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FROM THE EDITOR

Dear Colleagues,

The Journal of Theoretical Educational Science is happy to publish the first issue of
2024! In this issue, you will find ten research articles by 20 authors. We are glad that
these articles represent the different disciplines of education.

We should also express our sincere thanks to the Editorial Board, reviewers, and authors
for their invaluable contributions. We look forward to receiving submissions from
different parts of the world for the following issues!

Kindest regards,
Fatih GUNGOR, PhD

Afyon Kocatepe University
Faculty of Education
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Cross-National Measurement of Mathematics Intrinsic Motivation:
An Investigation of Measurement Invariance with MG-CFA and the
Alignment Method Across Fourteen Countries

Matematikte I¢sel Motivasyonun Ulkeler Arasi Olgiimii: On Dort
Ulkede MG-CFA ve Hizalama Yéntemi ile Olgme Degismezliginin
Incelenmesi

Mahmut Sami YIGITER*

Received: 19 November 2022 Research Article Accepted: 27 November 2023

ABSTRACT: One of the main objectives of international large-scale assessments is to make comparisons between
different countries, education policies, education systems, or subgroups. One of the main criteria for making
comparisons between different groups is to ensure measurement invariance. The purpose of this study was to test the
measurement invariance of the mathematics intrinsic motivation scale across 14 countries. For this purpose, the
"students like learning mathematics" scale, which measures intrinsic motivation for mathematics, was included in the
TIMSS 2019 cycle. The study sample consisted of a total of 152992 students, 70192 4th grade and 82800 8th grade
students from 14 different countries participating in the TIMSS 2019 cycle. Measurement invariance was tested with
Multi-Group Confirmatory Factor Analysis (MG-CFA) and Alignment Method. The mathematics intrinsic motivation
scale provides only configural invariance according to MG-CFA at the 4th grade level, whereas the scale provides
approximate invariance according to the alignment method. At the 8th grade level, the scale provides configural and
metric invariance according to MG-CFA, whereas the scale provides approximate invariance according to the
alignment method. The results indicate that the mathematics intrinsic motivation scale provides approximate
measurement invariance at both grade levels and that comparisons can be made between the scores of the identified
countries.

Keywords: Mathematics, motivation, intrinsic motivation, measurement invariance, cross-national difference,
students like learning mathematics, alignment method.

OZ: Genis 6lgekli uluslararas: degerlendirmelerin temel amaglarindan biri, farkl: iilkeler, egitim politikalari, egitim
sistemleri veya alt gruplar arasinda karsilagtirmalar yapmaktir. Farklt gruplar arasinda karsilagtirma yapmanin temel
Olciitlerinden biri de O6lgme degismezliginin saglanmasidir. Bu g¢alismanin amaci, matematik i¢sel motivasyon
Olceginin 14 iilke arasinda 6lgme degismezligini test etmektir. Bu amagla, matematige yonelik i¢sel motivasyonu
Olcen "6grenciler matematik 6grenmeyi sever" dlgegi TIMSS 2019 dongiisiine dahil edilmistir. Caligmanin 6rneklemi
TIMSS 2019 dongiisiine katilan 14 farkl: iilkeden 70192 4. sinif ve 82800 8. sinif dgrencisi olmak iizere toplam
152992 dgrenciden olusmaktadir. Olgme degismezligi, Cok Gruplu Dogrulayici Faktdér Analizi (MG-CFA) ve
Hizalama Yontemi ile test edilmistir. Matematik i¢sel motivasyon dlcegi, 4. sinif diizeyinde MG-CFA'ya gore sadece
yapisal degismezligi saglarken, hizalama yontemine gore yaklasik degismezligi saglamaktadir. 8. siif diizeyinde ise
6lcek, MG-CFA'ya gore konfigiiral ve metrik degismezligi saglarken, hizalama yontemine gore yaklasik degismezligi
saglamaktadir. Sonuglar, matematik i¢sel motivasyon Olceginin her iki simf diizeyinde de yaklasik 6lgme
degismezligini sagladigini ve belirlenen iilkelerin puanlar1 arasinda karsilagtirmalar yapilabilecegini gostermektedir.

Anahtar kelimeler: Matematik, motivasyon, igsel motivasyon, 6lgme degismezligi, iilkeler arasi farklilik, 6grenciler
matematik 6grenmeyi Sever, hizalama yontemi.
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The basis of effective mathematics teaching is to support positive attitudes
towards learning mathematics and to encourage learning mathematics. According to
social cognitive theory, an individual's self-efficacy in a subject affects his/her
motivation in that subject (Schunk & DiBenedetto, 2020). Then, academic success
emerges with the effect of motivation on performance (Yildirim, 2011). An individual's
motivation to accomplish a task enables him/her to orient himself/herself towards that
field and to work persistently in that field. Many studies have shown that student
motivation and academic achievement are related (Ahmed et al., 2010; Cleary & Chen,
2009; ilter, 2021; Woolley et al., 2010).

International Large-Scale Assessment (ILSA) programmes have been started to
be carried out with the participation of many countries since the end of the 20th century
in order to make comparisons between the education systems of countries and to
determine student achievement (Cardoso, 2020). Trends in International Mathematics
and Science Study (TIMSS) is an assessment study that evaluates the academic
achievement of 4th and 8th-grade students in the fields of mathematics and science
skills every four years and monitors the achievement differences between countries over
time and the results of countries' attempts to increase the level of achievement (Mullis
& Martin, 2017). In addition to measuring mathematics and science skills, TIMSS
includes many scales and scales that measure cognitive and affective characteristics of
students and teachers, such as self-confidence, motivation, school belonging, and peer
bullying (Yin & Fishbein, 2019). Students' affective characteristics for mathematics
achievement have been measured since 1995. One of the scales included in the TIMSS
2019 student survey is the "Students Like Learning Mathematics” scale, which
measures mathematics intrinsic motivation. There are many studies reporting that
intrinsic motivation has positive and significant effects on mathematics achievement
(Akben-Selcuk, 2017; Guo et al., 2015; Hooper et al., 2020). Therefore, it is important
that the scales measuring the characteristics of the mathematics intrinsic motivation
scale perform valid and reliable measurements in order to accurately and objectively
reveal the relationships between intrinsic motivation and mathematics achievement in
cross-country and cross-cultural comparisons.

One of the main goals of ILSAs is to make comparisons between different
countries, education systems, subgroups, and individuals (Engel & Rutkowski, 2021).
There is increasing methodological discussion about the use of data from ILSAs for
making comparisons (Gustafsson, 2018; Rutkowski & Svetina, 2014). One of the basic
and critical criteria for making comparisons between different groups is the
establishment of measurement invariance (Putnick & Bornstein, 2016). Measurement
invariance is a statistical property that analyses whether the scale has equivalent
psychometric values between the different groups or sub-groups to which it is applied
(Raykov, 2004). A measurement tool should measure the construct in a
psychometrically equivalent way in each subgroup. If the psychometric properties of the
measurements obtained from subgroups differ, it would not be correct to generalize the
results (Basusta & Gelbal, 2015). Therefore, a measurement tool should measure the
construct equivalently in each subgroup. With measurement invariance, showing that
the factor loadings, inter-dimensional correlations, and error variances of a scale are the
same in each group will show that the measurement tool has an equivalent structure in
different groups (Joreskog & Sorbom, 1993). Researchers obtain evidence on whether

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27



Cross-National Measurement of Mathematics Intrinsic Motivation... 3

the scale measures the same construct in subgroups (Millsap & Olivera-Ogilar, 2012;
Uyar & Dogan, 2014). Failure to provide measurement invariance is a validity problem
for the measurement tool. Therefore, interpretations regarding the results of group
comparisons based on such a measurement tool may also be incorrect (Vandenberg &
Lance, 2000). Demonstrating that measurement invariance is established will also
provide validity evidence for the measurement tool. He et al. (2019), in their study on
cross-cultural comparability with TIMSS and PISA data, state that comparisons made
without examining measurement invariance may lead to inaccurate results, hence the
importance of testing measurement invariance.

Mathematics Intrinsic Motivation

Intrinsic motivation is defined as the enjoyment received while engaging in an
activity and the drive to perform this activity (OECD, 2013). Students' willingness to
learn mathematics stems from the fact that they find mathematics interesting and fun
(Ryan & Deci, 2009). Intrinsically motivated students take action to "learn™ rather than
doing something for a purpose. Extrinsically motivated students see the task as a means
to achieve a goal and complete this task with concepts such as "grade, reward,
competition, performance, external evaluation.” For example, a student who studies for
an exam to get a good grade is motivated (extrinsically) by the grade he/she gets.
Students who study only because they enjoy it are intrinsically motivated. Previous
research has revealed that students' intrinsic motivation can be positively influenced by
the teacher's approach, curriculum, methods applied in the lesson, learning environment
design, and practices (Freiberger et al., 2012; Middleton, 1995; Weidinger et al., 2017).
Mueller et al. (2011) state that solving open-ended questions and discussing in the
classroom environment can increase intrinsic motivation. Similarly, problem-based
learning increases students' intrinsic motivation (Henderson & Landesman, 1995).
There are studies indicating that applied learning and active learning activities increase
intrinsic motivation (Barak & Asad, 2012; Nugent et al., 2010). In addition, when
students accomplish a difficult task, their motivation increases (Middleton, 1995).

Intrinsic motivation is a source of energy and a precondition for behaviour
(Malone & Lepper, 2021). Previous studies show that there is a strong relationship
between intrinsic motivation and mathematics achievement (Hooper et al., 2020; Ilhan
& Cetin, 2013; Mullis et al., 2017; Tavani & Losh, 2003; Zembat et al., 2018). Intrinsic
Motivation for Mathematics is measured with nine items under the "Students Like
Learning Mathematics" scale at both 4th and 8th-grade levels in TIMSS 2019.

Measurement Invariance with Multi-Group Confirmatory Factor Analysis

Measurement invariance investigates whether a latent construct is measured
consistently across different groups, categories, or times (Cheung & Rensvold, 2002;
Sozer et al., 2021). In other words, if the psychometric values obtained from the same
scale differ in different groups, it can be said that measurement invariance cannot be
provided. Individuals in different groups who are equivalent to each other in terms of
the measured feature (construct) are expected to get the same observed score from a
test. If the individuals are the same in terms of the construct measured, but their
observed scores are different, it can be said that measurement invariance of the scale
(test) cannot be ensured (Schmitt & Kuljanin, 2008). If measurement invariance cannot
be proved, it is not correct to interpret the results of intergroup comparisons. The reason
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for this is that it cannot be known whether the difference between the groups is due to a
real construct difference or the difference between the responses to the scale items
(Adibatmaz & Yildiz, 2020; Horn & McArdle, 1992). Therefore, it is important to test
for measurement invariance before making inferences about measurements from two or
more groups (Yigiter, 2023).

One of the most commonly used methods in the literature to test measurement
invariance is Confirmatory Factor Analysis (CFA) (Schmitt & Kuljanin, 2008; Van De
Schoot et al., 2015). Measurement invariance is tested in four hierarchical stages with
the Multi-Group CFA (MG-CFA) method. These stages are configural invariance,
metric invariance, scalar invariance, and strict invariance (Meredith, 1993).

Configural Invariance

It is the first hierarchical stage of measurement invariance. At this stage, whether
the groups have the same factor structure is tested. For this purpose, the equivalence of
factors and the pattern of factor loadings are analysed at this stage (Taris et al., 1998).
No parameter restriction is made at this stage. If configural invariance is provided, it can
be stated that the groups measure the same construct (Wu et al., 2007). If configural
invariance is not provided, it is stated that the groups measure different constructs, and
the further stages of measurement invariance are not passed. Configural invariance is
also referred to as structural invariance in the literature.

Metric Invariance

When it is shown that configural invariance is provided, a metric invariance test
can be performed (Milfont & Fischer, 2010). In metric invariance, the equality of factor
loadings in different groups is tested. In other words, factor loadings estimated from one
group are fixed to the other group, and the fit indices of the model are examined. If
metric invariance is provided, comparisons between groups based on factor loadings can
be defended (Gregorich, 2006). Metric invariance is also known as weak invariance
(Meredith, 1993).

Scalar Invariance

If metric invariance is provided, the scalar invariance stage is proceeded. In this
stage, the equivalence of both factor loadings and regression constants between groups
is tested. In other words, at this stage, where the equivalence of factor variance and
covariances between groups is tested, the equivalence of factor loadings is also
examined. If scalar invariance is provided, it means that the means and factor loadings
of the observed variables can be compared (Gregorich, 2006). Scalar invariance is also
known as strong invariance.

Strict Invariance

At this stage, which is the last step of measurement invariance, in addition to the
restrictions in the previous stages, the equality of error variances is also tested
(Vandenberg & Lance, 2000). Scales that claim to measure the same construct across
groups should provide strict invariance. By ensuring strict invariance, measurement
invariance will be fully provided.

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27
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Measurement Invariance with Multi-Group Alignment Method

In measurement invariance with MG-CFA - especially when the number of
groups is large - it becomes difficult to ensure model fit across stages. MG-CFA
assumes strict invariance, which may be an unreachable goal when the number of
groups increases. When measurement invariance is rejected in MG-CFA, partial models
with free estimation of some item parameters can be tested, but there is no guarantee
that these models will also provide measurement invariance (Asparouhov & Muthén,
2014). On the other hand, when measurement invariance is rejected with MG-CFA, the
causes of invariance are not properly identified by the analysis. Moreover, the
probability of incorrect calculation will increase as a result of MG-CFA's pair-by-pair
comparison of groups. Therefore, MG-CFA is not practical when comparing the
measurement invariance of a large number of groups (Sirganci et al., 2020).

A more recent approach, the Alignment method, greatly simplifies the
measurement invariance analysis. It allows testing the invariance of parameters
according to items and groups. In other words, in the alignment method, it can be
determined which group contributes to measurement invariance. The alignment method
proposed by Asparouhov and Muthén (2014) provides a result that minimises parameter
invariance between groups in an iterative process, similar to rotation in exploratory
factor analysis (Glassow et al., 2021).

Aim and Significance of the Study

The purpose of this study is to examine the measurement invariance of the
mathematics intrinsic motivation scale in the TIMSS 2019 cycle according to 14
countries. When the invariance studies in the literature were examined, it was seen that
measurement invariance studies were carried out according to culture, region, language,
and gender (Alath, 2020; Bagdu Soyler et al., 2021; Ertiirk & Erding-Akan, 2018; Uyar
& Dogan, 2014;). Studies examining measurement invariance according to the
mathematics intrinsic motivation scale are quite limited (He et al., 2019). No study was
found that tested the measurement invariance of the mathematics intrinsic motivation
scale across cultures with the TIMSS 2019 data. This study is important both because it
focuses on the cross-cultural measurement invariance of the mathematics intrinsic
motivation scale and because it has not been investigated before.

