, resulting in differences in cognitive styles.
Differences in how children perceive, process, and remember information do not indicate differences in
abilities that measure their performance; instead, they are distinctions commonly defined as thinking
styles. The way children individually approach a task constitutes a cognitive style, with numerous
cognitive styles identified through research. Among these cognitive styles, cognitive tempo stands out
as the most extensively studied. Cognitive tempo can be categorized as impulsive or reflective (Gander
&Gardiner, 2010). Preschool children can produce various hypotheses in order to find a solution when
faced with any problem. The various hypotheses that children form arise from differences in their
cognitive tempo (Zelniker & Jeffrey, 1979).

The process involving a child's choice to react quickly or slowly when producing a solution to a
problem is termed cognitive tempo and has two types: impulsive and reflective. When children exhibit
a reflective tempo, they respond by thoroughly examining all stimuli and options, attempting to conceal
their hesitations before determining the correctness of the hypothesis generated for the solution and
before reacting. Due to their tendency to plan and think before reacting, they generally achieve
successful results. Conversely, children with an impulsive tempo, when faced with any problem or
situation, react without using the possible solution hypothesis as a basis. They do not concentrate on
secondary important clues, express what comes to their mind in a hurry, and are driven by a fear of
failure. Consequently, problem situations often end unsuccessfully (Gander & Gardiner, 2004). In other
words, impulsive children dedicate little time to analysis, respond hastily without thorough examination,
and therefore make many mistakes. Reflective children, on the other hand, are more cautious, utilizing
more time for data analysis, leading to fewer mistakes (Gargallo, 1993).
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Kagan and his colleagues made reflective and impulsive cognitive styles measurable by using the
'Matching Familiar Figures Test (MFFT)' (Kagan and his colleagues, 1964). The Matching Familiar
Figures Test is a visual comparison test designed to identify the same shape among various alternative
shapes. The test measures response time and the number of errors (expressed as 'correct responses').
Kagan and his colleagues divided individuals into two groups based on the scores obtained from the
test. According to this grouping, reflective individuals are those with a longer thinking time and more
correct answers, while impulsive individuals are those with a shorter thinking time and more incorrect
answers (Kagan and his colleagues, 1964).

Wright (1971) developed the Kansas Reflection-Impulsivity for Preschool (KRISP) scale to
determine whether preschool children fall into categories such as fast correctors, slow correctors, fast
incorrectors, and slow incorrectors. The classification of children into these categories is based on the
errors obtained from the scale, considering both the number of errors and their response time. Children
are then labeled as fast correctors, slow correctors, fast incorrectors, or slow incorrectors.

When the literature was reviewed, no research was found on the effects of coding activities on
the cognitive styles of preschool children. In light of this, the study aims to examine the impact of coding
activities on the cognitive styles of preschool children.

Research Purpose:

The primary objective of this research is to investigate the influence of coding activities on the
cognitive tempo of preschool children. To address this, the study sought answers to the following
question:

Do coding activities affect the cognitive tempo of preschool children?
Sub-Aims of the Research:

Based on the main purpose of the research, the following questions were addressed:

e Do coding activities affect preschool children's response time scores on the Kansas
Reflection-Impulsivity Scale for Preschoolers (KRISP - Form A)?

e Do coding activities affect the number of error scores of preschool children on the
“Kansas Reflection—Impulsivity Scale for Preschoolers” (KRISP — Form A)?

METHOD
Research Model:

In order to examine the effects of coding activities on the cognitive tempo of preschool children,
a quasi-experimental model with a pre-test post-test control group was used. Group assignment was
somehow made from existing groups. Therefore, a full design was not used in the study.The
experimental model aims to examine the cause-and-effect relationship between variables. In the pretest-
posttest control group model, two groups were created through unbiased assignment: the experimental
group and the control group. Data were collected in two stages for both groups—before and after the
experiment. In this regard, the independent variable of the study was determined as "Coding Activities,"
and the dependent variable was "Cognitive Tempo of Preschool Children."

Study Group

The study group of the research consisted of children aged 5-6 years who received pre-school education
in a kindergarten in Selguklu district of Konya province in the 2021-2022 academic year. Consent forms
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were obtained from the participants’ families stating that they voluntarily participated in the study.A
total of 25 children were included in the study, 13 in the experimental group and 12 in the control group.
Demographic characteristics of the experimental and control groups are presented in Table 1.

Table 1.

Demographic Characteristics of the Experimental and Control Groups

Gender Age
Girl Boy Total 5 Years 6 Years Total
Experimental n 8 5 13 11 2 13
Group
% 615 38.5 100 84.6 15.4 100
Control Group = 8 4 12 1 11 12
%  66.7 333 100 83 91.7 100

The experimental group consists of 13 children, 8 (61.5%) girls and 5 (38.5%) boys. It is known
that 11 of these children (84.6%) are 5 years old and 2 (15.4%) are 6 years old. The control group
consists of a total of 12 children, 8 (66.7%) girls and 4 (33.3%) boys. 1 of these children (8.3%) is 5
years old, and 11 (91.7%) are 6 years old.

Data Collection Tools and Processes
KRISP - form A

The Reflection — Impulsivity Scale for Preschoolers — Form A (KRISP — Form A) was
developed by Wright (1971) to unveil the cognitive styles of preschool children. Seger and colleagues
(2010) conducted validity and reliability studies to adapt the scale to Turkish. For the reliability study,
30 students in preschool education were assessed by two observers. In the evaluation of students'
reaction times in the KRISP - Form A, the correlation between the two observers for reaction time was
found to be 0.83, and the number of errors was 0.78. As an additional indicator of the reliability of the
KRISP - Form A, a test-retest reliability examination was conducted. Accordingly, 303 samples
receiving preschool education were identified.

KRISP — Form A was administered twice to the sample with a two-week interval. Following the
application, the Pearson Moment Correlation Coefficient between the two application scores was
examined. As a result, the number of errors for the KRISP — A Form was found to be 0.74, and the
response time was 0.89 (Secer et al., 2010). The findings from the two separate applications of KRISP
— A Form on the same group revealed a positive and significant relationship (p < 0.01). Based on the
research results, it was determined that the consistency of KRISP - A Form between the two applications
was at an acceptable level. The Spearman—Brown Correlation Coefficient for the reaction time of KRISP
— A Form was determined as 0.85, and the number of errors was 0.71.

Within the scope of KRISP — Form A, the time until the first correct or incorrect answer is given
is expressed in seconds after each stage. In the context of KRISP — A Form, the term 'number of errors'
refers to the total number of incorrect answers given at each stage until the correct answer is found
(Secer et al., 2010).
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Within the scope of KRISP - A Form, students are categorized as 'Fast Correctors,' 'Slow
Correctors' (reflectives), 'Fast Incorrectists' (impulsives), and 'Slow Incorrectists' based on the median
of the entire group and the division system of the number of errors along with response time scores, as
outlined below:

. Fast Correctors: Refers to students within the scope of KRISP — A Form who make errors below
the median and have a response time below the median.

. Slow Correctors (Reflectives): Refers to students within the scope of KRISP — A Form who
make errors below the median and have a response time above the median.

. Fast Incorrectists (Impulsives): Refers to students within the scope of KRISP — A Form who
make more errors than the median and have a response time below the median.

. Slow Incorrectists: Refers to students within the scope of KRISP — A Form who make more
errors than the median and have a response time above the median.

KRISP — Form A consists of 10 items and 10 shapes. In the initial stage of administering the
KRISP — A Form, the total time taken by each child to respond to the first appearance of the 10 shapes,
and the overall number of errors made by them, are coded separately.

Data Collection Process and Application

During the two-day pretest phase, researchers collected scores from both the experimental and
control groups using the Kansas Reflection-Impulsivity Scale for Preschool. The participants were
individually brought to a designated environment for the pretest, ensuring it was quiet and suitable for
their developmental level. No negative situations were encountered during this process.

Coding activities, averaging 60 minutes, were implemented twice a week in the classrooms
where the children were studying for the experimental group. Before each session, researchers organized
the classroom environment according to the planned activity.

In addition to the Republic of Turkey Ministry of National Education's preschool education
program, the experimental group underwent 20 sessions of Coding Activities created by researchers
over 10 weeks, twice a week. Meanwhile, the control group continued their regular preschool program
without any additional intervention.

Following the completion of coding activities, the KRISP was readministered to both
experimental and control groups, and the post-test scores of the children were recorded.

Analysis of Data

If the total number of participants in the experimental and control groups is less than 30, non-
parametric tests are used in the research. In the study, the data obtained from the data collection tools
were analyzed using the SPSS 25.0 software package. The significance of the difference between scores
was tested at a significance level of .05. To determine the analyses to be applied to the collected data, it
was checked whether the data exhibited a normal distribution. The results of the normality test are
presented in Table 2.

Table 2.
Values of Data Regarding Normality Test

Shapiro-Wilk 4
KRISP-A Formu (Response Time Pretest) 0.781 0.000
KRISP-A Formu (Number of Errors Pretest) ~ 0.900 0.019
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KRISP-A Formu (Response Time Pretest) 0.859 0.003

KRISP-A Formu (Number of Errors Pretest)  0.919 0.049

As a result of the Shapiro-Wilk test for KRISP, it was concluded that the data did not follow a
normal distribution since p was < .05. Therefore, non-parametric tests were chosen for the data analysis
in the study. Consequently, the Mann-Whitney U Test and the Wilcoxon Signed Rank Test were utilized
to analyze the data.

FINDINGS

To see whether the control and experimental groups are equivalent, the results regarding the
children's pre-test mean scores on KRISP — Form A are given in Table 3.

Table 3.

Mann Whitney U Test Results Regarding Pre-test Scores of Experimental and Control Groups

KRISP-A Groups n X S.S. Mean Rank Rank U p
Form Sum
Response Experiment 13 6346 23.52 1531 199.00 48.00 .103
Time Group

Control Group 12 5421 24.62 10.50 126.00

Total 25
Number of Experimental 13 376 3.05 11.62 151.00 60.00 322
Errors Group

Control Group 12 4.66 2.34 14.50 174.00

Total 25

p<.05%

When examining Table 3, it is evident that there is no statistically significant difference in
response time in the average pre-test scores between the experimental and control groups (U=48.00, p
> .05). It was observed that there was also no statistically significant difference between the pre-test
average scores of the experimental and control groups regarding the number of errors (U=60.00, p >
.05). These values confirm that there is no statistically significant difference between the pre-test scores
of the experimental and control group children, indicating that the cognitive tempos of the groups are
statistically equivalent.

The following results were obtained in the research conducted to examine the effect of coding
activities on the cognitive tempo of children aged 5-6. Post-test scores and error numbers of children in
the experimental and control groups regarding KRISP — Form A were analyzed with the Mann-Whitney
U test, and the results are presented in Table 4.