Related Studies

Glasgow et al. (2019) examined the measurement invariance of mathematics
teachers' Job satisfaction, School emphasis on academic success, School condition and
resources, Safe and orderly school, and teacher Self-efficacy scales obtained from
TIMMS 2015 teacher surveys across 46 countries. The results show that only three
constructs provide metric invariance. The results of measurement invariance with the
Alignment Optimisation method show that all five constructs provide approximate
invariance so that these constructs can be validly compared across educational systems.

Sirganci et al. (2020), in their study explaining the basic concepts and processes
of the alignment method, compared the measurement invariance of 56 countries on the
Instrumental Motivation Scale data in the PISA 2015 cycle with both MG-CFA and
alignment method. MG-CFA findings show that the scale provides only configural
invariance. Then, the measurement invariance findings with the alignment method
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6 Mahmut Sami YIGITER

provide more detailed information about which countries and which items contribute
better to measurement invariance.

Tekin and Cobanoglu-Aktan (2021) examined the measurement invariance of
collaborative problem-solving skills in the PISA 2015 cycle between Singapore,
Norway, and Turkey with the MG-CFA method. The results of the study show that the
construct provides only configural invariance but not metric, scalar, and strict
invariance.

Method

This study is descriptive research since it aims to determine whether the
"Students Like Learning Mathematics" scale from TIMSS 2019, which is included in
the TIMSS 2019 student questionnaire and measures mathematics intrinsic motivation,
does not change according to 14 different countries (Biiyiikoztiirk et al., 2017).

Population and Sample

More than 580,000 students from 64 countries around the world participated in
TIMSS 2019, which was administered by the International Association for the
Evaluation of Educational Achievement (IEA). Approximately 330.000 of these
students are in Grade 4, and 250.000 are in Grade 8. The sample of this study consists of
a total of 152.992 students, 70.192 of whom are 4th graders and 82.800 of whom are 8th
graders, who participated in TIMSS 2019 from 14 countries. In determining the sample,
countries were determined by taking into account the differentiation in terms of
language, continent, culture, and achievement rankings. In addition, since the research
was conducted for both the 4th and 8th-grade levels, the countries that participated in
TIMSS 2019 at both grade levels were selected for the current study. The distribution of
the sampled countries according to their sample sizes, languages, and continents is
given in Table 1.

Table 1
Countries in the Sample and Their Characteristics
Country Name 1SO Country Code Language Continent  4th Grade 8th Grade
Australia 36 English Oceania 5664 8898
Chile 152 Spanish South America 4039 4061
Hungary 348 Hungarian Europe 4433 4537
Italy 380 Italian Europe 3666 3600
Japan 392 Japanese Asia 4162 4443
Morocco 504 Moroccan Arabic and others Africa 7645 8440
Portugal 620 Portuguese Europe 4256 3348
Russia 643 Russian Europe-Asia 3993 3890
Saudi Arabia 682 Arabic Asia 5334 5634
Singapore 702 English, Malay, and others Asia 4362 4165
South Africa 710 Afrikaans Africa 11729 20717

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27
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Sweden 752 Swedish Europe 3816 3907
Turkey 792 Turkish Asia 3998 3978
Pakistan 926 Urdu Asia 3095 3182

Total 70192 82800

As seen in Table 1, 14 countries in the sample are located on five different
continents. In addition, the official languages of each of these countries are different.

Data Source

The data were obtained from the database at "https://timss2019.org/international-
database/". The TIMSS administration includes mathematics and science achievement
tests as well as student, teacher, school, and home questionnaires. In addition, there are
also items that examine the affective characteristics of students in mathematics and
science. This study was limited to the "Students Like Learning Mathematics™ scale,
which measures intrinsic motivation for mathematics. The items and codes in this scale
are given in Table 2.

Table 2
Items and Codes in the Scale
Item Code o
Description

4. Grade 8. Grade
ASBMO02A BSBM16A I enjoy learning mathematics
ASBMO02B BSBM16B I wish | did not have to study mathematics ?
ASBMO02C BSBM16C Mathematics is boring ®
ASBMO02D BSBM16D I learn many interesting things in mathematics
ASBMO2E BSBM16E I like mathematics
ASBMO2F BSBM16F I like any schoolwork that involves numbers
ASBMO02G BSBM16G I like to solve mathematics problems
ASBMO2H BSBM16H I look forward to mathematics lessons
ASBMO02I BSBM16l Mathematics is one of my favourite subjects

There are nine items in this scale, as seen in Table 2. Items 2 and 3 are reverse-
coded questions. All items were scored on a 4-point Likert rating scale with the options
"agree a lot, agree a little, disagree a little, disagree a lot."

Data Analysis

All analyses in this study were performed with the open-source R program.
"dplyr" (Wickham et al., 2019) for data manipulation, "lavaan" (Rosseel, 2012) for CFA
and MG-CFA analyses, "sirt" (Robitzsch, 2019) for alignment method, "naniar"
(Tierney et al., 2021) for missing data analysis, "mvdalab™ (Afanador et al., 2016) for
missing data imputation, "Performance Analytics" (Peterson et al., 2018) for normality
analysis. Grade 4 and Grade 8 data obtained from the TIMSS 2019 database were
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8 Mahmut Sami YIGITER

analysed separately. Before starting the data analysis, missing data, outliers, normality,
and multicollinearity were examined.

4th Grade Level

It is seen that there are a total of 73336 students participating in the exam at the
4th grade level from 14 countries. Firstly, missing data, which are questions not
answered by the students, were analysed. It was observed that the rate of missing data
on a variable basis varied between 2.5% (1878/73336) and 4.8% (3546/73336). On the
basis of all data, the rate of missing data reaches 11.3% (8323/73336). Little MCAR test
was performed to examine the randomness of the missing data. The Little MCAR test
results show that the missing data is random and does not contain any pattern
(LittleMCAR=5091; df=2604; p>0.05). Since the missing data is more than 10%,
missing data assignment was preferred instead of the listwise deletion method in order
not to lose the analysis power. Before assigning missing data, 1065 participants who
left the entire scale used in the study blank were deleted. Then, the missing data
assignment was performed with the EM algorithm. The extreme value analysis was
performed in two stages. Before the extreme value analysis, participants who answered
carelessly were identified. Participants who give the same responses to questions with
reverse coding and questions with normal coding in the scale exhibit careless
responding behaviour (Woods, 2006). It is stated that these participants have disruptive
effects on the factor structure (Kam, 2019). In the 4th grade data, 1560 participants with
careless responding behaviour were identified and excluded from the sample (Kam &
Meyer, 2015). In the second stage, total and standardised Z scores were calculated
according to the scales. According to the z score, participants who were outside the [-
3,+3] range were determined as outliers (Kaliyaperumal et al., 2015). According to the
Z scores, 519 observations outside this range were identified as outliers and deleted
from the data. Skewness and kurtosis values of the variables were analysed to
determine whether the data were normally distributed. Since the kurtosis and skewness
coefficients were in the range of [-1.5,+1.5], it was decided that the data were normally
distributed (Tabachnick & Fidell, 2013). In order to examine the multicollinearity, the
VIF (variance inflation factor) value was calculated for all items. The highest VIF value
was found to be 3.55 in the item coded BSBM16E. It was decided that there was no
multicollinearity problem since a multicollinearity problem would occur if the VIF
value was greater than 5 (Kline, 2011).

8th Grade Level

It is seen that there are 84345 students from 14 countries who participated in the
exam at the 8th-grade level. Firstly, missing data, which are questions not answered by
the students, were analysed. It was observed that the missing data rates on a variable
basis varied between 1.5% (1275/84345) and 3.7% (3142/84345). On the basis of all
data, the missing data rate reaches 8.21% (6927/84345). Little MCAR test was
performed to examine the randomness of missing data. The Little MCAR test results
show that the missing data is random and does not contain any pattern
(LittleMCAR=3.179; sd=1701; p>0.05). Before assigning missing data, 860 participants
who left the entire scale used in the study blank were deleted. Missing data assignment
was made with the EM algorithm. The extreme value analysis was performed in two
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stages. Before the extreme value analysis, participants who carelessly responded were
identified. In this data, 685 participants who responded carelessly were identified and
removed from the sample (Kam & Meyer, 2015). Since there was no value outside the
range of [-3,+3] according to Z scores, it was decided that there was no outlier
(Kaliyaperumal et al. , 2015). The fact that the kurtosis and skewness coefficients are in
the range of [-1.5,+1.5] indicates that the data are normally distributed (Tabachnick &
Fidell, 2013). The highest VIF value calculated to examine the multicollinearity
problem was found to be 4.37 in the item coded BSBM16E. It was decided that there
was no multicollinearity problem since a multicollinearity problem would occur if the
VIF value was greater than 5 (Kline, 2011).

Multi-Group CFA analyses were performed using the lavaan package in R
(Rosseel, 2012). Another reason why this package was preferred is that it allows the use
of sample weights when estimating with the MG-CFA model. In large-scale
assessments, all participants in the population (all students at the relevant grade level)
cannot be included in the sample due to time and financial limitations. In order to
overcome this limitation and to ensure the generalisability of the sample to the
population, sampling weights are used (Arikan et al., 2020). Student weights in the
TIMSS 2019 data were added to the model as sampling weights. In this study, country
code as a categorical variable and items of the intrinsic motivation scale as ordinal
variables were used. It is recommended to use WLS (weighted least squares), WLSMV
(robust weighted least squares), or ULS (unweighted least squares) methods that are
robust to violations of assumptions as estimation methods (Brown, 2006; Kogar &
Yilmaz Kogar, 2015). Therefore, the WLSMV estimation method, which is reported to
give good results in the MG-CFA model, was used as the estimation method (Forero et
al., 2009).

Measurement invariance was analysed by testing four hierarchical stages with
MG-CFA. These four stages are configural invariance, metric invariance, scalar
invariance, and strict invariance (Vandenberg & Lance, 2000). To examine the model-
data fit between the stages, ?, ¥?/df, RMSEA, SRMR, TLI, CFI and ACFI values were
reported. Acceptable levels of these values are presented in Table 3 (Hu & Bentler,
1999).

Table 3
Acceptable Ranges of Goodness of Fit Indices
Fit Indices Acceptable Fit Good Fit
v2ldf 3<yldf<5 0 <y2df <3
CFI 0.95 < CFI1 < 0.97 0.97<CFl<1
TLI 0.95< TLI<0.97 0.97<TLI<1
RMSEA 0.05 < RMSEA < 0.08 0.00 < RMSEA < 0.05
SRMR 0.05 < SRMR < 0.08 0.00 < SRMR < 0.05

Note. (Hu & Bentler, 1999)

In the MG-CFA method, once it was determined that the fit at a particular stage
was satisfactory, the analysis proceeded to the next stage. There are studies suggesting
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that the significance can be tested according to the difference of chi-square values (Ay?)
in determining whether inter-stage invariance is achieved (Schmitt & Kuljanin, 2008).
However, the chi-square difference test rejects the null hypothesis with too much power
as the sample size increases. Therefore, Cheung and Rensvold (2002) suggested
examining the change in CFI value (ACFI) as an alternative to Ay?. In this study, a
difference of ACFI less than or equal to 0.01 was used as a criterion to determine
whether inter-stage invariance was achieved (Cheung & Rensvold, 2002).

In measurement invariance with the Alignment Method, the fit of a configural
model without restriction between groups was first assessed. Then, it was optimised
with a component loss function to minimise the invariance between the means of each
factor and the variances of the groups under the configural model (Asparouhov &
Muthén, 2014). The tolerance criteria proposed by Robitzsch (2020) were used (factor
loadings (A=.40) and intercepts (v=.20)). The alignment strength for the parameters was
determined as .25 (Fischer & Karl, 2019). The equivalence of the parameters was
interpreted with the R? value. R? values close to 1 indicate that there is more invariance
(Asparouhov & Muthén, 2014). In determining the measurement invariance, the cut-off
criterion of 25% of the invariant parameter ratio of the intercept and slope parameters
was used (Asparouhov & Muthén, 2014).

Results

In this section, the findings obtained from the mathematics intrinsic motivation
scale for 4th and 8th grade levels according to TIMSS 2019 data are presented.
Analyses were conducted separately for both grade levels. Firstly, CFA was conducted.
Finally, measurement invariance was tested with MG-CFA.

CFA Results

CFA analysis was performed to check the unidimensional factor structure. The
results of the CFA analyses are presented under separate subheadings according to the
grade level.

CFA Results (4th Grade Level)
The fit indices obtained from the CFA analysis are presented in Table 4.

Table 4
Fit Statistics of the CFA Model (4th Grade)
v df v2/df RMSEA SRMR TLI CFI
14905.4 27 552.0 0.049 0.048 0.985 0.989

The «?/df value is expected to be less than 5 to ensure model-data fit. However,
since the ?/df ratio is especially affected by the sample size, it is recommended to use
other indexes in model-data fit. The results indicate an RMSEA of 0.049, an SRMR of
0.048, a CFI index of 0.989, and a TLI index of 0.985. According to these values, it can
be concluded that the model-data fit is at an acceptable level (Schreiber et al., 2006).
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The standardised factor loadings, AVE (average variance extracted) values, and
reliability coefficients obtained from the CFA model are presented in Table 5.

Table 5
Standardised Factor Loadings, AVE Values, and Reliability Coefficients
Items Fact_or AVE Cronbach Alfa MeDonald's
Loadings Omega
ASBMO02A 0.689
ASBMO02B 0.483
ASBMO02C 0.577
ASBM02D 0.504
ASBMO02E 0.802 %52.55 0.902 0.905
ASBMO2F 0.679
ASBM02G 0.726
ASBMO02H 0.827
ASBMO02I 0.876

According to the CFA results, factor loadings are expected to be 0.30 and above
(Harrington, 2009). These results show that all of the factor loadings are at a sufficient
level. The AVE (average variance extracted) values in the Table 5 are calculated from
the factor loadings and give information about what percentage of the variance of the
items the factor explains. Generally, this value is desired to be 50% and above (Hair et
al., 2014). It can be said that the scale has a good AVE value. On the other hand,
internal consistency coefficients provide evidence of whether a homogeneous structure
is measured in addition to providing evidence of reliability (Aybek, 2022). Cronbach's
Alpha and McDonald's Omega coefficients of the scales are presented in Table 5 on
internal consistency. According to Biiyiikoztiirk (2011), a reliability coefficient of 0.70
and above is considered sufficient for scale reliability. Kline (2011) categorises 0.90 and
above as excellent, 0.80 and above as good, and 0.70 and above as acceptable. As seen
in the Table 5, both Cronbach's Alpha and McDonald's Omega coefficients are more
than 0.70 and are considered to be at a good level.

The results of the separately conducted CFAs for each country are presented in
Appendix 1. It is observed that the fit indices for Morocco, South Africa, and Saudi
Arabia are notably low. In addition, it is noticeable that the factor loadings of the
reverse-coded items in these countries are quite low. It can be stated that the CFA
results of other countries are at a good level in terms of fit indices, factor loadings,
AVE, and reliability values.
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CFA Results (8th Grade Level)
The fit indices obtained from the CFA analysis are presented in Table 6.

Table 6
Fit Statistics of the CFA Model (8th Grade)
e df y2ldf RMSEA SRMR TLI CFI
22238.6 27 823.6 0.048 0.039 0.993 0.994

Table 6 shows that RMSEA is 0.048, SRMR is 0.039, CFI index is 0.994, and
TLI index is 0.993. According to these values, it can be said that the model-data fit is at
a good level (Schreiber et al., 2006).

The standardised factor loadings, AVE (average variance extracted) values, and
reliability coefficients obtained from the CFA model are presented in Table 7.

Table 7
Standardised Factor Loadings, AVE Values, and Reliability Coefficients
Items Factor Loadings AVE Cronbach Alfa M(E)Drgzgéd's
BSBM16A 0.796
BSBM16B 0.597
BSBM16C 0.677
BSBM16D 0.644
BSBM16E 0.929 %60.60 0.928 0.931
BSBM16F 0.780
BSBM16G 0.840
BSBM16H 0.820
BSBM16l 0.958

When Table 7 is analysed, it is seen that all of the factor loadings are at a
sufficient level. It can be said that the AVE value is at a good level. In addition, both
Cronbach's Alpha and McDonald's Omega coefficients are more than 0.70 and are
accepted to be at a good level.

CFA results separately by country are presented in Appendix 2. It can be stated
that the CFA fit indices of all countries are at a good or acceptable level.

Measurement Invariance Results

Measurement invariance was analysed in two stages. Firstly, under the known
MG-CFA model, configurational invariance, metric invariance, scalar invariance, and
strict invariance were tested in hierarchical order. In the second stage, measurement
invariance was analysed by the alignment method. In the MG-CFA model, the ACFI
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value was taken into account in determining whether the invariance was achieved
between two hierarchical stages. When this value is ACF1<0.01 between the stages, it is
interpreted that measurement invariance is provided at the relevant stage (Cheung &
Rensvold, 2002). In this section, the measurement invariance of the mathematics
intrinsic motivation scale according to the 4th and 8th-grade data was carried out and
reported separately according to the grade level.

Measurement Invariance Results (4th Grade)

The measurement invariance findings of the mathematics intrinsic motivation
scale with the MG-CFA method according to 14 countries are presented in Table 8.

Table 8
Measurement Invariance by Countries (4th Grade)
Stage x df x2df RMSEA  SRMR TLI CFI  ACFI
Configural 5506.1 378 14.5 0.053 0.043  0.984 0.987 -
Metric 12872.1 482 26.7 0.072 0.068 0971 0972 0.015

When the configural invariance findings are analysed, it is evident that the
scale's structure is compatible with configural invariance in all country groups (RMSEA
<.08, SRMR < .08, TLI > .95, CFI > .95). After configural invariance, metric invariance
was analysed. However, as the difference in CFl value between the configural
invariance and metric invariance stages is 0.015 (ACFI>0.01), it is apparent that metric
invariance cannot be established across countries.

According to the results of the analyses conducted with the MG-CFA method,
when the ACFI (ACFI < 0.01) values and goodness of fit statistics (RMSEA < .08,
SRMR < .08, TLI > .95, CFI > .95) of the 4th-grade data were taken into consideration,
it was concluded that 14 different countries provided only configural invariance.
According to this result, it can be stated that the item-factor structure is equivalent
between groups, but factor loadings, variances, covariances, and error variances are not
equivalent between groups.

4th-grade level Mathematics Intrinsic Motivation scale measurement invariance
with alignment method findings are presented in Table 9 and Table 10.

Table 9
Each item's Alignment Results of 14 Countries
Stage Items Mean SD Min Max R? %
ASBMO02A 0.64 0.05 0.52 0.72 0.991 %0.0
ASBMO02B 0.50 0.12 0.30 0.67
Factor Loadings ASBMO02C 0.59 0.11 0.38 0.73

ASBMO02D 0.47 0.09 0.36 0.63
ASBMO2E 0.78 0.03 0.74 0.82
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Intercept

ASBMO2F
ASBMO02G
ASBMO2H
ASBMO2I

ASBMO02A
ASBMO02B
ASBMO02C
ASBMO02D
ASBMO2E
ASBMO2F
ASBMO02G
ASBMO2H
ASBMO2I

0.61
0.69
0.79
0.85
1.66
1.85
1.84
1.58
1.72
1.85
1.89
2.00
2.02

0.05
0.05
0.03
0.03
0.07
0.20
0.14
0.10
0.03
0.15
0.09
0.08
0.07

0.50
0.60
0.74
0.79
1.56
1.46
1.54
1.43
1.67
1.64
1.80
1.82
1.89

0.72
0.75
0.84
0.88
1.79 0.995 %8.7
2.30
2.08
1.73
1.80
2.15
212
2.14
2.17

The alignment method was invariant for the factor loadings (R?=.991) and the
intercepts of the items (R?=.995) of the Mathematics Intrinsic Motivation Scale, as seen
in Table 9. While there is no non-invariant parameter in the factor parameters (0.0%),
11 parameters are non-invariant according to the item intercepts (8.7%). Since the
percentage of non-invariant parameters is lower than 25%, it can be stated that the scale
provides approximate measurement invariance (Asparouhov & Muthén, 2014).

Table 10 presents the invariance findings of intercept and factor loading
parameters on an item and country basis. Countries in brackets and bold are labelled as
non-invariant since they show more variability than the tolerance parameter.

Table 10

Each Item's Alignment Results of 14 Countries

Items

ASBMO02A

ASBM02B

ASBM02C

ASBMO02D

ASBMO2E

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, (152), 348, 380, (392), (504),

Intercepts

(620), (643), 682, 702, 710, 752,

792, 926

36, 152, 348, 380, 392, (504),
(620), 643, 682, 702, 710, 752,

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

792, 926

Factor Loadings

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926

36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926
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(36), 152, 348, 380, 392, 504, 36, 152, 348, 380, 392, 504, 620,

ASBMO2F 620, 643, (682), 702,710,752, (n "™ o
792,926
ASBMO02G (63263 ' éf; ' §;‘28 ’ ?gg ’ ?fg ’ ?gg ' 36, 152, 348, 380, 392, 504, 620,
P RS A IS NS 643, 682, 702, 710, 752, 792, 926
792,926
ASBMO2H 32;1;555;”4?63 8?7’1309)2’7224’72?’ 36, 152, 348, 380, 392, 504, 620,
) ) 526 ) ) " 643,682, 702, 710, 752, 792, 926
ASBMO2I 36, 152, 348, 380, 392, 504, 620, 36, 152, 348, 380, 392, 504, 620,

643, 682, 702, 710, 752, 792, 926 643, 682, 702, 710, 752, 792, 926

Note. 36: Australia, 152: Chile, 348: Hungary, 380: Italy, 392: Japan, 504: Morocco, 620: Portugal, 643: Russia, 682: Saudi Arabia,
702: Singapore, 710: South Africa, 752: Sweden, 792: Turkey, 926: Pakistan.

When Table 10 is examined, it is seen that all factor loadings of Mathematics
Intrinsic Motivation are invariant in 14 countries at the 4th-grade level. According to the
intercept coefficients, it can be stated that five parameters in item ASBMO02B, two
parameters in item ASBMO02C, two parameters in item ASBMO2F, one parameter in
item ASBMO02G, and one parameter in item ASBMO02H are non-invariant. Findings on
an item basis show that 4 out of 9 items are invariant across all countries, while in 5
items, some countries are non-invariant in the intercept coefficients. On the other hand,
it is seen that the negatively rooted items ASBMO02B and ASBMO02C are the items that
violate invariance the most. Findings by country suggest that factor loading parameters
are invariant across all countries. According to the intercept parameter, Australia is non-
invariant in two items: Morocco in two, Portugal in two, Japan in one, Russia in one,
Saudi Arabia in one, Chile in one, and South Africa in one item. It can be stated that
both factor loadings and intercept parameters of Hungary, Italy, Singapore, Sweden,
Turkey, and Pakistan are equivalent. As Asparouhov and Muthén (2014) suggested,
since the non-invariant parameter ratio of factor loading and intercept parameters is
below 25%, it can be stated that the Mathematics Intrinsic Motivation scale provides
approximate invariance and all groups can be compared.

Measurement Invariance Results (8th Grade)

The measurement invariance findings of the mathematics intrinsic motivation
scale with the MG-CFA method according to 14 countries are presented in Table 11.

Table 11
Measurement Invariance by Countries (8th Grade)
Stage e df y2ldf  RMSEA  SRMR TLI CFI ACFI
Configural 5480.9 378 14.5 0.049 0.036 0.993 0.994 -
Metric 12919.7 482  26.8 0.067 0.054 0.986 0.987  0.007
Scalar 259085 586  44.2 0.086 0.076 0.977 0.974  0.013

When analyzing the configural invariance findings, the scale structure is found
to be compatible across all country groups (RMSEA < .08, SRMR < .08, TLI > .95, CFI

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 1-27



16 Mahmut Sami YIGITER

> .95). After configural invariance, metric invariance was analysed. Since the difference
in CFI value between the configural invariance and metric invariance stages (ACFI) was
0.008, it was decided that metric invariance was also provided according to the
countries. Additionally, other fit indices are also observed to be at a satisfactory level at
the metric invariance stage (RMSEA=0.066, SRMR=0.064, TLI= 0.987). After metric
invariance, scalar invariance was analysed. Since the ACFI value between metric
invariance and scalar invariance is 0.013 (ACFI>0.01), it is decided that scalar
invariance is not provided. It should also be noted that the RMSEA value at the scalar
invariance stage showed incompatibility (RMSEA > .08).

According to the results of the analyses conducted with the MG-CFA method,
considering the ACFI (ACFI < 0.01) values and goodness of fit statistics (RMSEA < .08,
SRMR < .08, TLI > .95, CFI > .95) of the 8th-grade data, it was concluded that 14
different countries provided configural and metric invariance. According to this result, it
can be stated that item-factor structure and factor loadings are equivalent between
groups, but variances, covariances, and error variances are not equivalent between
groups.

8th-grade level Mathematics Intrinsic Motivation scale measurement invariance
with alignment method findings are presented in Table 12 and Table 13.

Table 12
Each Item's Alignment Results of 14 Countries

Stage Items Mean SD Min Max R? %

BSBM16A 0.78 0.05 0.69 0.85 0.995 %0.0
BSBM16B 0.65 0.09 0.51 0.80
BSBM16C 0.68 0.06 0.59 0.80
BSBM16D 0.61 0.06 0.51 0.71

Factor Loadings BSBM16E 0.91 0.01 0.88 0.91
BSBM16F 0.72 0.03 0.67 0.79
BSBM16G 0.82 0.03 0.76 0.87
BSBM16H 0.77 0.06 0.69 0.91
BSBM16l 0.93 0.06 0.80 1.04

BSBM16A 1.96 0.07 1.86 2.09 0.997 %8.7
BSBM16B 212 0.19 1.93 2.67
BSBM16C 2.23 0.15 1.95 243
BSBM16D 1.97 0.08 1.86 2.17
Intercept BSBM16E 2.07 0.06 2.01 2.18

BSBM16F 2.33 0.14 2.07 2.53
BSBM16G 2.26 0.07 2.20 241
BSBM16H 2.48 0.14 2.15 2.66
BSBM16l 2.46 0.08 2.33 2.58
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The alignment method was invariant for the factor loadings (R?=.995) and the
intercepts of the items (R?=.997) of the Mathematics Intrinsic Motivation Scale, as seen
in Table 12. While there is no non-invariant parameter in the factor parameters (0.0%),
11 parameters are non-invariant according to the item intercepts (8.7%). Since the
percentage of non-invariant parameters is lower than 25%, it can be stated that the scale
provides approximate measurement invariance (Asparouhov & Muthén, 2014).

Table 13 presents the invariance findings of intercept and factor loading
parameters on an item and country basis. Countries in brackets and bold are labelled as
non-invariant since they show more variability than the tolerance parameter.

Table 13
Each Item's Alignment Results of 14 Countries

Item Intercepts Factor Loadings
BSBML6A 36, 152, 348, 380, 392, 504, 620, 36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792, 926 643, 682, 702, 710, 752, 792, 926
(792), 926 643, 682, 702, 710, 752, 792, 926
(620,54, (02 707, 710, 0,157, 48.360 392,504,620
(752). (792), 926 643, 682, 702, 710, 752, 792, 926
36, 152, 348, 380, 392, 504

N mrm mon ane oA o 36, 152, 348, 380, 392, 504, 620,
BSBM16D (620), 643, 682, 702, 710, 752, 643, 682, 702, 710, 752, 792, 926

792, 926
BSBM16E 36, 152, 348, 380, 392, 504, 620, 36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792,926 643, 682, 702, 710, 752, 792, 926
sSOMIGE 64, 662 02, (110, 790, 7ep, 152 36,380,352 504 620
IR T 643,682, 702, 710, 752, 792, 926

(926)

BSBM16G 36, 152, 348, 380, 392, 504, 620, 36, 152, 348, 380, 392, 504, 620,
643, 682, 702, 710, 752, 792,926 643, 682, 702, 710, 752, 792, 926
(792), 926 643, 682, 702, 710, 752, 792, 926
BSBM16I 36, 152, 348, 380, 392, 504, 620, 36, 152, 348, 380, 392, 504, 620,

643, 682, 702, 710, 752, 792, 926 643, 682, 702, 710, 752, 792, 926

Note. 36: Australia, 152: Chile, 348: Hungary, 380: Italy, 392: Japan, 504: Morocco, 620: Portugal, 643: Russia, 682: Saudi Arabia,
702: Singapore, 710: South Africa, 752: Sweden, 792: Turkey, 926: Pakistan.