Table 4.
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Mann Whitney U Test Results Regarding Post-test Scores of Experimental and Control Groups

KRISP-A Form  Groups n X S.S. Mean Rank Rank U p
Sum
Response Time  Experiment 13 5144 14.08 15.15 197.00 50.00 128
Group
Control Group 12 45.11 2040 10.67 128.00
Total 25
Number of Experimental 13 2.69 1.31 12.50 162.50 71.50 718
Errors Group
Control Group 12 2091 1.78 13.54 162.50
Total 25

p<.05%*

According to the results in Table 4, there is no statistically significant difference among the post-

test scores of the experimental and control groups regarding response time (U=50.00, p>.05). It was

observed that there was no statistically significant difference among the post-test mean scores of the
experimental and control groups regarding the number of errors (U=71.50, p>.05). Therefore, it can be

said that coding activities have no effect on the post-test response time and number of errors of the
experimental and control groups.

The pre-test and post-test scores of the experimental group children regarding response time and

number of errors were analyzed with the Wilcoxon Signed-Rank Test and the results are given in Table

5.

Table 5.

Wilcoxon Signed Rank Test Results for Pretest and Posttest Scores of the Experimental Group
KRISP-A Form n Mean Rank Rank Sum z p
Response Time Negative 10 7.70 77.00 -2.201 .028*

rank
Positive 3 4.67 14.00
rank
Equal 0
Total 13
Number of Negative 5 6.00 30.00 -.905 365
Errors Rank
Positive 4 3.75 15.00
Rank
Equal 4
Total 13
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p<.05%*

As seen in Table 5, a statistically significant differentation was observed between the pre-test and
post-test scores regarding the response time of the children in the experimental group (z = -2.201, p
<.05). No statistically significant differentation was observed between the pre-test and post-test scores
regarding the number of errors of the children in the experimental group (z=-.905, p>.01). The response
time of the children who received coding activities decreased after the application, and no change was
observed in the number of errors.

Pre- and post-test scores of control group children regarding response time and number of errors
were analyzed with the Wilcoxon Signed-Rank Test and the results are given in Table 6.

Table 6.

Wilcoxon Signed Rank Test Results for Pre-test and Post-test Scores of the Control Group

KRISP-A Form n Mean Rank Rank Sum z p
Response Time  Negative 9 7.78 70.00 -2.432 015*
rank
Positive rank 3 2.67 8.00
Equal 0
Total 12
Number of Negative 9 6.22 56.00 -2.059 .039*
Errors Rank
Positive 2 5.00 10.00
Rank
Equal 1
Total 12
p<.05%*

When Table 6 is examined, it is seen that there is a statistically significant difference in response
time (z = -2.432, p <.05) and number of errors (z = -2.059, p <.05) between the pre-test and post-test
scores of the control group children. There was a decrease in the response times and number of errors
of children who received a traditional preschool education program.

DISCUSSION

In the study, the effects of coding activities conducted for preschool children on their cognitive
tempo were examined. Coding sessions were carried out in a total of 20 different sessions, twice a week
for 10 weeks. As a result of the research, the post-test scores of the children in the experimental and
control groups using KRISP - Form A were examined, and no statistically significant difference was
observed between the post-test scores concerning the response time of the experimental and control
groups. As a result of the analysis in terms of the number of errors, no statistically significant difference
was found between the post-test average scores of the experimental and control groups.

As a result of the analysis conducted to determine whether there was a statistically significant
difference between the pre-test and post-test scores regarding the response time and number of errors of
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the children in the experimental group, it was concluded that there was a statistically significant
difference between the pre-test and post-test scores regarding the response time of the children in the
experimental group. However, it was determined that there was no statistically significant difference
between the pre-test and post-test scores regarding the number of errors of the children in the
experimental group. Based on these two findings of the study, the response time of children who
received coding activities decreased after the application and no change was observed in the number of
errors. In other words, coding activities shortened the response time of preschool children and supported
children to respond faster.

Yiice (2023), in his experimental design study examining the effect of SCAMPER activities on
the cognitive tempo of preschool children, revealed that SCAMPER activities reduced the response time
and number of errors of the experimental group children, in other words, SCAMPER activities positively
affected the cognitive tempo of preschool children. It is known that the SCAMPER technique is a
technique that enables the child to find more than one solution when faced with any problem situation
and encourages the child to find creative solutions. Coding activities also increase children's creativity,
enable them to acquire problem-solving and analytical thinking skills, and enable them to produce
solutions to an existing problem using different skills. When looked at in this context, it can be seen that
SCAMPER technique and Coding applications contain similar gains. It seems that the results of the
study conducted by Yiice (2023) support this finding of the research.

The analysis conducted to determine whether there is a statistically significant difference between
pre-test and post-test scores of the control group children in terms of response time and the number of
errors revealed that there is a statistically significant difference. In other words, a decrease in response
time and the number of errors was found in the control group children.

Secer and colleagues (2009) found, among the results obtained from their study examining the
cognitive tempo of a total of 1276 children aged between 4 and 7 attending preschool education in terms
of different variables, that there is a decrease in the number of errors as the children's ages advance. This
suggests that the higher average age of the children in the control group compared to those in the
experimental group may also have an impact on this finding of the research.

In experimental design research, although no differences are anticipated between the pre-test and
post-test scores of the control group, the children in the control group actively continued to receive
preschool education throughout the implementation period. It is assumed among the hypotheses that the
gains achieved during this period may have a positive impact on the cognitive tempo of preschool
children. In this study, a statistically significant difference was observed in the response time and
number of errors in the control group. In Ergin's (2020) study, which investigated the impact of activities
in Tibitak's "Merakli Minik Dergisi" on the cognitive tempo of children in the 48-60 month preschool
period, it was revealed that the response times of children in the control group also decreased in the post-
test.

In his 2019 study, Konyaoglu aimed to examine the impact of robotic coding education on the
problem-solving skills of middle school children. He designed a five-week experimental research, and
the results of the study revealed that the five-week robotic coding education had a statistically positive
effect on the problem-solving skills of the children.

CONCLUSION

As aresult, this study examines the effects of coding activities on the cognitive tempo of preschool
children, aiming to increase their imagination and creativity, improve problem-solving skills, enable the
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generation of different solutions to existing problem situations, and support cognitive thinking skills by
transferring these solutions to similar problem situations. It was determined that there was a decrease in
the response time of the experimental group children who received coding activities. In other words,
coding activities supported the ability of preschool children to respond faster.

SUGGESTIONS
The recommendations based on the results of the research are as follows:

e The impact of coding activities on the cognitive tempo of preschool children has been
in

e Vestigated in the study. In parallel with this research, experimental studies can be
conducted to examine the effects of coding activities on other cognitive styles.

e The study group of the research consists of preschool children. It is known that coding
activities are also used with children in primary and secondary education. Therefore,
studies can be conducted by creating different study groups with diverse characteristics,
examining the impact of coding activities on cognitive tempo in primary and secondary
school-age children.

e In this study, coding activities have been broadly addressed to create a program.
Specific types of coding activities such as robotics coding, block coding, screenless
coding, etc., can be customized to create programs, and the effects of these programs
on children's cognitive tempos can be investigated.

e  Preschool teachers can be provided with training on how to create activities for children
with different cognitive tempos. Specifically, training can focus on developing
activities that enhance the attention span and encourage accurate responses for
impulsive children.
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Ders Planlar1.
Ogretmenlik Uygulamasi

Arastirmanin amaci, fen bilgisi 6gretmeni adaylarinin 6gretmenlik uygulamasi 1 dersi
kapsaminda hazirladiklar1 ders planlar1 aracilifiyla tercih ettikleri dlgme ve
degerlendirme yaklagimlarmin incelenmesidir. Ogretmen adaylarmin hazirladiklar:
ders planlari, fen bilgisi konu alanlarina gore ve konularin sif diizeylerine gore
dagiliminda tercih ettikleri Olgme ve degerlendirme teknikleri bakimindan
degerlendirilmigtir. Bu calismada durum g¢aligmasi arastirma metodolojisi ve veri
toplama arac1 olarak dokiiman analizi yontemi kapsaminda dokiimanlar kullanilmistir.
Fen bilgisi 6gretmen adaylarmin &gretmenlik uygulamas: 1 dersi kapsaminda
hazirladiklar1 ders planlari dokiiman olarak ele alinmis, 6gretmen adaylarinin 6lgme
ve degerlendirme yaklagimlarina iligkin tercihleri analiz edilmistir. Arastirmanin
verilerini 2023-2024 egitim-0gretim yil1 gliz doneminde 6gretmenlik uygulamasi I
dersini alan ve bu ders kapsaminda fen bilgisi 6gretmen adaylarinin (N=65)
hazirladiklar1 ders planlari olusturmaktadir. Elde edilen verilerin dokiiman analizinde
Microsoft Excel programi kullanilmigtir. Analiz sonuglaria gore 6gretmen adaylari
hazirladiklart ders planlarinda en fazla geleneksel Olgme ve degerlendirme
tekniklerini tercih ettikleri, geleneksel tekniklerden en fazla fizik konularini ve bu
alanda ¢ogunlukla ¢oktan se¢meli test ve dogru-yanlis tekniklerini tercih ettigi,
alternatif tekniklerden ise en fazla biyoloji konularini, bu alanda ise en fazla
yapilandirilmug grid teknigini tercih ettikleri tespit edilmistir. Olgme ve degerlendirme
tekniklerini kullandiklart konularin sinif diizeylerine gore dagilimma iliskin
bulgularinda ise, 6gretmen adaylar1 cogunlukla 5. ve 6. sinif diizeylerindeki konulart
tercih ettikleri, bu konularda ise geleneksel tekniklerden her iki sinif diizeyinde de
dogru-yanlis teknikleri tercih ettikleri saptanmustir. Alternatif tekniklerden 5. sinif
diizeyinde en fazla yapilandirilmis grid ve tanilayici dallanmis agag¢ teknigi tercih
edilirken 6. smif diizeyinde ise kavram haritasinin tercih edildigi sonuglarina
ulastlmustir. 8. sinif diizeyi konularina ise sinirli diizeyde yer verdikleri goriillmektedir.
Calismanin bulgulari 1s1ginda 6nerilere yer verilmistir.
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INTRODUCTION

Rapid changes and developments in the fields of science and technology in the global context
have brought about differences in the needs of individuals and societies. The differentiation of the roles
expected from individuals within the scope of changing needs has also led to significant changes in the
learning and teaching processes of individuals. Assessment and evaluation approaches play an important
role in tracking the development and change of individuals, managing the improvement process and
using resources effectively (Can, 2007; Ozer, 2009). One of the educational inputs that enhance both
academic and administrative work in higher education institutions is resource management (Akpan &
Etor, 2015). According to Akpan & Etor (2015), the purpose of resource management in higher
education is to produce quality graduates who can contribute meaningfully to the development of the
nation. For this reason, it is important to evaluate the learning outcomes of prospective teachers in order
to ensure that they have the necessary skills, knowledge and competence. There are at least three
purposes for educational assessment: formative assessment to aid learning in the classroom; summative
assessment for use at the classroom, school, or district level to determine student achievement levels;
and program evaluation for comparison across classrooms, schools, districts, states, or countries. In the
findings related to the distribution of the subjects in which they used assessment and evaluation
techniques according to grade levels, it was found that pre-service teachers mostly preferred the subjects
at the 5th and 6th grade levels, and in these subjects, they preferred true-false techniques from traditional
techniques at both grade levels. Among the alternative techniques, structured grid and diagnostic
branched tree techniques at the 5th grade level, concept map at the 6th grade level. 8th grade level
subjects are included at a limited level researchers to study how new assessment methods can be used
in classrooms, how assessments can be designed so that they are administered fairly to all students, and
how various forms of assessment affect student learning, teacher practice, and educational decision-
making (National Research Council (NRC), 2012)