When Table 13 is examined, it is seen that all factor loadings of Mathematics
Intrinsic Motivation are invariant in 14 countries at the 8th-grade level. According to the
intercept coefficients, two parameters in item BSBM16B, four parameters in item
BSBM16C, one parameter in item BSBM16D, two parameters in item BSBM16F, and
one parameter in item BSBM16H are non-invariant. Findings on an item basis show
that 4 out of 9 items are invariant across all countries, whereas in 5 items, there are
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differences in the intercept coefficients of some countries. On the other hand, it can be
said that the negatively rooted items BSBM16B and BSBM16C are the items that
violate the invariance the most. The country-based findings suggest that the factor
loading parameters are invariant across all countries. According to the intercept
parameter, Morocco is non-invariant in two items: Portugal in two, Saudi Arabia in one,
South Africa in one, Sweden in one, Turkey in three, and Pakistan in one item. Both
factor loadings and intercept parameters are equivalent for Australia, Chile, Hungary,
Italy, Japan, Russia, and Singapore. As Asparouhov and Muthén (2014) suggested,
since the non-invariant parameter ratio of factor loading and intercept parameters is
below 25%, it can be stated that the Mathematics Intrinsic Motivation scale provides
approximate invariance at the 8th-grade level, and all groups can be compared.

Discussion and Conclusion

The fact that the factor structures of the groups are different from each other in
the measurement made with the same scale on two or more groups may indicate that the
measurement tool is perceived differently in each group or that it measures a different
psychological characteristic. If this is the case, it would not be correct to compare the
measurements obtained from these groups. The reason for the different factor structures
of the groups may be application conditions, cultural reasons, and linguistic translation
problems (Basusta, 2010). According to the results of measurement invariance, it can be
evaluated whether the items in the measurement tool are perceived in the same way by
the participants according to groups such as different genders, languages, and cultures.

In this study, it was examined whether the mathematics intrinsic motivation
scale in the TIMSS 2019 application showed measurement invariance according to 14
different countries. The analyses were performed with MG-CFA and MG Alignment
methods. Since the stages in measurement invariance with MG-CFA are nested models,
Ay? and ACFI values are generally used in the literature to compare the models. In this
study, ACFI value was used to decide the measurement invariance between the stages
due to the large sample size. Other goodness of fit statistics is also reported.

According to the measurement invariance results of the study with MG-CFA, the
TIMSS 2019 4th grade mathematics intrinsic motivation scale provides only configural
invariance across 14 different countries. It was observed that metric, scalar, and strict
invariance were not achieved. Similarly, the 8th-grade mathematics intrinsic motivation
scale provides configural and metric invariance across 14 different countries. However,
it was observed that it did not provide scalar and strict invariance. Following these
results, measurement invariance was analysed with the Alignment method. The results
of the alignment method applied to factor loading and intercept parameters showed that
the mathematics intrinsic motivation scale at the 4th-grade level provided approximate
measurement invariance and that the scores of the countries could be compared.
Similarly, at the 8th-grade level, the results showed that the mathematics intrinsic
motivation scale also provided approximate measurement invariance and that the scores
of the countries could be compared.

In the literature, there are studies examining the measurement invariance of
different scales used in large-scale assessments across countries. He et al. (2019)
examined the measurement invariance of 29 countries according to Instrumental
Motivation, Enjoyment of Science, and Sense of School Belonging scales with PISA
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and TIMSS data. The results show that all three scales provide only metric invariance.
Raiziené et al. (2021) examined the measurement invariance of the motivational
constructs (competitiveness, work mastery, and fairness of failure) model with the PISA
2018 application with EU countries and concluded that the model provides metric
invariance. Tekin and Cobanoglu-Aktan (2021) conducted a measurement invariance
study comparing Turkey, Norway, and Singapore on the collaborative problem-solving
scale with PISA 2015 data. The results of the study reported that these three countries
met only the configural invariance stage. Ersozlii et al. (2022) reported that metric
invariance and partial scalar invariance of the mathematics anxiety scale were met in
their study examining measurement invariance between Australian and Russian groups.
Karakog-Alatl et al. (2016) examined the measurement invariance of the TIMSS 2011
mathematics test between four different countries (Turkey, England, Japan, and the
USA) and concluded that the test provided only configural invariance. According to
measurement invariance with MG-CFA, the results of the current study are similar to
the results of these studies. However, it should be noted that these studies did not
examine measurement invariance with the Alignment method but only with MG-CFA.
On the other hand, MG-CFA is not practical in comparing a large number of groups
(i.e., countries) since it makes many pairwise comparisons between countries and may
produce incorrect results (Sirganci et al, 2020). In addition, when measurement
invariance cannot be achieved with MG-CFA, it does not provide any information about
the groups that violate invariance. Therefore, measurement invariance should be
examined with the Alignment method, which overcomes these disadvantages of MG-
CFA (Asparouhov & Muthén, 2014).

Glasgow et al. (2019) examined the measurement invariance of mathematics
teachers' Job satisfaction, School emphasis on academic success, School condition and
resources, Safe and orderly school, and teacher Self-efficacy scales obtained from
TIMMS 2015 teacher surveys across 46 countries. The results showed that only three
constructs achieved metric invariance, while the other constructs remained in configural
invariance. In the present study, the results of measurement invariance using the
alignment method show that all five constructs achieve approximate invariance,
indicating that these constructs can be validly compared across educational systems.
Sirganci et al. (2020), in their study explaining the basic concepts and processes of the
alignment method, examined the measurement invariance of 56 countries on the
Instrumental Motivation Scale data in the PISA 2015 cycle, MG-CFA results show that
the scale provides only configural invariance. The measurement invariance findings
with the alignment method provide more detailed information about which countries
and which items contribute better to measurement invariance. Kaya et al. (2023)
examined the measurement invariance of the Self-Efficacy scale data obtained from
PISA 2018 on 79 countries. The researchers report that only configural invariance was
met in the cross-country comparison. Jami and Kemmelmeier (2021), in their study
examining the measurement invariance of the Subjective well-being scale in 36
countries, MG-CFA findings showed that metric invariance was achieved, while the
alignment method was found to provide approximate measurement invariance of the
scale. The results of the current study are similar to the results of these studies in the
literature (Glasgow et al., 2019; Sirganci et al., 2020; Jami & Kemmelmeier, 2020).
Ertiirk and Oyar (2021) examined the measurement invariance between different
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countries with different methods using the "Mathematics Liking Scale™ obtained from
PISA 2015 data. Researchers stated that when determining the method to be used in
measurement invariance studies, attention should be focused on meeting the
assumptions and the structure of the data (Ertiirk & Oyar, 2021). Therefore, in line with
both the findings of this study and Sirganc et al. (2020), the Alignment Method should
be preferred in examining the measurement invariance of scales/tests with a large
number of groups.

When the measurement invariance results on an item basis were analysed by
alignment method, it was concluded that four items at the 4th-grade level and four items
at the 8th-grade level were invariant according to both factor loadings and intercept
parameters. On the other hand, the second and third items in the scale have negatively
worded items, and it can be seen that the intercept parameters of these two items are the
most non-invariant parameters according to the intercept parameter among the
countries. This result shows that items negatively worded have a decreasing effect on
measurement invariance. Therefore, it is important to translate the items with negative
roots in a more comprehensible way and in accordance with the student's level.

When the results of measurement invariance by alignment method on a country
basis were analysed, it was concluded that the parameters of 14 countries were
equivalent in six countries at the 4th-grade level and seven countries at the 8th-grade
level according to both factor loadings and intercept parameters. Morocco, Portugal,
Saudi Arabia, and South Africa were found to have non-invariant parameters in the
intercept parameters at both grade levels.

In conclusion, as Asparouhov and Muthén (2014) suggested, since the factor
loading and the non-invariant parameter ratio of the intercept parameters are below
25%, the Mathematics Intrinsic Motivation scale provides approximate measurement
invariance at both 4th and 8th-grade levels and the scores of the countries are
comparable.

Limitations and Recommendations

In this study, the measurement invariance of the mathematics intrinsic
motivation scale was compared across countries at both the 4th and 8th grades.
Therefore, countries that completed this scale at both 4th and 8th-grade levels were
selected, and other countries were not included in the scope of the study. This is a
limitation of the study. Future studies can be carried out to cover all countries according
to one grade level of this scale.

Scores obtained from large-scale exams such as PISA and TIMSS can be
compared with the scores obtained by applying the same scale in different grades with
measurement invariance, and the differentiation of the factor structure of different grade
levels can be examined.

In this study, it was concluded that questions with negative roots had a
disruptive effect on measurement invariance. The effect of negatively rooted questions
on measurement invariance can be addressed in future studies.

The findings of this study - similar to the literature - show that in cross-country
comparisons, MG-CFA findings do not indicate the presence of measurement
invariance, while the findings of the alignment method indicate approximate
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measurement invariance. Therefore, it is recommended that measurement invariance be
tested with the alignment method in future multi-group measurement invariance studies.
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Appendix 1
CFA Result (4th Grade)
Country il i2 i3 i4 i5 i6 i7 i8 i9 cfi thi rmsea srmr  Cronbach Omega AVE

Australia 0.826 0.750 0.824 0.565 0.930 0.732 0.838 0.933 1.007 0.998 0.998 0.030 0.025 0.941 0.944  0.657
Chile 0.680 0.547 0.661 0.473 0.851 0.627 0.773 0.869 0912 0.985 0.980 0.063 0.053 0.899 0.903  0.519
Hungary 0.849 0.647 0.675 0.520 0.936 0.721 0.720 0.938 0.970 0.995 0.994 0.042 0.036 0.919 0.923  0.581
Italy 0.802 0.760 0.757 0.442 0.864 0.697 0.681 0.895 0.932 0.998 0.997 0.026 0.025 0.926 0.930  0.605
Japan 0.744 0417 0.531 0.602 0.899 0.711 0.803 0.816 0.865 0.996 0.995 0.044 0.044 0.934 0.939  0.642
Morocco 0.331 0.262 0.297 0.403 0471 0.408 0470 0.516 0.520 0.921 0.894 0.062 0.067 0.778 0.768 0.278
Portugal 0.667 0.583 0.684 0.458 0.811 0.609 0.735 0.787 0.881 0.993 0.991 0.041 0.043 0.919 0.922  0.577
Russia 0.686 0.492 0.606 0.446 0.741 0.642 0.663 0.798 0.870 0.997 0.996 0.033 0.032 0.905 0.909 0.536
Saudi Arabia 0.547 0359 0487 0.555 0.706 0.576 0.667 0.746 0.751 0.954 0.938 0.072 0.066 0.863 0.862  0.420
Singapore  0.740 0.723 0.724 0.574 0.858 0.671 0.810 0.809 0.945 0.998 0.997 0.033 0.030 0.933 0.936 0.621
South Africa  0.517 0.285 0.340 0.508 0.656 0.603 0.593 0.622 0.667 0.934 0911 0.080 0.062 0.796 0.794 0312
Sweden 0.722  0.699 0.881 0.655 0.938 0.756 0.775 0.898 0.974 0.998 0.997 0.033 0.029 0.944 0.946 0.664
Turkey 0.540 0.526 0.633 0.325 0.657 0.449 0.634 0.735 0.780 0.988 0.984 0.038 0.045 0.885 0.889 0.484

Pakistan 0.768 0.680 0.768 0.529 0.879 0.719 0.800 0.909 0.977 0.997 0.996 0.034 0.030 0.935 0.938 0.633

Note. i1: item1 factor loading, AVE : average variance extracted

Appendix 2
CFA Result (8th Grade)
Country i1 i2 i3 i4 i5 i6 i7 i8 i9 cfi ti  rmsea srmr Cronbach Omega AVE

Australia 0.863 0.722 0.692 0.636 0.926 0.724 0.843 0.795 0.944 0.997 0.996 0.041 0.031 0.938 0.940 0.641
Chile 0.748 0.610 0.696 0.558 0.900 0.701 0.829 0.753 0.904 0.994 0.992 0.054 0.045 0.930 0.932  0.609
Hungary 0.875 0.635 0.671 0.647 0.968 0.805 0.802 0.734 0.852 0.996 0.995 0.045 0.035 0.932 0934 0.614
Italy 0.929 0.808 0.815 0.587 1.039 0.824 0.869 0.790 1.056 0.999 0.999 0.032 0.023 0.948 0951 0.688
Japan 0.795 0.515 0.582 0.669 0.902 0.666 0.812 0.697 0.866 0.995 0.994 0.048 0.043 0.942 0.945 0.664
Morocco 0.733 0486 0.598 0.668 0.862 0.682 0.722 0.857 0.903 0.990 0.986 0.056 0.048 0.908 0911 0.540
Portugal 0.869 0.774 0.776 0.694 0.982 0.724 0.892 0.836 1.004 0.998 0.997 0.035 0.027 0.947 0.948 0.674
Russia 0.694 0.518 0.568 0.545 0.792 0.656 0.733 0.675 0.844 0.996 0.994 0.043 0.038 0.922 0.924 0.582
Saudi Arabia  0.790 0.557 0.711 0.750 0.994 0.832 0.903 0.936 1.035 0.991 0.989 0.068 0.053 0.928 0.931 0.607
Singapore  0.767 0.754 0.663 0.554 0.862 0.655 0.818 0.724 0.984 0.997 0.996 0.041 0.034 0.935 0.938 0.632
South Africa  0.632 0.546 0.563 0.514 0.812 0.651 0.758 0.681 0.865 0.988 0.984 0.054 0.045 0.890 0.893  0.488
Sweden 0.809 0.719 0.801 0.669 0.925 0.798 0.828 0.744 0910 0.996 0.995 0.046 0.035 0.943 0.945 0.657
Turkey 0.700 0.721 0.809 0.519 0.897 0.752 0.840 0.872 1.016 0.993 0.991 0.053 0.041 0918 0.921 0.571

Pakistan 0.777 0.703 0.687 0.611 0.868 0.706 0.824 0.768 0.887 0.997 0.996 0.043 0.035 0.933 0934 0.614

Note. i1: item1 factor loading, AVE : average variance extracted
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ABSTRACT: This study was planned with the aim of conducting a comprehensive literature analysis of preschool
STEM education research and evaluating future opportunities. Scoping Review was conducted by analyzing 29
articles in journals published by Springer, Taylor & Francis, Elsevier, and SAGE, which were obtained using
combinations of the keywords “STEM,” “STEM education,” “kindergarten,” and “preschool.” The results show that
the literature on STEM research in preschool, which has largely developed in the United States, has grown in recent
years, forming a relatively new and expanding field. It is concluded that preschool STEM education research
promises to be a popular field in the future. Studies in which different STEM activities were carried out were
identified along with the examinations. In these studies, activities focus on games, teacher roles, or program and
model development. For such activities, factors such as the role of sample groups in the process and their impact on
the process should be determined. In other words, there is a need for studies focusing on the evaluation dimension of
STEM education in preschool education.

Keywords: Preschool, scoping review, STEM, STEM education.

OZ: Bu calisma, okul o6ncesi STEM egitimi arastirmalarmna iliskin kapsamli bir literatiir analizi yapmak ve
gelecekteki firsatlar1 degerlendirmek amaciyla planlanmistir. Kapsam Belirleme Incelemesi, Springer, Taylor &
Francis, Elsevier ve SAGE tarafindan yayinlanan dergilerde yer alan ve “STEM”, “STEM egitimi”, “anaokulu” ve
“okul oncesi” anahtar kelimelerinin kombinasyonlar1 kullanilarak elde edilen 29 makale incelenerek yapilmustir.
Sonuglar, Amerika Birlesik Devletleri'nde biiyiik dlciide gelisen okul 6ncesi STEM arastirmalarina iligkin literatiiriin
son yillarda biiyliyerek nispeten yeni ve genisleyen bir alan olusturdugunu gostermektedir. Okul 6ncesi STEM
egitimi arastirmalarimn gelecekte popiiler bir alan olmay1 vaat ettigi sonucuna varlmistir. Incelemelerle beraber
farkli STEM aktivitelerin gerceklestigi calismalar tespit edilmistir. Bu ¢aligmalarda aktiviteler oyunlara, 6gretmen
rollerine veya program ve model gelistirmeye odaklanmaktadir. Bu tiir faaliyetler i¢in 6rneklem gruplarinin siiregteki
rolii ve siirece etkisi gibi faktorlerin belirlenmesi gerekmektedir. Diger bir deyisle, okul 6ncesi egitimde STEM
egitiminin degerlendirme boyutuna odaklanan ¢aligmalara ihtiyag vardir.

Anahtar kelimeler: Okul 6ncesi, kapsam belirleme, STEM, STEM egitimi.
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To facilitate students’ learning through exploration and experimentation, the
integration of science, technology, engineering, and mathematics (STEM) is an
international priority (Bybee, 2013). One factor that has been identified as significantly
contributing to young children’s later school achievement is early exposure to STEM
knowledge and skills (Morgan et al., 2016). Alongside recommendations on engaging
students in STEM education, the importance of introducing children to STEM
opportunities early in their education is often highlighted (National Research Council
[NRC], 2011). STEM education is important in terms of nurturing and maintaining
young children’s natural interests in the relevant subjects and career fields and
developing their problem-solving, critical, and logical thinking skills while
strengthening intellectual habits (Ata-Aktiirk & Demircan, 2021; Lange et al., 2019).
Over the years, great importance has been placed on STEM as a field of study that is
key for a country to gain a competitive advantage on the global stage, leading to a shift
in educational paradigms emphasizing the importance of STEM (Kayan-Fadlelmula et
al., 2022). With a simple Google search, 450 million websites can be accessed using the
terms “STEM,” “STEM education,” and “STEM education research” (Li et al., 2020).
This is because STEM education contributes to students in various ways, including
academic success, attitude, and motivation. Moreover, it is recognized as an important
factor for meeting future job-need expectations (Psycharis, 2018). However, academic
identity development in STEM in early childhood and its potential impact on future
STEM participation is largely neglected, both in research and in practice (Early
Childhood STEM Working Group, 2017). A better understanding of the ways in which
STEM education research is defined and related to the preschool period will contribute
to the identification of trends, opportunities, and deficiencies.

Literature Review

Preschool Education

Researchers, policy-makers, and educators focus on the positive impact of high-
quality early childhood education on children’s development, as they do for other
education levels (Brenneman et al., 2019). One of the main goals of early childhood
education is to create an environment that supports lifelong learning. Therefore, one
important question is what kinds of experiences in early childhood education are most
valuable in the learning environment (Katz, 2010). Preschool children have a natural
inclination toward science due to their sense of curiosity and ability to find solutions
based on creativity and imagination (DeJarnette, 2018). During early childhood, the
development of abilities such as self-regulation, working memory, and inhibitory
control increases exponentially, thus establishing this period as a window of opportunity
for interventions aimed at promoting child development (Tsujimoto, 2008).
Furthermore, the impact of preschool education on cognitive development has been
explored in studies such as Yan et al. (2021) The study found that the impact of
preschool education on children’s cognitive development varies depending on the
cognitive ability and the length of time. This suggests that preschool education can have
differential effects on different aspects of cognitive development, such as language
cognition and mathematical cognition.
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STEM Education

In today’s modern, digitalized, and unpredictable world where knowledge
changes faster than educational systems, STEM skills are perceived as the key to
innovatively solving the problems of contemporary life, overcoming social and
economic disparity, and achieving sustainable living (Karasah Cakici et al., 2021; Jang,
2016). STEM is an interdisciplinary approach that helps students understand the
concepts and contents that form the related fields based on daily-life problems. Through
STEM education, students can develop 21st-century skills such as adaptability,
problem-solving, communication skills, and systematic thinking (NRC, 2010). STEM
education contributes to students becoming better problem-solvers, innovators, logical
thinkers, inventors, and technology users (Morrison, 2006). STEM is also seen as an
important field in enabling children to recognize future professions, and early STEM
education shapes participation in STEM fields in the future (Campbell et al., 2020).
Children have natural tendencies that enable them to learn STEM topics easily, such as
the ability to make sense of experiences, analyze, hypothesize, and predict (Katz, 2010).
Effective STEM education should start early, preferably from the preschool years, as it
positively influences students’ aspirations in relation to tertiary STEM study and STEM
career pursuits (Murphy et al., 2018). However, there is a need for instructional
guidelines and curricular materials for integrated STEM teaching (Guzey et al., 2016).
Therefore, it is crucial to consider how to design integrated STEM activities and
evaluate their effectiveness. Since there is no universal guide or model for the
implementation of STEM activities, it may be difficult to implement STEM activities
(Wang et al., 2011). However, field studies can serve as guides for effective practices.

Preschool STEM Education

Learning science and engineering practices in early childhood increases
children’s curiosity and pleasure in exploring the world around them and builds the
background knowledge for science learning in the K-12 years (National Academy of
Engineering and National Research Council [NSTA], 2014). One of the indicators of
high-quality early childhood education is the introduction of STEM opportunities to
children (NRC, 2011). Appropriate STEM experiences in early childhood may be
starting points for supporting children’s further success in STEM fields at the primary,
secondary, and post-secondary levels (Tao, 2019). However, studies show that research
on STEM education in early childhood is still in its infancy (Tippett & Milford, 2017),
which is unfortunate because children are inherently naturalists and engineers (Brophy
et al., 2008). Although there is an increasing awareness of the importance of early
childhood STEM education and efforts are being made to include it in curricula, it is
seen that teachers usually do not include interdisciplinary STEM content in their lesson
plans (Tao, 2019). This is because, although teachers may know the importance of
STEM education, they often do not have sufficient content knowledge and are
unprepared for teaching STEM topics (Hammack & Ivey, 2017). Studies show that
preschool educators rarely have in-depth knowledge of mathematics and science, and
due to their insufficient content knowledge, they lack confidence in their own abilities
to implement quality STEM learning experiences (Greenfield et al., 2009). A critical
step to improve outcomes for children is to improve the support for educators to provide
high-quality STEM experiences in the preschool period (Brenneman et al., 2019). This
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can be done by creating rich content for the development of STEM activities. It has
been previously demonstrated that the quality of children’s learning environments
before the age of six has an impact on their later academic achievements
(Hadzigeorgiou, 2002). For this reason, they should learn the basic concepts and
contents of STEM with hands-on activities in the preschool years within rich learning
environments (Leung & Xinyun, 2019). On the other hand, effective methods for early
childhood STEM education, teacher training, and curriculum design are important. One
important factor is the professional preparedness of teachers in teaching STEM subjects.
Research has shown that teachers’ lack of self-confidence and inadequate training in
STEM areas can hinder the provision of quality STEM learning experiences (Aldemir &
Kermani, 2016). Therefore, providing teachers with the necessary training and support
is essential to enhance their confidence and pedagogical beliefs in STEM education
(Yang et al., 2021). This can be achieved through professional development programs
that focus on integrating STEM practices into early childhood classrooms (Sydon &
Phuntsho, 2022). In addition to teacher training, the curriculum design and learning
environment also play a significant role in the effectiveness of early childhood STEM
education. It is important to create developmentally appropriate STEM practices that
align with the interests and abilities of young children (Cetin & Demircan, 2020). This
can be achieved by incorporating play-based learning approaches, which have been
effective in promoting early childhood STEM learning (Sydon & Phuntsho, 2022).
Furthermore, integrating technology, such as touchscreen devices, can supplement early
STEM education and enhance children’s learning experiences (Aladé et al., 2016).
Another aspect to consider is the development of children’s STEM habits of mind.
STEM process skills developed during the early years have lifelong positive effects on
young children (Yang et al., 2023). Therefore, it is important to assess and foster
children’s STEM habits of mind through appropriate educational interventions.
Moreover, career awareness and exploration can be integrated into early childhood
STEM education to provide children with a broader understanding of the relevance and
applications of STEM subjects (Manowaluilou & Nilsook, 2023). This can be achieved
through the use of career linkage strategies that connect STEM education with real-
world careers (Manowaluilou & Nilsook, 2023). Overall, effective early childhood
STEM education requires a comprehensive approach that includes teacher training,
curriculum design, learning environment, technology integration, and the development
of children’s STEM habits of mind.

Aim of the Study

It is common in educational research to conduct reviews to discover situations
and trends in certain disciplines (Karampelas, 2021). In this study, research conducted
on STEM education in early childhood is examined. This work will contribute to the
identification of the needs and trends, opportunities, and deficiencies in STEM
education in early childhood. In line with the identified needs, this study will also
provide information about the contents, methods, and analytical techniques of research
in the field of STEM education in early childhood, offering suggestions about research
to be done in the future, as well.

The aim of this study is to synthesize the existing body of knowledge about
STEM education in the preschool period and examine how the relevant factors are
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related to each other. Within that framework, this research was designed with the aim of
presenting the contents of educational activities based on a thorough analysis of the
articles published on STEM so far. The main questions addressed in this study are as
follows: Among articles published on the topic of STEM education in the preschool
period, (a) what are their distributions according to publishers and publication years? (b)
In which journals were they were published? (c) What are the distributions of countries
and subjects? (d) Which research methods are used, and what is the typical research
duration? (e) What are the distributions of sample (observation) group types and
numbers? (f) What keywords are used? (g) What data collection tools are used? (h) How
do the results of the articles align with the aim in the context of STEM education?

Method

It is particularly important to apply scoping review, or numerical analysis, in
studies of the development and characteristics of STEM education research at more
specific levels (e.g., the age group of 0-6 years) with statistical methods (Kiirkli, 2019).
Scoping reviews involve locating, analyzing, and presenting relevant data to gather
evidence in a specific area, all done by adhering to a prescribed protocol within the
existing literature (Munn et al., 2018). Although this approach is relatively new, it is
used to reach conclusions by narrowing the scope of wide-ranging topics (Pham et al.,
2014). This type of research enables a large amount of literature to be examined quickly
and transferred to the reader. It can be used especially in answering questions made or
curious about a specific subject in large time intervals (Tricco et al., 2015). The present
study was designed with the aim of conducting a comprehensive literature analysis of
preschool STEM education research and evaluating future opportunities. The findings
provide important insight into current STEM education trends, using the current
evidence base as a reference for future STEM education research and development.
Scoping reviews are a type of literature review that aims to map the existing literature
and provide an overview of the available evidence on a particular topic or research area
(Colquhoun et al., 2014; Phan-Le et al., 2022). They are particularly useful when the
topic has not been extensively reviewed, or the literature is complex and heterogeneous
(Phan-Le et al., 2022). Scoping reviews differ from other types of literature reviews in
terms of their purpose, methodology, and reporting. Unlike systematic reviews, which
aim to answer a specific research question and provide a comprehensive synthesis of the
available evidence, scoping reviews have a broader objective of mapping the literature
and identifying key concepts, gaps in the research, and types and sources of evidence to
inform practice, policymaking, and further research (Colquhoun et al., 2014). Scoping
reviews are often conducted as standalone projects and can be undertaken when an area
is complex or has not been comprehensively reviewed before (Colquhoun et al., 2014).
Scoping reviews tend to focus on the breadth of existing literature rather than the depth
of coverage (Arksey & O’Malley, 2005). They are an ideal tool for determining the
scope or extent of literature on a particular topic and providing an overview, whether
broad or detailed, as well as assessing the volume of literature and studies available
(Munn et al., 2018). These reviews are especially valuable for examining emerging
evidence when it is not yet clear if specific research questions can be formulated,
making them a precursor to more definitive systematic reviews (Armstrong et al., 2011).
The overarching goal of conducting scoping reviews is to systematically identify and

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 28-56



Trends, Opportunities, and Pipelining in Preschool... 33

map the available evidence on a given topic, thereby providing a comprehensive
landscape of the existing literature (Munn et al., 2018). While Arksey & O’Malley
(2005) conducted the coverage review, we recorded the following information;

* Author(s), year of publication, place of study

* Type of intervention and comparator (if applicable); response time
* Study populations,

* Objectives of the study

» Methodology

* Outcome criteria

* Important results.

In this study, we adhered to the following procedures: “Define the aims and
scope of the scoping review,” “Choose the techniques for scoping review,” “Collect the
data,” and “Run the analysis and report the findings.” The steps of the plan processed in
the scoping review are given below.

Schema 1
Steps Followed in Scoping Review Planning

Stepl Subject and Problem

The aim of the studyisto examine the STEM educationstudies conducted for the early
childhood period. Here. itis aim ed to ex amine thearticlespreparedespecially for the 0-6 age
group children, their famlies, teachers or the analysis of the articles preparedfor this group.

Step 2 Research Protocol

The eligbility or inclusion criteria of the publicationsto be included in the research are the
determ ination of the screeningprocess. evaluationprocess andanalysisprocess. Thisis
illustratedin scheme 2 stages1 and 3.

Step 3 Concept and Participants

Itis necessary to determine the concepts, key concepts and sample lim it used in the research.
Thisis illustratedin scheme 2 stages 1 and 3.

Step4 Literature Searches

Itis the stage in which publishers are searched using Thisis illustratedin scheme 2 stage 2.

Step5 Select an Article

Articles determinedaccordingto eligibility criteria are selected. Thisisillustratedin scheme 2
staged.

Stepb Data Extraction and Creation
Itis the stage of creating graphs. tables, etc.. suitable forresearchquestions by takingthe
relevant datafrom the selected articles. Thisis iltustrated in schem e 2 stage 5 and infindings.