Diversity arising from different factors in education (i.e., individual, educational level, course
content, social environment, school facilities, etc.) plays an important role in ensuring the effectiveness
and efficiency of assessment and evaluation practices. It is seen that alternative assessment and
evaluation, which includes multi-focused assessment and evaluation approaches that can take into
account individual differences, are included under different titles in the literature (DiMartino, Castaneda,
Brownstein, & Miles 2007; Hamayan, 1995; Tan, 2019). The main purpose of using alternative
assessment and evaluation techniques in the evaluation of classroom learning is to reveal what students
can do, not what they have done, and to measure skills that cannot be measured by traditional assessment
and evaluation methods (Dilma¢ & Dilmag, 2020). There are many different types of alternative
assessment such as performance assessment, self-assessment, portfolio, peer assessment, journals, and
student-teacher discussions (Bland & Gareis, 2018; Singh, Muhammad, Mostafa, Yunus, Noordin, &
Darmi, 2022). In addition to offering new ways and approaches that motivate and inspire students to
learn, alternative assessment types assess students' language skills on the basis of the originality of their
language use (Alokozaya, 2022), encourage students to take responsibility as they evaluate the learning
product together with the process (Ministry of National Education, 2018), and help educators measure
mental and artistic processes more accurately and help students organize their own processes (Dilmag
& Dilmag, 2020). Alternative assessment and evaluation techniques and traditional techniques in the
literature are presented in Figure 1. (Bahar et al., 2015; Basol, 2015; Ozeng, 2013):
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Figure 1
Assessment and evaluation techniques

¢ Portfolio
¢ Performance Evaluation,
*Project,
* Concept Map,
*Self-Assessment,
¢ Peer Review,
e Structured Grid,

* Diagnostic Branched Tree,
*Word Association Test,
*Rubric (Rubric Scoring Key),
* Checklist
e Interview,
*Observation,
*Puzzle
*Drama

*Short Answer Questions,
* Multiple Choice Questions,
*Long Answer Questions,
*Gap Filling,

* True-False Questions,
*Word association

Alternative Assessment and Evaluation
Techniques

Traditional Assessment and Evaluation
Techniques

Purpose and Importance of Research

In the Ministry of National Education (MoNE) (2018) program, it is stated that the measurement
and evaluation process being "suitable for everyone", "valid and standardized for everyone" is contrary
to the nature of human beings and therefore, it is emphasized to act with the understanding of maximum
diversity and flexibility in the measurement and evaluation process. On the other hand, the Higher
Education Institutions (CoHE, 2018), which has an important contribution to the training of future
teachers, has added the course of 'evaluation of classroom learning' to the science teaching
undergraduate program, which is taken by 4th grade students as a field education elective course. When
this situation is evaluated in the global context, in recent years the collection of assessment methods
used especially in higher education has greatly expanded (Alokozaya, 2022) and their use in different
disciplines and different fields has increased (Dilmag & Dilmag, 2020). The fact that pre-service teachers
take the 'measurement and evaluation in education' course as well as the 'assessment of classroom
learning' course in their undergraduate education shows that measurement and evaluation has an
important place in education and training and that pre-service teachers are trained in the best way in this
regard. However, it is also important to evaluate the efficiency of this situation, that is, how effective
the assessment of classroom learning course taken by pre-service teachers is and how much pre-service
teachers can reflect the information they have received in this course to other fields. On the other hand,
it is thought that with the current study, On the other hand, this study can provide insights into
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determining the extentthe extent to which pre-service teachers can reflect the information they have
received in the 'assessment of classroom learning' course to the 'teaching practice I' course content,
which they are independent of this course, in line with the objectives determined as the answer.

Within higher education, especially in teacher education undergraduate programs, importance to
train qualified and competent teacher candidates in order to make an effective contribution to national
development. In this context, it is necessary not only to provide prospective teachers with theoretical
knowledge but also to meet their expectations regarding their practical experiences before graduation.
In particular, the evaluation of pre-service teachers' education at the 4th grade level is a critical stage in
terms of their preparation for their teaching careers.

Evaluating serves as a key factor the degree to which pre-service teachers reflect the knowledge
gained from the “assessment of classroom learning” course to other fields of education. This study aims
to determine how pre-service teachers associate the knowledge they acquire from this course with the
content of the “Teaching Practice I”” course. In this context, revealing to what extent this information is
effective in the lesson plans of the pre-service teachers during the adaptation process to the field will
make a valuable contribution to the efficiency of the “Teaching Practice II”” course that they will take in
the second semester of the 4th grade.

In addition, considering the pre-service teachers' measurement and assessment preferences before
graduation, it is aimed to assess the extent to which alternative measurement and assessment approaches
in the updated curricula (MoNE; 2018, 2024) are adopted. This evaluation has the potential to guide
researchers in the field and hopes to contribute to the development of innovative and effective teaching
approaches.

Literature review

In a study evaluating the frequency of teachers' use of traditional and alternative assessment tools
and strategies, it was found that teachers preferred to use traditional methods (Williams-McBean, 2022).
Uygun and Sarag (2020), investigating pre-service classroom teachers' preferences for assessment and
evaluation techniques were examined through lesson plans, demonstrated pre-service teachers’
preference fortraditional assessment and evaluation techniques more. According to prospective primary
school teachers, it was determined that it is appropriate to use alternative assessment and evaluation
techniques in science subjects in order to realize permanent and meaningful learning (Palaz, 2022). As
a result of the research on alternative assessment strategies and classroom practices of foreign language
teachers, also they used traditional approaches as well as alternative assessment, and it was also found
that teachers need to be exposed to current assessments that they can use in teaching and need training
in this regard (Singh et al., 2022). In a similar study conducted with Turkish teachers, it was put forward
that Turkish teachers did not use process-oriented complementary assessment and evaluation tools at a
sufficient level and that traditional tools were preferred more by teachers (Tiirkben, 2022). Congruent
with these results, Bulut et al. (2022) revealed that teachers predominantly preferred traditional methods
(Bulut, Ceylan & Ceylan, 2022). On the other hand, students' perceptions of alternative assessment at
university and school level were investigated and it was found that students had a positive perception of
the application of alternative assessment (Alokozaya, 2022).

The existing literature embodies some studies conducted on the attitudes of teachers or pre-
service teachers towards alternative assessment and evaluation (Avan et al., 2019), perceptions/opinions
(Alokozaya, 2022; Al¢in & Inanici, 2020; Bulut, Ceylan, & Ceylan, 2022; Karakus, 2020; Kaya, 2018;
Uygun, 2020), knowledge or usage levels (Singh et al., 2022; Sahin & Soylu, 2019; Williams-McBean,
2022; Yildiz & Yildiz, 2019), competencies (Celebi & Kusuguran, 2019; Dilmag¢ & Dilmag, 2020) or
the effects of alternative assessment and evaluation approaches on students' academic achievement
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(Bektiiziin & Yel, 2019; Kepek & Izci, 2021) or attitudes (Aydogdu, Tutak, & Kaya, 2020) as a result
of their application to educational environments. In parallel with these results, in the analysis of the
studies on alternative assessment and evaluation, it was found that there were studies in which the
opinions of teachers / prospective teachers were mostly taken between 2008-2020 (Alokozaya, 2022;
Sahin & Kaya, 2020). However, it was seen that the studies examining the level of transferring what
they learned to another course content independently of the course they took remained at a limited level.
Especially in terms of evaluating the ability of pre-service teachers to use and transfer the knowledge
they have learned in one field to another field, this study is considered to be important in terms of
evaluating the level of reflecting their knowledge of traditional or alternative assessment and evaluation
approaches that they have learned while taking the course on the evaluation of classroom learning of the
measurement and evaluation approaches preferred by pre-service teachers in the lesson plans they
prepared in the Teaching Practice I course to other application areas without grade anxiety and will
make important contributions to the literature. In this context, the research questions of the study are as
follows:

In the lesson plans prepared by the prospective science teachers,
1- What are their preferred assessment and evaluation techniques?
2- What are the measurement and assessment techniques they prefer according to the subjects?

3- How is the distribution of the measurement and assessment techniques they use in subject areas
according to grade levels?

METHOD

Research Design

In this study, case study research methodology was used. A case study can basically be defined
as an intensive study about a person, a group of people or a unit, aiming to make generalizations about
more than one unit (Heale & Twycross, 2017). As a data collection tool, documents were used within
the scope of document analysis method. The document analysis method is the process of analyzing and
interpreting written materials containing information about the phenomenon or phenomena under
investigation (Yildirim & Simsek, 2018). This process involves the evaluation of data to create meaning
and develop empirical knowledge (Bowen, 2009. age. p.27; cited in Ozkan, 2021).

Document review is a method used for scientific research and provides research data by
collecting, reviewing, questioning and analyzing various documents (O'Leary, 2017; Ozkan, 2021).
Documents that can be used in research can be agendas, attendance records, meeting minutes, manuals,
notes, books, diaries, journals, program records, letters, charts, newspapers, artworks, program details,
survey data, various public records and notebooks. These documents can be used as data sources for
researchers (Labuschagne, 2003; as cited in Kiral, 2020). In the current study, the lesson plans prepared
by pre-service science teachers within the scope of the Teaching Practice I course were handled as
documents, and pre-service teachers' preferences for measurement and evaluation approaches were
examined in terms of different variables.

Research Group

While determining the research group, convenience sampling, one of the purpose-oriented
sampling methods, as well as criterion sampling methods were taken into consideration. Convenience
sampling is the most frequently used but least desirable strategy in qualitative research (Patton, 2005).
The aim of adopting this method is mainly related to its potential to lead (Bernard, 2011). In criterion
sampling, as useful in terms of reflecting the characteristics of predetermined criteria to collect
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information about targeted situations (Patton, 2014). While determining the research group, it was
determined as a criterion that the pre-service teachers had taken measurement and evaluation, evaluation
of classroom learning, Science Teaching I and II courses. The pre-service teachers completed all of these
courses in the fall semesters of the 3rd and 4th grades. In this context, the pre-service teachers
participating in the study meet the specified criteria. The data of the study consisted of the lesson plans
prepared by pre-service science teachers (N=65) who took the Teaching Practice I course in the fall
semester of the 2023-2024 academic year.