Step7 Questions are Proof's
The answersto the research questions are answered usingthe obtained data-evidence. These
datawere also used in the findings section and the discussion section

The steps followed in planning the scoping review for the research are shown in
Schema 1. In this schema, seven steps of the method are followed in the research. These
steps were created by researchers using Munn et al. (2018), Peters et al. (2015), and
Scoping reviews (Phan-Le et al., 2022) studies.
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Data Collection Process

The data collection process for this scoping review followed a systematic and
rigorous approach to ensure the reliability and replicability of the study. The criteria
used to select the articles to be analyzed were clearly defined to maintain the quality of
both the analysis and the selected articles (Hemingway & Brereton, 2009; Moule &
Goodman, 2009; Ozkaya, 2018). To identify relevant articles, we focused on
publications from reputable sources such as Springer, Taylor & Francis, Elsevier, and
SAGE, which are known for their high-quality content in the field of STEM education.
The decision to focus on these publishers aimed to target articles with significant
academic rigor and relevance. Keywords such as “STEM,” “STEM education,”
“kindergarten,” and “preschool” were carefully selected based on their relevance to the
research context. These keywords were then used to conduct systematic searches on the
selected platforms, namely Springer, Taylor & Francis, Elsevier, and SAGE. The search
process was conducted with precision and consistency to ensure that relevant articles
were retrieved. To align with the research focusing on STEM education in preschool,
the publication years of the selected articles were restricted to those published between
January 2016 and June 2021. The choice of this timeframe was deliberate as it aimed to
capture the most recent studies that would be instrumental in identifying current trends
and practices. Throughout the search and selection process, adherence to the criterion
that the articles analyzed should address the 0-6 age group was rigorously maintained.
This criterion was central to maintaining the relevance and alignment of the study with
the research objectives. As a result, 25 articles were excluded from the analysis on the
grounds that they failed to meet this criterion. As a result, the scoping review focused
on a comprehensive analysis of 29 articles that met all the identified criteria. A
multifaceted approach was used to analyze the data. First, keywords relevant to the
research scope were chosen, and selected academic publishers (Springer, Taylor &
Francis, Elsevier, and SAGE) served as the primary platforms for data collection. The
search process was systematically conducted on these platforms using the identified
keywords. The collected publications were then subjected to a rigorous analysis based
on several key criteria. These criteria included year of publication, country of origin,
sample characteristics, journal of publication, topic, and relevance of the results to the
research objectives. The analysis was carried out using tools such as Excel for data
organization and VOS (Visualizing Output of Science) to create visual representations,
concept clouds, and graphical representations to facilitate understanding of data trends
and relationships. The stages followed in data collection are given in Schema 2.
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Schema 2
Research Implementation Steps

Stage 1
Search Criteria [S)t:li‘ltjise selection Stage 3
Article selection
Keywords & Titles . criteria
Springer
STEM Taylor & Francis
STEM Education yio Include keywords and
. Elsevier
kindergarten 0-6 age group
SAGE
pre-school
Scope Review of STEM in Preschool Education
Stage 4 Stage 5 Stage 6
Data collection Data analysis Presentation of
. resulis
Articles: E;;tw Eiie l VOS viewer,
n=29 e Description and report
: Analysis; frequency, f the findings of the
Date: January 2016 to percentage, word cloud, oL g
June 2021 descriptive analysis studies

Schema 2 shows the stages of the present research. The researchers completed
the study within the framework of these stages.

Analysis of Data

Initially, keywords were selected in order to examine the outputs of research on
preschool STEM education in detail. Springer, Taylor & Francis, Elsevier, and SAGE
were then chosen for the platform. The search process was carried out on the selected
platform with the determined keywords. The relevant publications were then analyzed
in terms of publication year, country, samples, journal, subject, and the relationship of
results and aims. Excel and the VOS program were used while analyzing the data. The
obtained data are provided as frequencies, percentages, and concept clouds.

This scoping review was rigorously conducted to map the existing literature and
provide an overview of the current evidence on STEM education in preschool. The
research aimed to identify trends, gaps, and opportunities in this area, offering insights
that can inform practice, policymaking, and future research efforts.

Findings
The findings obtained from this research are presented below in the order of the
research questions.

Distribution of Articles by Publisher and Publication Year
The distribution of publishers for 2016-2021 is illustrated in Graph 1.
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Graph 1
Number of Relevant Articles Published over the Years by Each Publisher
5
4
3
2
1 1
0
2016 2017 2018 2019 2020 2021
B Taylor & Francis 0 2 0 2 3 4
Springer 0 1 1 2 2 4
M Elsevier 1 1 1 0 1 3
W Sage 0 0 0 0 0 1

As seen in Graph 1, Springer published relevant articles in all the years under
consideration, excluding 2016. Springer has the highest average number of publications
per year; particularly noteworthy are its four relevant articles in 2021. Taylor & Francis
did not publish any relevant articles in 2016 or 2018. However, they published a total of
11 relevant articles across the other considered years. Springer published a total of 10
relevant articles in the years under consideration. Elsevier published relevant articles in
all the years considered except 2018 and 2019. SAGE only published one relevant

article in 2021.

Distribution of Articles by Journals

The international journals publishing research on STEM education in early

childhood are given in Table 1.

Table 1

Journals Publishing Relevant Research on STEM Education in Early Childhood

Order  Journals

f

%

© 0O N oo o b~ w N P

[Ey
o

Early Childhood Education Journal
Early Education and Development

Computers in Human Behavior

Early Child Development and Care

International Journal of Early Childhood

Disability and Rehabilitation: Assistive Technology

Early Years International Research Journal

European Early Childhood Education Research Journal

International Journal of Early Years Education

International Journal of Educational Research

I = T N S S S R Y

22.22
7.41
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
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11 International Journal of Science and Mathematics Education 1 3.70
12 Journal for STEM Education Research 1 3.70
13 Journal of Applied Developmental Psychology 1 3.70
14 Journal of Children and Media 1 3.70
15 Journal of Early Childhood Research 1 3.70
16 Journal of Early Childhood Teacher Education 1 3.70
17 Journal of Experimental Child Psychology 1 3.70
18 Learning, Culture, and Social Interaction 1 3.70
19 Media Psychology 1 3.70
20 Research in Science Education 1 3.70
21 Science Activities Projects and Curriculum Ideas in STEM Classrooms 1 3.70
22 Thinking Skills and Creativity 1 3.70
23 Early Childhood Research Quarterly 1 3.70

Table 1 shows that 29 relevant articles were published in 23 different journals.
Six of these articles were published in the Early Childhood Education Journal. A single
relevant article was published in each of the other journals.

Country and Subject Distributions of the Articles

The results of the analysis of the relevant articles about STEM in early

childho

Table 2
Subject

od in terms of country and subject are given in Table 2.

Distribution of Relevant Articles from Different Countries

Subjects

Countries where the research was conducted

USA Australia Turkey China Canada Sweden Taiwan UK & USA Total

Gender studies 3 3

Models design 3

STEM activities 2

Using ro

botics 1 1

Technology integration 1 1

Art integration 1

Analysing articles 1

Creativit

y process 1

Engineering design process 1

STEM identity 1

Integration 1

Teaching Mathematics 1

Intellectual Habits 1

Professional development 1

1

= = T = T = T =N S = R CRENY R REN
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Program development 1 1
Self-efficacy 1 1
Teaching STEM 1 1
Thinking styles 1 1
Total 9 6 5 3 2 2 1 1 29

Table 2 outlines the relationships between the countries where these articles
were published and the STEM topics considered. The United States is the country
producing the highest number of relevant articles, with nine articles. Australia is in the
second place with six articles, and Turkey is in the third place with five articles.
Furthermore, most of the articles were written on the topic of gender in STEM
education (f=7). This is followed by the topics of STEM models, activities, and robots.

Method and Duration of the Research

The applied methods and durations of research of the analyzed articles on STEM
education in early childhood from 2016-2021 are given in Table 3.

Table 3

Methods and Research Durations of the Considered Articles
Methods  Qualitative  f Quantitative f Mixed f Others f
1 session 6 8 weeks 3 52weeks 1 104 weeks (design-based) 1
104 weeks 1 12 weeks 1 10weeks 1 72 weeks (meta-approach) 1
Time 52 weeks 1 4 weeks 1 8weeks 1 6 dvz\alsill(c?p(rzﬂe?:)e ! 1
2 weeks 2 1 week 1 1session 2 1 session (workshops) 1

1 session 4

Total 10 11 5 4

Table 3 provides an overview of the timeframes used in early childhood STEM
education research, categorized by research methods. The majority of qualitative studies
(f=10) were conducted within shorter timeframes, such as one session or two weeks.
Quantitative research (f=11) extended over various durations, most commonly eight
weeks. Mixed methods (f=5) research exhibited diverse timeframes, ranging from 1
session to 104 weeks, with some involving design-based approaches. The category
“Others” (f=4) includes various timeframes, with one study lasting for 72 weeks using a
meta-approach and others involving workshops or one session.
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Graph 2
Research Design of the Considered Articles
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Graph 2 outlines the various research methodologies employed in early
childhood STEM education studies. Mixed methods (f=5) emerge as a popular choice,
reflecting the comprehensive approach researchers take to investigate this complex
field. Interviews (f=7) are widely used, highlighting the significance of gathering
firsthand insights from key stakeholders such as educators, parents, and children.
Experimental methods (f=5) indicate a focus on empirical research to assess the impact
of STEM education interventions. Surveys (f=3) and descriptives (f=3) demonstrate an
interest in collecting quantitative data and statistical analyses. Model development (f=2)
suggests efforts to create innovative frameworks for early childhood STEM education,
and the presence of meta-analysis (f=1) shows an inclination toward synthesizing
existing research findings.

Sample Types and Sample Numbers

The sample types and numbers of the considered articles on STEM education in
early childhood are illustrated in Graph 3.

Graph 3 indicates that 14 articles focused solely on children in the 0-6 age group
as their sample. These studies involved a minimum of 15 and a maximum of 500
students. Additionally, four articles included both children and teachers or parents, with
participant numbers ranging from 12 to 500. Seven articles centered on teachers as the
sample, while four others involved different groups, such as experts, or were based on
the analysis of observations of children aged 0-6 years. These articles included a
minimum of 20 and a maximum of 430 participants.
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Graph 3
Sample Types and Numbers of the Considered Articles

Articles (f)
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m Others 20 | 24 | 30 |117

Keywords Used in the Articles

When the keywords of the considered articles published between 2016 and 2021
were examined, the concept cloud in Figure 1 was obtained.

Figure 1
The Concept Cloud is Formed by the Keywords of the Considered Articles
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When Figure 1 is examined, it is evident that key concepts such as science,
STEM education, childhood, and early childhood education are particularly prevalent.
These keywords are natural for the research topics at hand. However, concepts such as
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gender, professional development, and science education also emerge among the
keywords. In more recent research, COVID is also a topic of interest.

Data Collection Tools Used in the Articles

When the data collection tools used in the considered articles published between
2016 and 2021 were examined, the concept cloud in Figure 2 was obtained.

Figure 2
Concept Cloud of the Data Collection Tools of the Considered Articles
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When Figure 2 is examined, it is evident that interviewing and observations are
most prevalent among the data collection tools. In addition to these, document reviews,
interview forms, and teacher interviews are also used. It can be noted that there are
differences in the data collection tools used in these articles.

Relationships of the Results and Aims of the Articles

Data regarding the activities used in the considered articles published between
2016 and 2021 are presented in Table 4.

Table 4

Relationships of the Results and Aims of the Articles

Aims Results

1. A model was developed for bilingual students by conducting a workshop under the supervision of
education leaders.

2. It was determined that the model prepared with STEM activities gave students a high level of
understanding.

Model
Development
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Effects of Gaming

1. With the support of the PlayWorld game, it was determined that girls contribute to the formation of
STEM identities.

2. It was determined that technology-integrated games contribute to the development of STEM skills.

3. With technology-integrated games, it was determined that girls’ interest and self-efficacy are
strengthened as much as that of boys.

4. It was determined that girls participate as much as boys on playgrounds where it is difficult for girls
to enter.

Program Development

1. A STEM program with parent participation was developed.

2. Expert opinions about the Little Scientists program, which was implemented for two years, were
analyzed.

3. The Makerspace program was piloted for the formation of students’ STEM identities.
4. A STEM program was developed for early childhood.

5. As a result of the pilot application of a STEM robotics program, it was determined that children with
disabilities enjoyed the activities and gained knowledge.

6. How digital and analog programming and the use of decontextualized language may influence
teachers’ and children’s communication about robotics and STEM in preschool was understood.

Activity Effects

1. It was determined that girls had difficulties during engineering applications and their movements
were limited.

2. Children’s STEM identities are formed in environments such as science museums, zoos, and
aquariums. In addition, it was found that boys stated that they were better than girls in STEM subjects.

3. STEM activities increased children’s creative thinking and problem-solving skills.

4. As aresult of STEM activities, an increase in mathematical skills was observed, especially among
middle-level and low-level students.

5. By showing children videos on STEM disciplines and gender, it was determined that the selective
confidence of male characters was equal to that of boys and that of girls to male and female characters.

6. A STEM activity for egg transport was designed and explained in detail.
7. It was revealed that the effect on children’s creativity was positive and permanent.

8. They showed that Makerspace environments that support 3D design can be used to encourage
preschool children’s STEM literacy.

9. It showed that parents’ attitudes and beliefs towards science and mathematics were related to
children’s evaluations. Differences in reasoning and gender of the target were also identified.

Data Collection

1. Expert opinion was obtained to determine STEM concepts, ideas, and beliefs.
2. Attitudes and opinions of teachers towards STEM practices in kindergartens were obtained.

3. The STEM self-efficacy of teacher candidates was analyzed.
4. The teachers’ strategies and methods in the STEM activities process were determined.

5. A strategy was determined for teachers to understand and teach STEM and to conduct art activities
using digital technologies.

6. A workshop was held to increase teachers’ STEM activities with Ramps & Pathways events.

7. An analysis of TV programs providing STEM education was conducted. In general, it was
determined that the programs tended to exhibit more egalitarian structures.

8. An analysis of 24 articles published on early childhood was conducted.
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The connections between the results and aims of the articles were examined, as
shown in Table 4. In terms of the results of the methods and activities applied in these
articles, the aims were classified into five groups. Nine articles aimed to understand the
effects of activities, eight aimed at data collection, six explored program development,
four considered the effect of playing games, and two aimed at model development. In
articles investigating the effects of activities, goals included developing children’s
thinking, mathematical skills, and creativity in the STEM field, sometimes in the
context of gender. In the articles aimed at data collection, information about early
childhood was collected from teachers, experts, and sources such as TV programs. In
the articles on program development, STEM programs were developed with Little
Scientists, Makerspace, robotic applications, and digital or analog applications. In the
articles addressing the effect of playing games, it was concluded that the STEM gender
roles of girls generally matured. In the articles on model development, a model was
designed for bilingual children and expected to have a higher level of understanding.