Collection of the Data

The data in the study were obtained from the lesson plans prepared by the prospective teachers
for the subjects they were to teach in the internship schools within the scope of the Teaching Practice I
course in accordance with the purpose of the research. According to the agreement signed between the
Republic of Turkey MoNE (2018) and Council of Higher Education (CoHE, 2018) in line with the
"Directive on the Teaching Practice of Prospective Teachers in Educational Institutions Affiliated to the
Ministry of National Education" prepared by the Ministry of National Education General Directorate of
Teacher Training and Education, prospective teachers have to fulfill the task of lecturing at least 4 (four)
times during the practice period (MoNE, 2018; Article 7). However, this number is determined
depending on the number of practicum students per practicum teacher. In this context, pre-service
teachers are expected to plan the lesson for the subjects they will teach. Since the pre-service teachers
were exposed to various teaching methods, approaches and models within the scope of the Science
Teaching I and II courses they took in the 3rd grade, no criteria/limitations were imposed on the pre-
service teachers in terms of both the method/model/approach they would use and the physical structure
of the plan (such as giving a lesson plan template, including measurement and evaluation
techniques/approaches in their plans). The pre-service teachers were not intervened in this regard. As a
result, every lesson plan should include an assessment and evaluation section. In this context, the
internship files submitted by the 4th grade pre-service teachers at the end of the Teaching Practice I
course were collected and one lesson plan in this file was included in the evaluation. The lesson plan to
be included in the evaluation was the first one among the plans in the internship file of each pre-service
teacher. The reason for this is that a standard order was determined in the selection of the plans and the
time period when all pre-service teachers first started their teaching practice courses was preferred. Since
in the following weeks of the teaching practice courses, different mentor teachers in different practice
schools and different faculty members working in the teaching practice course at the faculty will
intervene in the lesson plans and their revision suggestions will be different, and this situation may affect
the pre-service teachers' choices in the lesson plans, the first plans were evaluated with the idea that the
evaluation would be healthier. The pre-service teachers prepared their lesson plans to cover one lesson
hour (40 minutes) by using their knowledge of lesson plan preparation, which they frequently
experienced in various course contents they took during their undergraduate education.

Analysis of the Data

The data were analyzed by document analysis in accordance with the nature of the research. The
scholarly work indicates that the stages of document analysis are followed in different ways in the
literature (Altheide & Sak, 2017; O'Leary, 2017), and based on these different stages, in the process of
data analysis in the current research; data collection protocol, coding, data analysis -comparison- and
reporting stages were followed (Sak et al., 2021). Within the scope of the research, a total of 65 lesson
plans were analyzed. The measurement and evaluation section of the lesson plans were analyzed
separately by the researcher and a faculty member who is an expert in science education, and codes and
frequencies were determined. For the reliability of the study (Reliability= Agreement/Agreement +
Disagreement x 100), the agreement between the coders was calculated (Miles & Huberman, 1994), and
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as a result, 96% agreement was achieved. The remaining data were recorded by the researcher by
creating codes for each of the measurement and evaluation techniques on the Microsoft Excel program
and the necessary analyzes were made.

FINDINGS

In this section, firstly, the findings related to the assessment and evaluation techniques preferred
by pre-service science teachers in the lesson plans they prepared are presented. Then, the findings related
to the measurement and evaluation techniques they preferred according to the subject areas were
presented. Finally, the findings related to the distribution of the subject areas in which they used
measurement and assessment techniques according to grade levels were presented.

Findings Related to the Assessment and Evaluation Techniques Preferred by Prospective
Science Teachers in Their Lesson Plans

The findings regarding the assessment and evaluation techniques preferred by pre-service teachers
are presented in Table 1.

Table 1
Assessment and evaluation techniques preferred by pre-service teachers in their lesson plans
Assessment
and Assessment and Evaluation Techniques frequency
Evaluation )
Approaches
Question and answer 7
g Open-ended questions 7
28 Fill in the blank/short answer 10
€28z True-False 16
£ 42 28 Multiple choice test 24
o 0= .S ..
£2°2S 3 Pairing 7
H<&E Total 71
Concept map 4
Structured grid 8
g Diagnostic branched tree 8
0B = 3 Meaning analysis table 4
= é’ S B Puzzle 1
& %38 Concept network 2
229879 Mind map 1
< <HE  Total 28

According to the findings in Table 1, it is seen that pre-service teachers mostly preferred
traditional assessment and evaluation techniques (f=71) in their lesson plans, while alternative
assessment and evaluation techniques (f=28) were significantly less preferred. The analysis of the
preference of pre-service teachers for traditional assessment and evaluation techniques demonstrated
that the most preferred techniques were multiple-choice tests (f=24), and the least preferred techniques
were question-answer and open-ended questions (f=7). Among the alternative assessment and
evaluation techniques, the most preferred techniques were structured grid and diagnostic branched tree
(f=8) and the least preferred techniques were puzzle and mind map (f=1). The distribution of the
frequencies of traditional and alternative techniques on the graph is shown in Figure 2.

Figure 2
Distribution of the frequency of preference of traditional and alternative techniques on the graph
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Findings Related to The Assessment and Evaluation Techniques Preferred by Prospective

Science Teachers in Their Lesson Plans According to Subject Areas

Table 2 shows the tendencies regarding the assessment and evaluation techniques preferred by
pre-service teachers for physics, chemistry and biology subjects in their lesson plans.

Table 2
Assessment and evaluation techniques preferred by pre-service teachers in their lesson plans according
to subject areas

Assessment and Evaluation Science subject areas
Techniques Physics (f)  Chemistry(f)  Biology ()

Question and answer 2 1 4

2 Open-ended questions 6 - 1

Téi = 5 § Fill in the blank/short answer 8 1 1
S 8%.8  TrueFalse 10 1 5
"g % TE % Multiple choice test 11 3 10
= % n e Pairing 4 1 2
< Total 44 7 23
Concept map 1 - 3

2 Structured grid 2 1 5
SR Diagnostic branched tree 3 4 1
§8E5.9 Meaning analysis table 1 - 3
E % 73 % Puzzle 1 - -
< % A = Concept network 2 - -
< Mind map - - 1
Total 10 5 13

According to the findings in Table 2, pre-service teachers mostly preferred physics subjects (f=44)
from traditional techniques in their lesson plans, and mostly preferred multiple-choice test (f=11) and
true-false (f=10) techniques in physics subjects.

On the other hand, among the alternative techniques, pre-service teachers mostly preferred
biology subjects (f=13), and in biology subjects, they mostly preferred the structured grid (f=5)
technique. On the other hand, the least preferred traditional techniques were question and answer in
physics (f=2), question-answer, fill-in-the-blank/answer, true-false and matching in chemistry (f=1),
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open-ended questions and fill-in-the-blank/answer in biology (f=1); alternative techniques were concept
map and semantic analysis table in physics (f=1), structured grid in chemistry (f=1) and diagnostic
branched tree and mind map in biology (f=1).

Among the traditional techniques, open-ended questions in chemistry; among the alternative
techniques, puzzles and mind maps in physics; semantic analysis table, puzzles, concept network and
mind map in chemistry; and puzzles and concept network in biology were not preferred at all.

In general, pre-service teachers preferred chemistry subjects the least in both assessment and
evaluation approaches.

Findings Related to The Distribution of Assessment and Evaluation Techniques Used by
Prospective Science Teachers in Their Subject Areas According to Their Grade Levels

Table 3 presents the findings regarding the distribution of the assessment and evaluation

techniques used by pre-service teachers in the subject areas of their lesson plans according to their grade
levels.

Table 3
The distribution of the assessment and evaluation techniques used by pre-service teachers in their
subject areas according to their grade levels

Physics subject Chemistry Biology
Assessment area subject area subject area
and Class levels(f)  Class levels(f) Class levels(f)
Evaluation 5. 6. 7. 8|5 6. 7. 8|5 6. 7. 8.
Techniques
% Q. and ans. 3 1 1 1 2
o B Op-en Q. 3 3 1
- 8 E Fill blank/short 4 3 1 1 1
g ‘g 3 True-False 6 2 1 1 1 5
=l - Mul. C. test 3.1 5 2 1 2 2 2 4
2 .g Pairing 2 1 2 1 2
= ?E Total 21 10 6 4 -2 2 3 12 2 4
g
Concept map 2 3
2 Structured grid 1 2 1 3 1
g = E § Diagnostic b.t 1 3 2 1
‘g g ‘§ g Mea. An. table 3
825 Puzzle
<2 @& Concept net. 1
< Mind map 1
Total 2 1 7 - 2 - -1 4 8 - -

When Table 3, which shows the findings on the distribution of the assessment and evaluation
techniques used by the pre service teachers in the subject areas in their lesson plans according to the
grade levels. The pre-service teachers mostly preferred the subjects at the Sth (f=21) and 6th (f=12)
grade levels. At the 5th grade level, mostly physics topics were used, and it was determined that they
preferred the true-false technique (F=6) among the traditional techniques, while they preferred the
structured grid and diagnostic branched tree technique (f=1) among the alternative techniques. At the
6th grade level, biology subjects were preferred the most, and it was observed that the true-false
technique (f=5) was used the most among the traditional techniques, while concept map and semantic
analysis table techniques (f=3) were used among the alternative techniques.
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Conclusion and Discussion

In this study, the assessment and evaluation techniques selected by pre-service science teachers
in line with their preferences in the lesson plans they prepared in the Teaching Practice I course and the
distribution of these techniques according to subject and grade level components were examined. It was
found that the pre-service teachers mostly preferred traditional assessment and evaluation techniques in
their lesson plans and among these techniques, they mostly preferred multiple-choice test technique.
Among the alternative assessment and evaluation techniques, pre-service teachers mostly used
structured grid and diagnostic branched tree techniques in their lesson plans.

The current body of research integrates studies revealing that teacher (Duran, 2013; Okur, 2008;
Williams-McBean, 2022) or pre-service teachers (Uygun & Sarag, 2020) mostly prefer traditional
measurement and evaluation techniques in studies conducted in various time periods, which is in parallel
with the results of the current study. While Uygun and Sarag¢ (2020) concluded that the question-and-
answer technique was preferred the most among the traditional techniques in their study, the current
study indicated varied findings in that the multiple-choice technique is mostly preferred. Another
situation that differs from the studies is that while performance/project assignments are mostly preferred
among alternative techniques (Karakus, 2020; Okur, 2008; Uygun & Sarag, 2020), structured grid and
diagnostic branched tree techniques are the most preferred techniques in this study. Yunus (2018) took
students' opinions about the alternative techniques used in the teaching process in a study and concluded
that students enjoyed using structured grid and then diagnostic branched tree techniques the most.
Similarly, Kepek and Izci (2021) and Halaci (2012) took the opinions of students about alternative
techniques in their studies and concluded that students generally had positive opinions about the use of
structured grid and diagnostic branched tree and wanted them to be used in teaching. When evaluated
in the context of these positive opinions, the pre-service teachers' preference for these two techniques
among the alternative techniques in their lesson plans reflects the consistency between the results. In
addition, it is among the results that these techniques are significantly more effective in increasing
academic achievement (Kepek & Izci, 2021).

Studies conducted in various countries and at different grade levels are generally conducted to
determine students' perceptions or attitudes about alternative assessment and evaluation (Alokozaya,
2022; Ayu Fajarsari, 2016; Barnard Bachelor, 2017; Hameda Suwaed, 2018; Irawan, 2017). As a result
of these studies, it was concluded that students' perceptions and attitudes towards the use of alternative
techniques were positive. The fact that alternative techniques perceived positively by students are less
preferred by teachers or pre-service teachers in national or international studies so far with the current
study (Duran, 2013; Singh et al., 2022) is important and should be among the issues that need to be
studied.

Another important issue that draws attention in the issue that of the current study but is not
reflected in the findings because it is not included in any of the traditional or alternative assessment
techniques categories in the literature is the Wordwall technique (f=13). Wordwall is defined as an
online assessment tool that gamifies assessment categories such as question-answer, matching, short
answer, multiple choice and true-false in the form of interactive tests (Khairunisa, 2021; Rahmasari,
Murdiono, Sunarso, 2022; Shiddiq, 2021). Although Wordwall is technology-supported in accordance
with today's conditions, it is noteworthy that it is based on traditional assessment and evaluation
approaches, but it can also be used effectively in individual and group assessments. On the other hand,
there is the "Scratch and Challenge Board" technique that has taken its place in literature under the name
of alternative assessment techniques. This technique is defined as an alternative assessment that brings
together different materials such as visuals, colors, and visual effects, and evaluates student performance
through presentation, action, peer and group activities, or a combination of these through collaborative
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visualization of creative ideas (Sulaiman et al., 2021). At the same time, when the content of CoHE
(2018) science teaching undergraduate program is examined, the teaching of web 2.0 tools is among the
subjects of the 'Material Design in Science Teaching' course in the 3rd grade and techniques such as
Scratch and Wordwall are taught within the scope of this subject content. At this point, why did the pre-
service teachers prefer the Wordwall technique, which reflects the traditional understanding, instead of
the 'Scratch and Challenge Board' technique? As an answer to this question, although the opinions about
alternative techniques are positive and support academic achievement, traditional methods cannot be
easily abandoned.

The distribution of the subjects included in the lesson plans prepared by the prospective teachers
is as follows. They included mostly physics and least chemistry subjects in traditional assessment and
evaluation techniques and mostly biology and least chemistry subjects in alternative assessment and
evaluation techniques. Based on these results, pre-service teachers prefer physics subjects and multiple-
choice test technique among traditional techniques, while they prefer biology subjects and structured
grid technique among alternative techniques, so they feel themselves more competent in these fields and
techniques. On the other hand, it can be inferred that they did not feel themselves at a sufficient level
because both techniques included chemistry subjects the least. When we look at the distribution of the
questions in the PISA 2022 (OECD, 2023) exam, which measures science literacy at the international
level, most of the questions are related to matter and therefore reflect chemistry topics. Therefore, it can
be concluded that it is important to give importance to the preference of chemistry subjects in lesson
plans and to utilize alternative assessment and evaluation techniques in this subject area.

When the findings related to the distribution of the subjects in which pre-service teachers used
measurement and evaluation techniques in their lesson plans according to the grade levels were
examined, it was found that pre-service teachers generally prepared their lesson plans by preferring the
subjects at the 5th and 6th grade level. On the other hand, 8th grade level subjects are included at a
limited level. It was observed that the pre-service teachers who went to the internship said that exam-
oriented studies were carried out in the 8th grade, so mostly multiple-choice tests were used and
alternative evaluations were given very little space. Based on the findings of the study, when analyzed
according to the grade levels, it can be interpreted that the reason why pre-service teachers prefer the
lesson plan the least at the 8th grade level is that these grade levels are more exam-oriented rather than
lecturing and multiple-choice test questions are included. As a matter of fact, Williams-McBean (2022)
concluded in his study that school policies requiring grade point averages and express positive attitudes
towards exams affect teachers to use traditional methods despite the type of school. However, the fact
that the lesson plans prepared by pre-service teachers mostly did not include alternative methods at the
5th and 6th grade levels, which was not in line with the expectations, was found to be a surprising finding
despite the expected results of the study.

SUGGESTIONS

The results of the studies in the related literature show that teachers' knowledge and skills in
participating in effective assessment practices need to be improved (Sewagegn, 2019; Organization for
Economic Cooperation and Development [OECD], 2019). In order to determine what teachers need, it
is important to identify current assessment practices and to be able to understand and explain these
practices (Williams-McBean, 2022).

It was determined that answer keys (rubrics) related to the measurement and evaluation
approaches preferred by the pre-service teachers in their lesson plans, which is considered as an
important issue observed during the process of the study. Among the 4th grade undergraduate courses,
within the scope of the 'assessment of classroom learning' course, theoretical knowledge of both
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traditional and alternative techniques is given, the creation of a rubric for the measurement and
evaluation technique used, the issues to be considered while creating it, and the information that this
rubric should be added to the lesson plan.

Teaching practice is a period in which pre-service teachers are part of the education process.
During this period, pre-service teachers can develop their teaching skills in one or more classrooms
under the supervision of the teacher in charge. During this practicum, pre-service teachers follow the
teachers in charge at their grade levels and teach lessons under their supervision. In this process, pre-
service teachers may have different experiences and expectations depending on the grade levels and
subjects. Pre-service teachers may think that the choice of a particular class and subject should be in
accordance with their preferences. However, pre-service teachers' choice of grade level and subject
matter in the teaching practicum process may not only depend on the pre-service teacher's preference.
Since pre-service teachers had to follow teachers in charge of different grade levels in their internship
schools, they may have had to choose the subject areas and grade levels reached in the study. Although
the first lesson plans were taken into consideration in order to prevent these situations from affecting
the study, different approaches and criteria can be considered in this regard. In our country, more detailed
analysis of criteria such as the schools preferred within the scope of teaching practice, determination of
responsible teachers, etc. can be made, and more comprehensive information can be obtained by
examining the lesson plans within the scope of the teaching practice II course.

Another issue that was observed among the results of the study but not reflected in the findings
of the study and considered to be important, was that the pre-service teachers mostly (N=57) prepared
their lesson plans according to the SE or 3E learning model and to a limited extent (N=8) according to
the TGA (Prediction-Observation-Explanation) learning model. It is noteworthy that pre-service
teachers mostly used the 5E or 3E learning model in their lesson plans although they learned many
learning models, methods and approaches in the 'science learning and teacher approaches' course among
the 2nd year undergraduate courses. The extent to which the selected learning models, methods and
approaches can affect the lesson plan process and even the preferred assessment and evaluation approach
can also be investigated.
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Gergeklestirilen calismada STEM/STEAM (STEM+Art) ve robotik kodlama
uygulamalarinin 21. Yiizyill 6grenme ve yenilenme becerileri ile iliskisini
inceleyen lisansiistii tezleri analiz etmek amaglanmistir. Bu amacgla, YOK
Ulusal Tez Merkezi veri tabaninda yer alan lisansiistii tezler; tez tiirdi, yil,
iiniversite, enstitii, aragtirma alani, 21.yiizy1l 6grenme ve yenilenme beceri
tiirli, orneklem tiirli ve sayisi, 6rneklem se¢imi, aragtirma yaklasimi, veri
analizi ve bulgular gibi kriterler temelinde siniflandirilarak tematik bir
cercevede incelenmistir. Orneklem kapsaminda 237 tez calismasindan
arastirmanin amacina uygun olan 83 yiiksek lisans ve 29 doktora olmak {izere
toplam 112 tez galigmasi sistematik analizle incelenmis ve veriler betimsel
analizle ¢oziimlenmistir. Bulgulara gore, ¢caligmalarin en fazla 2019 ve 2023
yilinda tamamlandig1, konularin en yogun olarak STEM alaninda ele alindig1
ve problem ¢6zme becerisinin arastirildigi, katilimcilarin gogunlukla ortaokul
Ogrencilerinden olustugu, Orneklem segiminde en c¢ok uygun ornekleme
metodunun kullanildig1 ve 6rneklem biiytlikliigiiniin 31-100 arasinda oldugu
belirlenmistir. Caligmada ayrica yontemsel olarak cogunlukla karma aragtirma
deseninin tercih edildigi, STEM/STEAM ve robotik kodlama uygulamalarinin
etkisinin en fazla problem ¢6zme ve yaraticilik alaninda oldugu, bununla
birlikte 6grenme siirecine yonelik is birligi, iletisim, elestirel diisiinme ve
yenilikgilik becerileri agisindan da olumlu katkilar sagladig: belirlenmistir.
Tez caligmalarin analizi kapsaminda ulasilan sonuglara gore gelecekte
yapilmasi planlanan yeni arastirmalara yonelik ¢esitli neriler sunulmustur.
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The effect of STEM/STEAM and robotic coding applications on 21st century skills: document analysis

INTRODUCTION

The 21st-century is recognized as an era of rapidly evolving digital technologies, including smart
devices, the Internet, cloud computing, social media, artificial intelligence applications, the Internet of
Things, and similar advancements. In this dynamic environment, individuals are expected to possess
highly developed skills such as information access, problem-solving, and critical thinking. Therefore, it
is crucial for education systems to adopt innovative methods and approaches that align with
contemporary needs. Among these innovative approaches, STEM (Science, Technology, Engineering,
and Mathematics) and STEAM (STEM integrated with the arts), along with robotics and coding
education, stand out as essential practices. These approaches contribute to the development of key 21st-
century skills such as analytical thinking, creativity, collaboration, communication, and digital literacy.
In fact, technological advancements have led to the widespread use of digital technologies across various
fields, accelerating their integration into educational processes (Imaniah, 2023; Ozdamar & Aydin,
2022; Qashou, 2021; Talan, 2022; Valverde-Berrocoso et al., 2020). As part of the innovations brought
about by digital transformation, many technological tools and resources have become integral to learning
activities. However, digital transformation in education is not merely about incorporating digital tools
into the process; it is a transformative approach aimed at equipping both learners and educators with
national and international competencies, preparing them to be future-ready individuals (Bozkurt et al.,
2021). In this regard, learning environments and curricula have been restructured to meet contemporary
demands, integrating innovative practices into educational programs. One such educational approach is
STEM education, which encompasses interdisciplinary teaching practices from preschool to higher
education, fostering the acquisition of 21st-century skills (Findik et al., 2023). STEM education is
recognized for enhancing various competencies, including academic success, problem-solving,
creativity, and communication (Idin & Donmez, 2020). Particularly, robotic coding applications within
the STEM framework support the development of creative and systematic thinking, help students
understand relationships between events (Giileryliz et al., 2020), and facilitate the acquisition of essential
21st-century skills such as problem-solving, critical thinking, creativity, and collaboration (Arafat et al.,
2024). To support these objectives, the Partnership for 21st Century Skills (P21) advocates for
educational support systems that involve all stakeholders. These systems include 21st-century standards,
assessments, curriculum design, teacher professional development, and learning environments, all
aimed at fostering and ensuring the development of essential 21st-century skills in students (Aksoy &
Taskin, 2019; Zhou, 2023).

21st Century Skills

Information and communication technologies continue to develop rapidly in recent years.
Especially the widespread use of mass media together with the internet has facilitated data sharing and
access. Rapid developments in information and communication technologies require the formation of a
social structure that can adapt to this progress at a parallel speed (Aktan & Vural, 2016). In line with
this necessity, various skills such as creativity, problem-solving, critical thinking, cooperation,
communication, learning to learn, entrepreneurship should be effectively taught and learned in order to
adapt and contribute to the development process (Onal & Erisen, 2019). These skills are considered
within the framework of 21st-century skills (Thornhill-Miller et al., 2023).