Discussion

As a result of this research and analysis of articles on STEM in early childhood,
it is clear that researchers have had an interest in the STEM field ever since the concept
of STEM education emerged in the late 1990s and early 2000s. With the publication of
more articles on STEM education, scoping reviews continued to grow in number in the
following years. For example, Thibaut et al. (2018) analyzed 23 STEM articles as a
result of ERIC and Web of Science research. Martin-Paez et al. (2019) analyzed 27
articles on STEM education published between 2013 and 2018 by searching in the Web
of Science database. Ozkaya (2019) conducted a scoping review of STEM education
studies published between 1992 and 2017. Wan et al. (2020) analyzed 24 articles using
the same keywords in databases such as EBSCOhost and ERIC for studies published
between 2009 and 2020. Sirakaya and Sirakaya (2020) studied research on augmented
reality in STEM education from 1980 to early 2019 and analyzed 42 articles from
ERIC, ProQuest, EBSCO, ScienceDirect, and Web of Science. In the study conducted
by Li et al. (2020), a total of 798 articles from 45 journals on STEM subjects or
disciplines published between 2000 and 2018 were examined. Takeuchi et al. (2020)
analyzed a total of 143 interdisciplinary STEM articles published between 2007 and
2017. As a result of these scoping reviews performed over the years, it can be said that
there has been an increase in both the number and variety of publishers and articles
addressing STEM topics. Novia et al. (2021) recently examined 260 articles on
educational games in the STEM field published between 2010 and 2020. Arifin and
Mahmud (2021) reviewed six databases (SCOPUS, Science Direct, ERIC, Taylor &
Francis, Web of Science, and Springer) and analyzed seven articles on design-oriented
STEM education. In addition, in the study undertaken by Jin (2021), 24 articles on
science and STEM education published between 2011 and 2020 were analyzed in a
systematic review. When we look at the reviews published in 2021, it is clear that this
research was performed based on articles provided by specific publishers. Considering
both the journals and publishers examined within the scope of this research, it is also
evident that there has been an increase in the number of articles published on the subject
of STEM education from 2016 to 2021. The scoping review further indicates a rise in
the number of publications in STEM education journals in recent years. The publication
of relevant studies in many different journals also supports this finding. An exception is
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the scoping review conducted by Denton and Borrego (2021), who examined 42 articles
on STEM education at the K-12 level in their study.

When the considered articles are examined, it is evident that they were published
based on research conducted in the USA, Turkey, and Australia in that order of
prevalence. Thus, consistent with previous reviews, the majority of publications on
STEM education research were made by authors from the USA, where STEM and
STEAM education first arose. Martin-Paez et al. (2019), Jin (2021), Le Thi Thu et al.
(2021), and Han et al. (2021) all reported the most publications being made by authors
from the USA in their analysis of articles on STEM education. At the same time,
authors from Australia, Canada, Taiwan, and some other parts of Asia have become
more active in this field over the past few years (Li et al., 2020). Although these
previous findings are consistent with the present study’s findings, there has been a trend
toward increasing numbers of STEM education publications in Turkey in recent years.
Regarding topics, our research revealed that the largest number of articles addressed
gender in STEM education. Other subjects of particular interest were STEM models,
activities, and robots. Similarly, Tselegkaridis and Sapounidis (2021) stated that robotic
applications were common in STEM education studies. Martin-Paez et al. (2019)
determined that articles largely focused on STEM education, STEM literacy, and STEM
curricula. Thus, while articles on STEM education and STEM curricula have
historically been dominant in literature reviews, gender in STEM education has grown
more prominent as a research topic in recent years, according to our analysis.

In the considered articles on STEM education in early childhood, qualitative
methods were mostly preferred, and most studies were performed with one-time
applications. In addition to qualitative methods, experimental, mixed, and screening
methods were also used. While some considered articles presented the results of one-
time applications, others had research durations extending to 104 weeks. Similarly, in
the analysis of articles on STEM education, Jin (2021) reported a majority of qualitative
methods with application periods ranging from 2 weeks to 1 year. Similarly, in the
analysis of STEM articles by Jayarajah et al. (2014), it was concluded that qualitative
studies were in the majority. These findings support the conclusions of the present
work. In contrast, Martin-Paez et al. (2019) reported that a majority of STEM education
articles employed mixed methods. Seven and Ugar (2020) identified quantitative
methods as being predominant in an examination of theses on preschool education. It is
clear that qualitative methods have been generally preferred in recent years for studies
of STEM education in preschool, in addition to other studies conducted with methods
such as quantitative and mixed methods. Both short-term and long-term studies were
carried out within this framework.

In terms of sample types and numbers, the majority of articles focused on
sample groups consisting solely of children aged 0-6 years. These articles were prepared
with a minimum of 15 students and a maximum of 500 students. Other publications
have considered teachers, parents, experts, and previously published articles addressing
students aged 0-6 years. In this group of articles, sample sizes range from 12 to 430.
Since the present study specifically considered STEM articles addressing the age group
of 0-6 years, the samples predominantly comprised preschool students and stakeholders
(teachers, parents, experts). For this reason, no similar study could be identified in the
literature. However, there are related studies supporting these findings. For example,
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Martin-Péez et al. (2019) stated that very few publications address STEM education for
preschool children. Ahi and Kildan (2013), Cif¢i and Ersoy (2019), and Sahin and
Bartan (2017) determined that sample groups generally comprised children in their
analyses of theses written about the preschool period. In addition, when Kiremit (2019)
and Karoglu and Esen Coban (2019) analyzed publications on language development in
children, they determined that the majority of the sample groups comprised children.
This is thought to be related to the research subjects at hand. Sirakaya and Sirakaya
(2020) and Le Thi Thu et al. (2021) determined that their considered articles were
mostly written with secondary school students as the sample populations, while
Jayarajah et al. (2014) determined that the majority of participants were in the age group
of 12-24 in their analysis of STEM education articles published between 1999 and 2013.
As can be seen here, STEM education studies have mostly been conducted for middle
school students or the age group of 12-24 years (i.e., high school and university) rather
than preschool. When studies are examined in terms of the sizes of samples, Jin (2021)
determined the number of participants to range between 24 and 42 in the study. Cif¢i
and Ersoy (2019) and Sirakaya and Swrakaya (2020) found that the majority of
considered articles were based on research conducted with 31-100 participants. These
findings are similar to those of the present study.

In the articles published between 2016 and 2021, the keywords “STEM,”
“STEM education,” “childhood,” and “early childhood education™ particularly stand
out. These keywords are logical considering the topics of the articles. Similarly, Ogurlu
and Cayir (2014) analyzed the key concepts explored in publications on gifted people.
They determined that the key concepts most often considered were related to the subject
at hand, such as intelligence or science and art centers. In the present study, in addition
to the key concepts directly related to the subject, concepts such as gender, professional
development, and science education are also observed. Furthermore, in the most recent
studies, the COVID-19 pandemic is mentioned. Notably, interviews and observations
are primarily used as data collection tools in articles on STEM education in early
childhood. In addition, tools such as document reviews, interview forms, and teacher
interviews may be mentioned. Thus, there are differences in the data collection tools
used in the considered articles, varying depending on sample types and study methods.
Sirakaya and Sirakaya (2020) found that the majority of their considered studies
involved secondary school students, and the data were accordingly collected mainly
through achievement tests, screenings, and interviews. Although interviews and
screening techniques were similarly observed in the present research, there were no
findings for achievement tests.

The activities or practices applied in the considered articles were classified into
five groups according to their purposes. Generally, the majority of the aims included
determining the STEM identities of girls with games; developing child-specific or
parent-participation programs such as robotics, Little Scientists, or Makerspace;
applying STEM activities to determine their effects on assorted variables; and collecting
data, primarily from teachers, on the application of STEM education. Similarly, Wan et
al. (2020) reported articles addressing the effects of digital games and robotic
applications on assorted variables and STEM education with the opinions of teachers,
parents, and experts. These research findings are similar to the results of the present
study in terms of classifying the aims of the reviewed articles. Takeuchi et al. (2020)
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found that most of the considered articles focused on students’ STEM career plans.
Thibaut et al. (2018) stated that the articles they considered were predominantly about
STEM integration. These findings are compatible with those of the present study as
well. The effects of STEM activities on variables such as selective confidence,
mathematical skills, and problem-solving have been examined in the relevant literature.
In their study, Ha et al. (2020) evaluated scientific results on STEM education,
including engineering and computing education. Jin (2021) reported that among the
aims of the articles he analyzed, improving scientific inquiry skills, developing interest
in and positive attitudes towards STEM subjects, and building STEM identities were the
top ones. Although these findings do not exactly overlap with those of the present work,
there are similarities. Sirakaya and Sirakaya (2020) classified the purposes and learning
outcomes of the articles they considered and reported a focus on the effect of learning,
the outcomes of training, and interactions. In addition, Martin-Paez et al. (2019)
concluded that their considered articles were mostly about cognitive development and
attitudes. In the analysis of STEM articles published between 2010 and 2015,
McDonald (2016) concluded that the role of teachers in quality learning is important as
they can increase students’ interest in and positive attitudes towards STEM subjects
with effective pedagogical formation. Thus, these studies mostly focus on analyzing
changes in interests, attitudes, and cognitive development based on STEM education in
different sample groups.

In general, it can be asserted that studies on STEM education in early childhood
show great promise. Involving children in STEM activities with robotics applications,
games, activities, models, or program development contributes to the field. Moreover,
better STEM activities can be planned with studies conducted based on the opinions of
teachers and experts. The engagement of parents in this process is considered
particularly promising for future studies and the development of successful STEM
education. These findings reflect that achievements in STEM activities will have
impacts at home, at school, on the streets, and in all areas of daily life. Based on the
assumptions and limitations of studies conducted to date, new studies can be
undertaken, and the impact of STEM education can be increased. In addition, it can be
noted that studies aimed at providing a gender balance in STEM education have become
widespread. There may be classroom interactions in which girls and boys will
participate at similar rates. Finally, the quality of education should be increased for
individual students by taking economic and intellectual variables into account. The
effects of using STEM disciplines for the acquisition of daily life skills have become
particularly evident.

Conclusion and Recommendations

Although there has been an increase in the number of articles on preschool
STEM education published between 2016 and 2021, this is still a relatively new and
growing field compared to STEM education studies for different age groups. For this
reason, it is recommended that STEM education researchers focus more on STEM
education in the preschool period.

Upon reviewing the publication of articles on STEM education in early
childhood, it has been determined that there is a stronger tendency to conduct STEM
education research in developed countries than in developing countries. Developing
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countries should be supported in this regard, and the STEM subjects studied for the
preschool age group should be diversified.

Qualitative methods were primarily used in the articles analyzed in this research,
although other methods were also observed. It is recommended to use the operational
research method for both close monitoring and individual development at the preschool
level. In addition, although both short-term and long-term studies were observed in
terms of the duration of research, more programmatic or achievement-oriented studies
should be conducted.

In this examination of articles addressing the age group of 0-6 years, it was
noted that the sample groups also included relevant stakeholders. The number of studies
addressing these stakeholders should be increased. In addition, studies with differing
sample sizes were observed, and it should not be forgotten that it is important that the
number of samples be appropriate for the selected method.

While it was generally clear that articles on STEM education in early childhood
use keywords related to their subjects, the concepts of gender, professional
development, and science education were particularly prevalent. The use of different
concepts enriches the field. It is suggested that a common standard be embraced due to
differences in keywords, such as “STEM” in some studies and “STEM education” in
others.

The prevalent use of interviews and observations as data collection tools was an
expected finding due to the fact that these articles were largely based on qualitative
methods and the majority of participants, i.e., children aged 0-6, were illiterate. It is
recommended to use multidimensional data collection tools simultaneously to evaluate
studies conducted with children.

When the STEM activities for preschoolers in the considered articles were
examined, it was determined that different activities are carried out to increase the
effects of STEM education. These activities designed for the age group of 0-6 generally
focus on games, teachers’ roles, or program and model development. For such activities,
it is necessary to determine factors such as the role of sample groups in the process and
their impact on the process. In other words, there is a need for studies focusing on the
evaluation dimension of STEM education in preschool.

Limitations

The study focused on articles published by specific publishers (Springer, Taylor
& Francis, Elsevier, and SAGE). This approach may not capture the entire body of
relevant literature in the field of preschool STEM education, potentially leading to
publication bias. The study analyzed articles published from January 2016 to June 2021,
which may exclude earlier research that could provide valuable historical context and
insights into the development of STEM education in the preschool period. The criterion
of analyzing articles addressing the age group of 0-6 years led to the exclusion of 25
articles. This selection criterion may introduce subjectivity and potentially exclude
relevant studies with slightly different age group classifications. Scoping reviews, by
design, provide a broad overview of the literature but may lack the depth of analysis and
critical appraisal seen in systematic reviews. This limitation should be acknowledged, as
it may impact the level of detail in the review.
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ABSTRACT: This study was carried out within the scope of a nature education and science camp project. It aimed to
investigate the effects of STEM activities conducted in out-of-school environments on teachers’ STEM awareness
and 21st-century skills. The research was designed according to the explanatory sequential pattern of the mixed
method, and the quantitative and qualitative methods are the continuation of each other. Twenty-three science,
elementary math, technology, and design teachers who worked at public middle schools participated in a six-day
program that integrated STEM subjects with out-of-school learning. Seven different STEM-integrated out-of-school
activities were implemented for six days in one of the central Anatolian regions in Turkey. STEM awareness and
21st-century skills scales were implemented in the study for data collection. A semi-structured interview was also
conducted with teachers. The aim was for the teachers who participated in the project to integrate out-of-school and
STEM education and then transfer this newly gained knowledge to their students. Both quantitative and qualitative
findings support that teacher’s acquisition of knowledge and skills throughout the science camp would support their
students’ craft, analytical thinking, motivation, problem-solving skills, and self-esteem. As such, out-of-learning
environments should be used more in both STEM and 21st-century skills education.

Keywords: Out-of-school learning, middle school teacher training, STEM education, 21st century skills.

OZ: Bu calismanin amaci okul digt ortamlarda gerceklestirilen STEM etkinliklerinin 6gretmenlerin STEM
farkindaliklarina ve 21. yiizyil becerilerine etkisini incelemektir. Arastirmada karma yontemin aciklayici sirali deseni
benimsenmistir. Devlet ortaokullarinda galisan 23 fen, matematik, biligim, teknoloji ve tasarim 6gretmeni, STEM
konularini okul dig1 ortamlarla biitiinlestiren alt1 giinliik bir programa katilmislardir. Yedi farkli okul disi ortamda
kurgulanan STEM etkinlikleri, Tiirkiye’nin Orta Anadolu bolgesindeki bir ilde bir hafta boyunca yiiriitiilmiistiir.
Arastirmada veri toplama amaciyla STEM farkindalik ve 21. yiizyil becerileri lgekleri kullanilmustir. Ayrica
ogretmenlerle yari-yapilandirilmig goriismeler yapilmistir. Arastirmaya katilan dgretmenlerin okul digi ortamlara
entegre edilen STEM egitimleriyle edindikleri bilgileri 6grencilerine aktarmalari hedeflenmistir. Calismanin
bulgulari, dgretmenlerin bilim kamp1 boyunca edindikleri bilgi ve becerileri, dgrencilerinin analitik diigtinmelerini,
motivasyonlarini, problem ¢6zme becerilerini ve dzgilivenlerini desteklemede kullanacaklarina isaret etmektedir. Bu
nedenle hem STEM hem de 21. yiizyil becerileri egitiminde okul dis1 ortamlarin daha fazla kullanilmast
onerilmektedir.