Although 21st-century skills do not have a fixed and unchanging definition in the conceptual
framework, it refers to the competencies that individuals should have in this century (Coskun, 2022;
Saym & Seferlioglu, 2016). In Turkey, Ministry of National Education-MoNE (2023) published the
'Research Report on 21st Century Skills and Values', which contains a systematic analysis and results
of national and international research conducted within the framework of 21st-century skills. The report
states that 2 1st-century skills, which are addressed in different frameworks and overlap in many models,
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are generally defined as the competencies students need to be successful in their personal, academic and
professional lives and include skills such as access to information, critical thinking, problem-solving,
effective communication and collaboration. However, in the same report, MoNE (2023) categorised the
basic 21st-century skills that students should have under seven main headings: social and emotional
skills, language and communication skills, higher-order thinking skills, personal skills, learning skills,
study skills and digital skills. This classification suggests that 21st-century skills are addressed in a broad
framework. On the other hand, many institutions and organisations at the international level address
21st-century skills with different definitions and classifications (Kuru, 2021). The Partnership for 21st
Century Learning (P21) project, which is one of these organisations, provides a comprehensive
framework that is well known to the global public and accepted as valid by the authorities (Kilig, 2022a).
For this purpose, a framework for the implementation of 2 1st-century skills in curriculum and instruction
has been developed within the scope of a strategic education project ‘Partnership for 21st Century
Learning (P21)’ implemented in 21 states in the United States and supported by 33 institutions (Gelen,
2017). This framework is organised to ensure that students are ready to work in a more competitive
global economy in the 21st- century (Bozkurt, 2021). The education project also offers a broad approach
to learning, including areas such as digital literacy, media and technology literacy.

The P21 framework consists of three main components. These are learning and regeneration
skills, life and career skills, information, media and technology skills (P21, 2019). Learning and
innovation skills, which include creativity, innovation, critical thinking, problem-solving,
communication and collaboration skills, are considered to be among the most important skills that
individuals should have in academic and daily life (Orak & Indzii, 2021). In the 21st-century, it is
emphasized the development of creativity and innovation skills has become increasingly important for
success in both academic and business environments (Adeoye & Jimoh, 2023; Akarsu, 2024) and that
learning that supports problem-solving skills is effective in the development of creativity skills (Giiven
& Kavuncuoglu, 2020; Kashani-Vahid et al., 2017). Life and career skills, which include competencies
such as flexibility and adaptability, entrepreneurship and self-direction, leadership and responsibility,
social and intercultural skills, productivity and accountability, are also recognised as necessary skills to
equip individuals in the 21st-century to anticipate and solve complex problems in living and working
environments (Zuwanda et al., 2021). Information, media and technology skills are generally referred
to as digital competence, ICT literacy, digital literacy or skills and competences related to the use of
digital technologies (Hazar et al., 2021). It is stated that these skills are necessary for personal
development and success as well as for social progress as a whole (Zhou, 2023) and that they are
necessary for the individual to keep up with the age and to be productive and effective (Ozer & Tekin
Bozkurt, 2024). The P21 framework has been accepted by the education systems of many countries
around the world and has been put into practice through various projects (Gelen, 2017). The P21
framework overlaps with the 2 1st-century skills in the "2 1st Century Skills and Values Research Report"
published by the MoNE (2023). STEM/STEAM activities, which is a learning approach used to develop
these skills in learning environments (Fajrina et al., 2020). STEM and STEAM practices include
practices that are put forward to develop various skills such as creativity, critical thinking, collaboration,
and communication.

STEM and STEAM Education

STEM is an abbreviation formed by combining the initials of the English words science,
technology, engineering and mathematics. While it was previously referred to as SMET, it was
reorganised as STEM in 2001 by the National Science Foundation of the United States of America and
aimed to develop students' interests and competencies by integrating these disciplines into education
(Britannica, 2024). STEAM emerged with the inclusion of artistic activities in STEM practices
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(Aguilera & Ortiz-Revilla, 2021; Costantino, 2018; Kahya & Ozdilek, 2021). It is aimed to develop
students' 21st-century skills with the activities carried out by combining STEM and art (Watson, 2020).
In addition, STEAM education, which supports STEM education in fields such as art (STEAM), design
and humanities, is expressed as an approach that can be used to model learners' innovation, creativity,
critical thinking, effective communication and collaboration within the scope of 21st-century skills
(Quigley & Herro, 2016). However, STEAM education, which is considered a popular interdisciplinary
pedagogical approach to develop students' creativity, problem-solving skills and interest in STEM
(Perignat & Katz-Buonincontro, 2019), is being addressed in many countries to develop subjects such
as entrepreneurship, critical thinking, interdisciplinary integration and creativity (Chang et al., 2024). In
addition, STEM education is also a very effective process in this context, and the interdisciplinary
approach to teaching and learning that it offers increases the adaptability to this concept over time
(Tytler, 2020). It is stated that this approach improves individuals' personal information literacy,
increases competitiveness in the global economy, and forms the basis for conscious and responsible
citizenship, including the ethical protection of our world (Maass et al., 2019). In addition, STEM
activities help children develop problem-solving skills and scientific thinking processes by awakening
their natural curiosity and desire to explore (Erol & Ivrendi, 2021; Tippett & Milford, 2017). In
particular, STEM-based robotic coding applications can contribute to creative thinking skills by
enabling children to apply these skills in concrete projects.

Robotic Coding

In the 21st-century, coding, which is accepted as a new literacy, is the process of creating the
commands needed for computer programs to work (Saym & Seferoglu, 2016). Robotic coding is a type
of coding expressed by the combination of mechanical objects and coding (Karatag, 2021). Robotic
coding, which gives mobility to objects, is a field of technology used to increase efficiency and
productivity in various sectors. Some systems developed in this field offer user-friendly, easy-to-
understand interfaces and tools to facilitate the programming of robots. These systems allow robots to
be programmed without dealing with complex code-writing processes. Block-based programmes are
generally used for robot programming without writing code. With this system, the desired result can be
achieved by dragging and dropping predefined code blocks together. With these methods used in robotic
coding education, students can actively participate in the process and experience creating a product these
applications, especially in the robotic coding process in the primary and secondary school education
curriculum, can facilitate the development of students' cooperation, communication and leadership skills
(Gratani & Giannandrea, 2022). On the other hand, it is concluded that robotic coding practices support
the development of creativity, critical thinking, problem-solving, communication and computational
thinking skills, which are among the 21st-century learning and innovation skills (Erdogan et al., 2020;
Kilig, 2022b).

Purpose and Problem of the Research

There are studies in the literature that STEM/STEAM education and robotic coding applications
have an impact on the acquisition of 21st-century skills (Eguchi, 2016; Graffin et al., 2022; Gtileryiiz,
2020; Kriiger & Chiappe, 2021; Metin et al., 2023). For example, a meta-analysis study conducted by
Saltan and Korkmaz (2024) found that educational robot kits had positive effects on students' problem-
solving, academic achievement, and scientific process skills. Similarly, Nazifah and Asrizal (2022)
emphasised in their study that STEM-integrated physics e-modules prepared for the development of
students' 21st-century skills are used in the learning process. Based on the findings of the studies, it can
be stated that STEM/STEAM and robotics coding applications contribute to the development of 21st-
century skills. However, it is felt that a comprehensive review of postgraduate dissertations on how these
practices work in different contexts and what variables make them more effective will contribute to the
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field. To this end, a systematic review of the type, year, university, institute, research topic, 2 1st-century
learning and innovation skill types, sample type and size, sampling method, research approach, data
analysis and findings of postgraduate these studies and how they are shaped within the data analysis and
findings and what kind of academic tendency they show in this context was undertaken. The main
research question of the study is expressed as follows:

What variables are prominent in postgraduate thesis studies examining the effects of
STEM/STEAM and robotics coding practices on 21st-century learning and innovation skills such as
creativity, innovation, critical thinking, problem-solving, collaboration and communication, and how
are these variables distributed? In this context, the following research questions were investigated.

1. What is the distribution of graduate theses on STEM/STEAM and robotic coding applications
in terms of type of thesis (master's/doctoral), year, university and institute?

2. What is the distribution of theses on STEM/STEAM and robotic coding applications?

3. What is the distribution of theses incorporating STEM/STEAM and robotic coding applications
in relation to 21st-century learning and innovation skills?

4. What is the distribution of the sample types and sample sizes in the theses?
5. What are the sampling methods and research approaches used in the theses?
6. What are the data analysis methods used in the theses?

7. What are the findings of the theses including STEM/STEAM and robotic coding applications
on the impact of 21st-century learning and innovation skills?

METHOD

Research Model

In this study, the document review method was used to determine the analysis of doctoral and
master's theses that examine the effects of robotic coding, STEM and STEAM applications on 21st-
century learning and innovation skills. Document review is a research method that is carried out to obtain
data by analysing written documents containing information about the facts and events related to the
subject of the research (Yildirim & Simsek, 2008).

Population and Sampling

In this study, master’s and doctoral theses that were conducted between 2017 and 2024 and found
in the YOK National Thesis Centre database were investigated. As the Ministry of National Education
published a framework roadmap for STEM education in 2016 (MoNE, 2016), postgraduate theses
conducted since 2017 were included in the study. The search using the keywords “STEM”, “STEAM”,
“FETEMM?” and “21st-century skills” retrieved 237 studies and 112 theses (83 master's, 29 doctoral)
that met the research criteria formed the sample of the study. “The Impact of STEM/STEAM and
Robotics Coding Applications on 21st Century Learning and Innovation Skills” were taken into
consideration as criteria in the sample selection of the study and the process progressed according to
these criteria.

Data Collection Process

In this study, a publication classification form containing the relevant themes was used as a data
collection tool, using the relevant literature. In developing the publication classification form, the
'Educational Technologies Publication Classification Form' developed by Goktas et al. (2012) was
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revised and used by the researchers according to the scope and objectives of the research.

In the data collection process of the study, searches were conducted using keywords in order to
access thesis studies suitable for the research topic from the master's and doctoral theses in the YOK
Thesis Center database. After searching with the keywords "STEM and 21st-century skills", "STEM
and creativity", "STEM and innovation", "STEM and collaboration", "STEM and critical thinking", and
"STEM and problem solving" in the advanced search section of the YOK Thesis Center database, the
terms "STEAM", "FeTeMM" and "Robotic Coding" were written instead of "STEM" and the master's
and doctoral theses were reached. During the data collection process, it was taken into account that the
studies accessed as a result of the scan included one of the STEM, STEAM, FeTeMM, robotic coding
practices and their impact on 2 1st-century learning and innovation skills, or one of the sub-dimensions
of learning and innovation skills (creativity, innovation, critical thinking, problem-solving,
collaboration, communication). The sampling process is shown in Figure 1.

Access to the database of the ‘STEM and 21st century skills’, ‘STEM and creativity’,
YOK Thesis Centre and ‘STEM and innovation’, ‘STEM and co-operation’, Instead of 'STEM', 'STEAM,
selection of theses completed in I$ ‘STEM and critical thinking’, ‘STEM and problem solving’ |:> 'FeTeMM” and Robotic Coding'

2017-2024 within the scope of Searching theses with keywords should also be included in the

e screening process.
. o Sample of 112 thesis studies in
Analysing the theses within the ) Reaching 237 theses
scope of research questions accordance with the purpose and R aaarohians

and classifying them according criteria of the research analysing the theses

Figure 1. Sampling and data collection process

Analysing the Data

The data of the study were analysed by descriptive analysis method. The aim of descriptive
analysis is to reach concepts and relationships that can explain the collected data. Within the scope of
descriptive analysis, a framework is created for the analysis, and the data are processed according to the
thematic framework, which further illuminates the findings and their interpretations (Yildirmm &
Simsek, 2008). In the study process, master’s and doctoral theses were examined one by one and
discussed within the scope of publication year, thesis type, university and institute, research topic, 21st-
century learning and innovation skill types, sample type and size, sampling method, research approach,
data analysis and findings. An example of a thesis analysis is shown in Table 1.

Table 1
Analysis of a sample thesis
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The data obtained from the studies were coded and grouped under the themes in the classification
form. In order to ensure the consistency of the coding process in the study, a coding study was carried
out for the theses analysed with the participation of two researchers. The codes were compared with
each other for internal consistency. The reliability formula proposed by Miles and Huberman (1994)
was used for comparison. If the result of the reliability formula is above 70%, the study is considered to
be reliable. As a result of the coding study, it was seen that the researchers presented consistent codings
and the agreement between the codings was 94%. For the codings for which there was no consensus,
the researchers came together again and discussed the codings until they reach a consensus.The findings
obtained from the study are presented in tables and explanations with frequency values.

FINDINGS

In this section, the findings obtained as a result of the study are presented. As a result of the
research, the information obtained within the framework of the type of postgraduate theses, year of
publication, universities and institutes, distribution according to research topic, distribution according
to learning and innovation skill types, sample type, sample size, sampling method, research approach,
data analysis and findings are presented in tables.

Table 2
Distribution of Thesis Studies by University, Year of Publication, and Thesis Type

Year

University 2017 2018 2019 2020 2021 2022 2023 2024 otal  Thesis Type
Afyon Kocatepe University 1 1 2 MSc
Akdeniz University 1 1 MSc
Alapya Alaaddm Keykubat 1 1 ) MSe
University

Amasya University 1 1 2 MSc
Atatlirk University 1 2 3 1 MSc/2 PhD
Axdm Adnan Menderes | 2 3 > MSe/l PhD
University

Bahgesehir University 2 1 3 MSc
Bayburt University 1 1 MSc
Bol.u Abgnt [zzet Baysal 1 1 MSe
University

Capakkgle Onsekiz Mart 1 1 MSc
University

Cukurova University 1 1 2 PhD
Dokuz Eyliil University 1 1 1 1 MSc/1 PhD
Diizce University 2 MSc
Ege University 1 1 MSc
Erciyes University 1 2 1 4 2 MSc/2 PhD
Er;lncar} Binali Yildirim 3 1 1 5 MSe
University

Esk.lseh{r Anadolu 1 1 MSe
University

Esk.lseh{r Osmangazi 1 MSe
University

Firat University 1 1 3 7 6 MSc/1 PhD
Gazi University 1 2 1 1 1 2 1 9 3 MSc/6 PhD
Giresun University 2 2 MSc
Hacettepe University 1 1 2 PhD
Hatay Mustafa Kemal 1 1 1 3 MSc
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University

[nénii University 1 1 MSc

Istanbul Aydin University 1 1 2 MSc

Istanbul University 1 1 2 1 MSc/1 PhD

Kafkas University 1 1 MSc

Kahramar.lmar'fls Stitcii 1 1 MSc

Imam University

Karamapo glu Mehmetbey ) ) MSe

University

Kastamonu University 1 1 MSc

Kirikkale University 1 1 2 MSc

KlI:@ehlI‘. Ahi Evran 1 1 ) MSe

University

Ku‘.tahya. Dumlupinar 1 1 MSe

University

Marmara University 1 1 2 1 5 MSc

Mersin University 1 1 2 1 MSc/1 PhD

Mugla Sltkl Kog¢man ) ) MSe

University

Mus Alparslan University 1 1 MSc

Necemettin Erbakan 2 1 3 2MSc/l PhD

University

Ne\.lseh1.r Hac1 Bektas Veli 1 ) PhD

University

ngde Qmer Halisdemir 1 1 MSc

University

Ondokuz Mayis University 1 1 1 3 PhD

Ordu University 1 1 PhD

Pamukkale University 1 1 PhD

Rec?ep Tgyylp Erdogan 1 1 ) MSe

University

Sakarya University 1 1 PhD

Siirt University 1 1 MSc

SIV:':IS Cgmhurlyet 1 1 MSe

University

Sulgyme}n Demirel 1 1 MSe

University

T01.<at G.a21osmanpa§a 1 1 MSc

University

Trabzon University 1 1 PhD

Trakya University 2 2 MSc

Usak University 1 1 MSc

Van Yiizlinciiy1l University 1 1 MSc

Yildiz Teknik University 2 1 1 4 3 MSc/1 PhD

Zopguldgk Biilent Ecevit 1 1 ) MSe

University

83 MSc

Toplam 3 15 26 11 14 14 26 3 112 29 PhD

MSc: Master's Degree PhD: Doctorate

Table 2 shows the distribution of master's (f=83, 74.11%) and doctoral (=29, 24.89%) thesis
studies conducted in 55 universities between 2017-2024. Gazi University (f=9, 8.04%) is the university
with the highest number of thesis studies, followed by Firat University (f=7, 6.25%), Erzincan Binali
Yildirnm University and Marmara University (f=5, 4.46%), and then Erciyes University and Yildiz
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Technical University (f=4, 3.57%). When the distribution by years is analysed, the most studies were
conducted in 2019 and 2023 (=26, 23.21%), followed by 2018 (f=15, 13.40%) and 2021 and 2022
(=14, 12.50%).

Table 3
Distribution of Thesis Studies by Institute and Thesis Type

. Thesis Type
Institutes Total
Master's Degree Doctorate
Institute of Educational Sciences 44 23 67
Institute of Natural and Applied Sciences 27 3 30
Institute of Social Sciences 12 3 15
Total 83 29 112

When the distribution of thesis studies in Table 3 according to the institutes, the institutes where
the most studies were conducted are Institutes of Educational Sciences (f=67, 59.82%), followed by
Institutes of Natural and Applied Sciences (=30, 26.79%) and Institutes of Social Sciences (f=15,
13.39%). 44 master's (f=44, 53.01%), 23 doctorate (=23, 79.31%) thesis studies were conducted in
Institutes of Educational Sciences, 27 master's (=27, 32.53%), 3 doctorate (f=3, 10.34%) thesis studies
were conducted in Institutes of Natural and Applied Sciences and 12 master's (=12, 14.46%), 3
doctorate (f=3, 10.34%) thesis studies were conducted in Institutes of Social Sciences.

Table 4
Distribution of Thesis Studies by Subject Area

Theme f Master's Degree Doctorate
STEM 90 67 23
STEAM 4 2 2
Robotic Coding 18 14 4
Total 112 83 29

When the distribution of studies according to their subject area is examined in Table 4, it is seen
that the most studied theme is STEM (F=90, 80.36%), followed by robotic coding (=18, 16.07%) and
STEAM (=4, 3.57%).

Table 5
Distribution of Thesis Studies by Subject Area of 21st-Century Learning and Innovation Skills

21st-Century Skills STEM STEAM Robotic Coding Total
Creativity 58 4 9 71
Innovation 21 1 6 28
Critical Thinking 45 2 7 54
Problem Solving 62 3 15 80
Collaboration 32 1 8 41
Communication 30 1 6 37
Total 248 12 51 311

Table 5 shows the distribution of 21st-century learning and innovation skills in the studies
according to subject area. Accordingly, problem-solving skill (f=80, 71.43%) is the most commonly
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used skill, followed by creativity skill (f=71, 63.39%) and critical thinking skill (f=54, 48.21%). When
the studies are examined within their themes, problem-solving skill emerging in 80 theses is mostly
handled with STEM applications (f=62, 77.50%), followed by robotic coding (=15, 18.75%) and
STEAM (f=3, 3.7.35%). Creativity skill, which was included in a total of 71 studies, was also studied
mostly with STEM (f=58, 81.69%), and was included with robotic coding (f=9, 12.68%) and STEAM
(f=4, 5.63%), respectively. Critical thinking skill was also addressed in a total of 54 studies and studied
mostly with STEM (=45, 83.33%), followed by robotic coding (f=7, 12.96%) and finally with STEAM
(=2, 3.70%).

Table 6
Distribution of Thesis Studies by Sample Type and Sample Size

Sample Type f Sample Size f
Preschool 15 | 1-10 6
Primary School 21 11-30 28
Middle School 45 | 31-100 65
High School 2 | 101-300

Undergraduate 22 | 301-1000 5
Teacher 7 1001 and above 1
Total 112 | Total 112

Table 6 shows the distribution of sample levels and sample sizes in thesis studies. The sample
level was mostly taken from secondary school students (f=45, 41.16%), followed by sample groups
consisting of undergraduate students (f=22, 19.64%). When the sample sizes are examined, it is seen
that 31-100 (=65, 58.04%) is preferred the most.

Table 7
Distribution of Thesis Studies by Sampling Method and Research Approach

Sampling Method f Research Approach f
Criterion sampling 20 | Mixed 61
Maximum variation sampling 10 | Quantitative 37
Homogeneous sampling 8 Qualitative 14
Typical case sampling 1

Convenience sampling 73

Simple random sampling 8

Total 124 [ Total 112

Table 7 shows the sampling method and research approach used in the studies. Convenience
sampling stood out as the most preferred one (f=73, 65.18%). In addition, since some studies included
more than one sample type due to their structure, it is seen that the total value (f=124) is more than the
total of the research (f=112). When the research method is examined, it is seen that the most mixed
research is (=61, 54.46%).

Table 8
Distribution of Thesis Studies by Data Analysis Methods

Quantitative Data Analysis f Qualitative Data Analysis f
t-test 66 Content analysis 60
ANOVA/ANCOVA 33 Descriptive analysis 40
MANOVA/MANCOVA 5

Correlation 8

97



Ahmet Kelesoglu Faculty of Education Journal (AKEF)

Regression 2

Mann Whitney U 27

Kruskal Wallis 6

Confirmatory Factor Analysis (CFA) 2

Total 149 Total 100

In Table 8 the distribution of the data obtained in the studies according to their analysis is
presented. The results revealed that in the analysis of quantitative data, the t-test was used the most
(f=66, 58.93%) whereas the qualitative data was mostly analysed through the content analysis (f=60,
53.57%).

Table 9
Distribution of STEM, STEAM, and Robotic Coding Applications in Thesis Studies by Their Effects on
21st-Century Skills

2 1st-Century Skill STEM STEAM Robotic Coding
st-Century Skills Effective  No effect Effective No effect Effective  No effect
Creativity 57 1 4 - 9 1
Innovation 20 1 1 - 6 -
Critical Thinking 44 1 2 - 7 -
Problem Solving 58 4 3 - 15 -
Collaboration 31 1 1 - 8 -
Communication 29 1 1 - 6 -

In Table 9, STEM, STEAM and robotic coding applications are generally effective in the
development of 21st-century learning and innovation skills. According to the findings of the theses
studies, STEM/STEAM and robotics coding training are particularly effective in developing creativity
and problem-solving skills. In addition, many theses found that these courses contributed positively to
the development of critical thinking, innovation, collaboration and communication skills. On the other
hand, in addition to the finding that STEM education has no significant effect on problem- solving skills,
there are also findings that it has no significant effect on creativity, innovation, critical thinking,
cooperation and communication skills. Another study found that training in robotics programming had
no significant effect on creativity skills.

DISCUSSION

In this study, 21st-century skills and their components, including learning and innovation skills
along with STEM, STEAM and robotic coding concepts are discussed. By reviewing the literature on
these concepts, definitions in line with the data obtained from many academic studies and various
findings obtained in the studies were mentioned. For the purpose of this study, the studies on the effect
of STEM, STEAM and robotic coding applications on 21st-century learning and innovation skills were
analysed from the master's and doctoral theses conducted in Turkey between 2017 and 2024 in the YOK
National Thesis Centre database. According to the data obtained, there are 112 thesis studies in 55
universities, 83 of which are master's theses and 29 of which are doctoral theses. The findings that the
studies were mainly conducted at the master's level overlap with the results of the meta-analysis study
conducted by Kazu and Kaplan (2024) and Cavas et al. (2020), which examined the impact of STEM
education. An analysis of the distribution of postgraduate theses by year reveals that the highest number
of studies was conducted in 2019 and 2023, with 26 theses in each year. In particular, the increase in the
number of studies on STEM applications after 2018 is noteworthy. This finding aligns with the fact that
STEM education has been included in the curricula in Turkey since 2018 (Uluyol & Pehlivan, 2019).
Cavas et al. (2020) also stated that there were no postgraduate theses on STEM in Turkey before 2014
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and that this issue was addressed in the following years. Similarly, in the study conducted by Ecevit et
al. (2022), which analysed research on STEM education in Turkey, it was found that the research was
mostly concentrated in 2019.

The distribution of studies by university shows that Gazi University had the highest number of 9
studies, followed by Firat University with 7 studies and then Erzincan Binali Yildirim University and
Marmara University, each with 5 studies, and Erciyes University and Yildiz Technical University, each
with 4 studies. Kaya and Ok (2020), in their research on the graduate thesis studies carried out in the
field of STEM education in Turkey, found that most of the dissertations in the field of STEM were
carried out at Gazi University, and Erzincan Binali Yildirim University was one of the higher education
institutions with the highest number of dissertations in the field of STEM. This can be interpreted as an
indication that the study has consistent findings with similar studies. When the distribution of thesis
studies according to the institutes in which they were carried out was analyzed, it was found that the
most studies were carried out in the Institutes of Educational Sciences with 67 studies, then in the
Institutes of Natural and Applied Sciences with 30 studies and in the Institutes of Social Sciences with
15 studies, respectively. These studies are distributed as 44 master's and 23 doctoral theses in the
Institutes of Educational Sciences, 27 master's and 3 doctoral theses in the Institutes of Natural and
Applied Sciences, and 12 master's and 3 doctoral theses in the Institutes of Social Sciences. Similarly,
in the content analysis study conducted by Caligkan and Okusuk (2021) on postgraduate theses
conducted within the framework of STEM education, it was observed that most of the theses were
conducted in the Institutes of Educational Sciences. The prevalence of studies conducted in the Institute
of Educational Sciences can be attributed to the recognition of STEM as a contemporary and global
educational approach. Looking at the distribution of theses studies on teaching activities, it can be seen
that 90 studies mostly addressed the effect of STEM education on 21st-century skills. Ichsan et al. (2023)
stated that STEM approach is especially important for 4C skills (Creativity, Colaboration, Critical
Thinking and Communication) among 21st-century skills and emphasised the need for a STEM
approach that will encourage these skills for Generation Z. This may be due to the fact that STEM
education is a more general approach and educational policy that can be used at all levels of education
(Akarsu et al., 2020; Arslan & Arastaman, 2021; Ay & Seferoglu, 2021).

Among the STEM/STEAM and robotics coding applications, the effect of STEM activities on
problem-solving, one of the 21st-century learning and innovation skills, was examined and a total of 62
studies were found to cover this area. Then, the relationship between STEM applications and creativity
in 58 studies, critical thinking in 45 studies, collaboration in 32 studies, communication in 30 studies
and innovation skills in 21 studies was investigated. Among the 51 studies addressing the theme of
robotic coding, the impact on problem-solving skills was the most frequently explored, with 15 studies
focusing on this aspect. Additionally, creativity was explored in 9 studies, collaboration in 8 studies,
critical thinking in 7 studies, and communication and innovation skills in 6 studies. In studies focusing
on the STEAM theme, creativity emerged as the most frequently addressed skill in four studies, followed
by problem-solving in 3 studies, critical thinking in 2 studies, and innovation, collaboration, and
communication skills in one study each. These findings highlight a predominant emphasis on problem-
solving and creativity skills. Duran and Sar1 (2021), in their research analyzing graduate thesis studies
on STEM education in the 4th and 5th grades of primary education, found that problem-solving skills
were the primary focus when examining the outcomes related to the acquisition of STEM education
skills. Similarly, numerous national and international studies in the literature highlight the impact of
STEM education on problem-solving skills (Acar et al., 2020; Astuti et al., 2021; Dogan et al., 2020;
Shongwe, 2024).

In terms of sample types of the thesis studies in the study, it is observed that 45 studies included
middle school students, 22 studies included undergraduate students, and 21 studies included primary

99



Ahmet Kelesoglu Faculty of Education Journal (AKEF)

school students. Considering the findings obtained in similar studies conducted in Turkey in the
literature, it is seen that secondary school level is generally preferred as the sample group (Caliskan &
Okusuk, 2021; Cavas et al., 2020; Dasdemir et al., 2018; Herdem & Unal, 2018; Kazu & Kaplan, 2024).
Regarding study group sizes, there are 65 thesis studies with a maximum size between 31-100. Similarly,
Zagl et al. (2022) found that the most common sample size used in their document analysis of character
education theses was less than 100. The preference for a study group of less than 100 people may be due
to concerns about keeping the sample under control (Ozgiir et al., 2018).

Within the scope of sample selection method, convenient/easily accessible sampling was
preferred in 73 thesis studies, followed by criterion sampling in 20 studies, maximum variation sampling
in 10 studies, affinity sampling and simple random sampling in 8 studies each, and typical case sampling
in 1 study. The reason why convenient/easily accessible sampling type is mostly preferred in the studies
may be due to the ease of access to the participants in the research and it’s advantageous in terms of
time (Evci & Yesiltag, 2023) and cost (Baltaci, 2018). When the distribution of the studies according to
their methods was examined, the mixed method was preferred in 61 studies, followed by the quantitative
method in 37 studies and the qualitative method in 14 studies. In a similar study conducted by Kaya and
Ok (2020), the fact that the most preferred method was the mixed method is consistent with the results
obtained. In the analysis of the data was evaluated, it was concluded that 60 content analyzes and 40
descriptive analyzes were used in qualitative research methods, while 66 t-tests and 33
ANOVA/ANCOVA tests were applied in quantitative research methods. It can be interpreted that
content analysis is the most preferred method among qualitative research methods because it enables
researchers to obtain in-depth information about a specific purpose or topic in their studies (Alanka,
2024). In addition, the preference for parametric tests such as t-test and ANOVA/ANCOVA in
quantitative data is thought to be due to the normal distribution of study groups and the fact that these
tests are effective and powerful statistical methods for assessing differences between group means.

When the thesis studies are analysed, according to the general findings on the effects of STEM,
STEAM and robotic coding applications on 21st-century learning and innovation skills, it is concluded
that STEM applications are effective in 58 studies in thesis studies where the effect of STEM
applications on problem-solving skills is discussed, while there is no effect in 4 studies. In the literature,
here are many studies demonstrating that STEM applications generally have a positive effect on
students' problem-solving skills (Erden & Yalgin, 2021; Giiven et al., 2021; Kartini et al., 2021; Muzana
et al., 2021). However, some studies include findings STEM education has a low effect on problem-
solving skills. For example; in the study conducted by Acisli Celik (2022), it was stated that STEM
education integrated with the 5E learning model did not create a significant difference in students'
problem-solving skills, but an increase was observed in general. In Asigigan and Samur (2021), the
effect of gamified STEM applications on students’ problem-solving skills was investigated and it was
emphasized that there was no significant difference between the experimental and control groups. Upon
reviewing theses on coding applications for robots, it was observed that all studies on problem-solving
skills contributed to the development of these skills. Similarly, in the studies on STEAM activities, it
was found that creativity skills were most often investigated and that STEAM activities contributed to
21st-century skills in all studies.

CONCLUSION AND SUGGESTIONS

As a result, within the scope of the findings obtained from master's and doctoral theses studies, it
can be stated that STEM, STEAM and robotic coding education contributes to the development of
students' 2 1st-century skills and these practices are more prevalent in secondary school education levels.
There are many national and international studies conducted in this area in the literature (Arafat et al.,
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2024; Bircan & Calisic1, 2022; Hadinugrahaningsih et al., 2017; Haymana & Ozalp, 2020; Nazifah &
Asrizal, 2022; Zainil et al., 2023) and their findings overlap with the findings of this study. Therefore,
although the instructional activities conducted in the context of STEM/STEAM and robotics coding
contribute to creativity, innovation, critical thinking, problem-solving, cooperation and communication

skills among the 2 1st-century learning and innovation skills, it can be interpreted that the positive effect
on especially problem-solving and creativity skills is predominant. In addition, in line with the findings

of this study, which was carried out to analyse postgraduate theses, including the impact of these
practices on 21st-century learning and innovation skills, various suggestions can be made for further

studies to be carried out.

L.

Since this study was conducted at the national level, future studies can examine global studies
on the effects of STEM/STEAM and robotic coding practices on 2 1st-century skills.
Comparisons can be made by considering the differences in implementation between countries.

Studies on the effects of STEM/STEAM and robotic coding practices on 2 1st-century life and
career skills and information, media and technology skills can be addressed.

By comparing different new-generation educational approaches (e.g. project-based learning,
flipped learning, game-based learning), the effects of these approaches on 21st-century skills
can be examined.

Studies can be conducted on the effects of STEM/STEAM and robotic coding practices on 21st-
century skills according to demographic differences.

As theses research tends to focus on problem-solving and creativity skills, the impact of the
practices on innovation, critical thinking, collaboration and communication skills can be
explored.

As the majority of the sample groups favoured in the thesis studies were middle school students,
this situation can be taken into account in future studies and research can be conducted for
different age groups and social contexts.

The number of studies on STEAM and the relationship between this subject and different
teaching areas and skills can be increased in the graduate thesis studies to be carried out.
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