Anahtar kelimeler: okul dig1 6grenme ortamlari, ortaokul 6gretmen egitimi, STEM egitimi, 21. yiizy1l becerileri.
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Formal education refers to structured, systematic, certificated, and generally
state-supported learning that follows an organized curriculum (Ngaka et al., 2012). On
the one hand, non-formal learning environments would be “real OSLE (OSLE)” such as
museums, science centres, industrial institutions, zoos, and national parks. There may
also be “digital/virtual OSLE” such as social media, educational websites, and web 2.0
tools (Karademir, 2018). There has been increasing attention on non-formal learning
environments in formal education. Out-of-school education is not only effective for
developing leisure-time interests and tuning in with the immediate environment, but it
also helps students bring what they learn in the classroom into real life through direct
observation, implementation, and experience. The out-of-school environment could be
considered a laboratory in physical and social sciences, arts and crafts, health, and
physical education (Smith, 2017).

Learning that takes place in non-formal learning environments is not completely
independent of the formal teaching offered in the classroom. Rather, a link could easily
be established, as most institutions propose learning goals and employ educated staff.
However, these easily accessible learning environments are often visited in an
unstructured, recreational way. When detailed aims, concepts, or competencies are
explicated, such informal settings may offer crucial benefits (Randler et al., 2012). In
OSLE, the education curriculum and methodology are flexible. Still, learning takes
place in an intentional and organized way, not just by chance. This flexibility empowers
students to place their needs and interests at the centre of education. While formal
education pays little attention to skill development, out-of-school education emphasizes
skills and the development of attitudes such as tolerance. Students’ needs are better met
in OSLE, which allows them to know themselves and the world more deeply (Grajcevci
& Shala, 2016).

According to the STEM Education Turkey Report, STEM education should not
be limited to in-class activities; rather, it should be supported with OSLE (Akgiindiiz &
Ertepinar, 2015). There are several studies on the learning outcomes of STEM activities
performed in OSLE (Bakioglu & Cevik, 2021; Baran et al., 2016) and attitudes toward
STEM (Cooper & Heaverlo, 2013; Timur et al., 2020; Young et al., 2017). Yet, to the
best of our knowledge, there are no known studies focusing on the effects of STEM
activities carried out in out-of-school environments on teachers” STEM awareness and
21st-century skills. This research is expected to contribute to the literature on the effects
of STEM activities in OSLE. It is a well-known fact that science, technology,
engineering, and math took their actual origin from nature; therefore, it is preferable for
them to be taught in natural settings. All materials, phenomena, procedures, and
problems to be solved could easily be found in nature. Similar to nature, additional out-
of-school environments offer enriched educational opportunities for both STEM
awareness and 21st-century skills.

This research was carried out for one week with 23 teachers from four different
branches in seven different out-of-school environments within the scope of the project
called “STEM is All Around,” supported by the TUBITAK 4004 project. The main aim
was to find and describe useful teaching methods in STEM education (SE), including
out-of-school education, for promoting 21st-century skills of middle school teachers.
This study is guided by the following research main question and sub-question:
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1. How did the STEM activities implemented within the project contribute to the
teachers?

1.1. Does STEM education conducted in out-of-school learning
environments influence teachers’ STEM awareness?

1.2. Does STEM education conducted in out-of-school learning
environments influence teachers’ 21st-century skills?

1.3. What are the participants’ opinions on how STEM education
contributes to them in out-of-school learning environments?

Theoretical Framework and Literature Review

It has been revealed that out-of-school learning environments increase the social
skills of individuals (Panizzon & Gordon, 2003), and such environments enable teachers
to learn new ideas and information from each other and increase and improve their
teaching strategies and skills (Chin, 2004). STEM education, whose starting point is the
philosophy of holism (Simmons, 2021). The multidisciplinary nature of it can be
attributed to the influence of Gestalt theory. The Gestalt Approach helps create new
ways of discovering, experimenting, or creating educational content, where the whole is
more than the parts that make it up and helps capture the development of learning
environments that are more connected to the students’ universe, values subjectivity,
uniqueness, responsibility and experience (Greenwood, 2020). This philosophical
doctrine focuses on the perception of existence in the face of a holistic environment; It
coincides with the transdisciplinary logic of the STEM approach. From this point of
view, STEM is more than just an approach applied in the classroom. STEM education,
which has been popular in recent years, can also be applied in out-of-school learning
environments such as summer camps, museum education, and so on. One of the most
important reasons for this is that STEM education takes place in out-of-school learning
environments is that it offers better foundation for the curriculum content in the USA
(Ozgelik & Akgiindiiz, 2018). The goals of STEM education include increasing the
knowledge, skills, attitudes, and career awareness of individuals towards STEM as well
as the development of 21st-century skills. Out-of-school learning environments
contribute to the development of these goals (Bozkurt et al., 2009). It is important that
teachers who are expected to transfer STEM goals to their students have high STEM
awareness, as teachers with high STEM awareness will provide STEM education more
effectively.

Today’s world is changing at an increasing speed, requiring new and shifting
knowledge and skills. The 21st-century skills include traditional curricular content such
as reading, writing, mathematics, history, and science, as well as writing, interpretation,
and synthesis. The Organization for Economic Co-operation and Development (OECD)
defines 21st-century skills as cognitive skills, intrapersonal skills, and technical skills
(OECD, 2019). Cognitive skills combine thinking, learning, remembering, and
reasoning to transform problem-solving and critical thinking. Intrapersonal skills
encompass a group of self-communication skills to manage emotions and reach
executive functioning. Technical skills involve performing practical tasks that naturally
require information fluency in using certain tools and technologies (Ananiadou & Claro,
2009).
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The American National Science Teachers Association (NSTA) emphasizes that
21st'century skills have a natural and strong relationship with science education. It is
reported that science applications that specifically address the nature of science can
provide a rich context for the development of many 21st-century skills, such as critical
thinking, problem-solving, and information literacy (NSTA, 2011). Students can be
provided with authentic learning environments to develop 21st-century skills (Larson &
Miller, 2011). Besides, allowing students to scrutinize curricular tasks to construct their
knowledge triggers the development of 21st-century skills (Bybee, 2009).

Similarly, STEM education is the core focus of many countries around the
world. Each nation is converting its educational systems to be competitive in the 21st
century. However, the situation is not promising in Turkey, as the majority of Turkish
students lack access to STEM experiences that meet international standards in STEM
disciplines. One of the most important reasons for this is that there are not enough
teachers trained in the STEM field (Corlu et al., 2014). Consequently, STEM activities
carried out in an out-of-school environment will also help teachers to improve
themselves, who will then raise qualified individuals (Ozbilen, 2018).

OSLE provides students with unique and enriched learning opportunities that are
not available during the regular school program. This enrichment increases with
relevant course content and STEM practices that are not possible in a traditional
classroom setting (Peterson & Fix 2007). STEM education aims to increase students’
knowledge, skills, and attitudes towards STEM, as well as improve their 21st-century
skills. As such, non-formal learning environments play a crucial role in contributing to
STEM education goals (Bozkurt Altan et al., 2019). The STEM education program
integrated into non-formal learning environments provides cooperative, practical
learning opportunities that enable students to find solutions for their daily life problems
(Schnittka et al., 2010). Activities that take place outside of school increase students’
interest in the subject matter (Bogner & Wiseman, 2004). Teachers shoulder great
responsibility to establish a bridge between STEM education and non-formal learning
environments to enhance student development. As such, this study might be useful in
filling the mentioned gap in STEM education in out-of-school learning environments.

Method

This research employed a mixed-methods approach to examine the effects of
STEM activities conducted in OSLE on teachers’ STEM awareness and their
development of 21st-century skills. Yildirim and Simsek (2013) stated that one of the
most important reasons for the use of mixed designs in research is that the world around
us is complex and comprehensive. The basic premise for choosing the mixed method is
to add depth and breadth to the study as the holistic picture from meanings obtained
from interviews or observation to the generalization sample from a population obtained
from surveys. A mixed-methods study provides stronger inference than using
quantitative and qualitative approaches alone (Wasti et al., 2022). In the current
research, explanatory sequential design was preferred among mixed designs as it is
effective in explaining qualitatively the quantitative results that may occur unexpectedly
or unusually (Morse, 1991; Plano-Clark & Creswell, 2008).
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Study Group

The science camp was held in September of the 2021-2022 academic year. The
study group was determined using criterion sampling, and the participants were selected
according to criteria determined by experts. Their willingness to participate in the
project, lack of project experience, and having a master’s degree were effective in
selecting the participants. Twenty-three science, elementary math, technology, and
design teachers who worked at public middle schools were chosen from 154 online
applications from eight different cities.

Table 1
Demographic Characteristics of Participating Teachers

f %

Female 17 73.9
Gender

Male 6 26.1

Science 14 60.8

Elementary Maths 5 21.8
Major

Information Technology 3 13.1

Technology & Design 1 4.3

Public 22 95.6
Type of school

Private 1 4.4

1-5 5 21.7
Term of office 6-10 7 30.4

11-15 9 39.2

16 and over 2 8.7

Yes 5 21.7
Project experience

No 18 78.3

Table 1 shows that 17 of the teachers in this study are female, and six are male.
Fourteen of the teachers are from science, 5 of them are from primary school
mathematics, 3 of them are from information technologies, and 1 of them is from the
technology design branch. Twenty-two of the teachers work in public schools, and one
of them works in a private school. Five of the teachers have 1-5 years, 7 have 6-10
years, 9 have 11-15 years, and 2 of them have 16 years or more years of work
experience. Five of the teachers have project experience, and 18 do not have any project
experience in the current research.

Data Collection Instruments

“STEM Awareness Scale” (15 items) and “Multidimensional 21st Century Skills
Scale” (41 items) were used for quantitative data collection. Reliability analyses of the
scales were conducted. The data were analyzed using the SPSS-24 program based on
normality tests. In line with the findings obtained from the quantitative data, the
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qualitative stage was initiated. Participating teachers were interviewed in person using a
semi-structured interview form. Then, the audio recordings and transcriptions of the
interviews were analyzed using content analysis.

Quantitative Data Collection Instruments

STEM Awareness Scale

The scale developed by Cevik (2017) was used to determine teachers’ awareness
of STEM. This scale was prepared in a 5-point Likert style and consisted of a total of 15
items and three factors. The first factor measures the effect of teachers’ STEM
awareness on students, the second sub-dimension measures the effect on the lesson, and
the third sub-dimension measures the effect on the teacher. It was confirmed by CFA
that the scale consisted of 3 sub-dimensions. The Cronbach’s Alpha coefficient for the
overall scale is .82., and the reliability coefficients of the factors are .81, .71, and .70.
The test-retest method was used to validate the scale. In the first stage of this method,
the standard deviation and mean of the scale were determined as 0.52 and 3.95,
respectively. In the second stage, they were determined as 0.53 and 3.91, respectively.
Pearson Correlation Coefficient was found to be significant at the level of p=.001 and r=
.615.

Multidimensional 21% Century Skills Scale

The second scale used in the research was developed by Cevik and Sentiirk
(2019). The scale is in a 5-point Likert style and consists of 41 items, with five factors:
“Information and Technology Literacy Skills,” “Critical Thinking and Problem-Solving
Skills,” “Entrepreneurship and Innovation Skills,” “Social Responsibility and
Leadership Skills” and “Career Awareness”. The alpha reliability coefficient of the
scale is .86 for the overall scale, and for the sub-dimensions of the scale, it is .84, .79,
.76, .73, and .75, respectively. The agreement results obtained with the DFA analysis
regarding the reliability of the scale are (¥*/sd = 2014.17/774; GFI = .90; AGFI = .85;
RMSEA = .050; CFI = .95; NFI = .91 and SRMR = .058), which are acceptable for the
application. The Cronbach's Alpha reliability coefficient of the scale was determined as
.92 for this study.

Quialitative Data Collection

Semi-structured Interview Protocol

In line with the analysis of quantitative data, a semi-structured interview
protocol was used to determine the reasons for the changes identified in the participants.
It was developed to reveal the main reasons for the changes in 21st-century skills and a
STEM awareness in depth. Validity and reliability concepts are against the quantitative
paradigm; credibility and trustworthiness are generally used in qualitative research
(Krefting, 1991).

In qualitative research, the researcher should ensure that the findings are drawn
from the data, not the interpretation of the researcher. Confirmability helps the
researcher to reduce bias originating from the researcher’s own perspective. Several
strategies have been implemented to ensure the credibility of the study. First of all,
researchers developed rapport with participants during the science camp, which led to
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more objective responses in the interviews. Secondly, an audit trail is an effective way
to offer a clear description of the research process (Shenton, 2004). The current study
employed an audit trail to increase confirmability. The process and results were
reviewed by another STEM field expert besides the researchers. Additional expert was
asked to compare the same themes with conceptual categories so that no themes were
left outside. Thirdly, intercoder agreement was determined by using the formula of
Miles and Huberman (1994) Reliability= consensus/ (agreement+ disagreement) *100.
According to Miles and Huberman (1994), agreement among coders is expected to be at
least 80%. The intercoder agreement was accepted as satisfactory as it reached 84%
(83/83+15). In order to ensure confidentiality, the participating teachers were named T1
to T23 (T stands for the teacher, and the accompanying number stands for the number of
participants), and the most representative quotations were selected. Initial findings were
presented at international conferences for peer scrutiny. Finally, the sample selection
was made for transferability, as the characteristics of the participants and the research
field explained (Sharts-Hopko, 2002). The most frequently used sampling methods in
qualitative research are purposeful, random, and voluntary sampling. How the
participants were selected in the study was stated objectively.

The interview questions were formed as follows.

1. Which activity do you think contributed the most to you during the science
camp? Explain with reasons.

2. Which activity do you think contributed the least to you during the science
camp? Explain with reasons.

3. In which aspect do you think the science camp and STEM education
developed you?

4. Which STEM discipline would you say had the most impact on you in science
camp?
5. In which aspects do you think your awareness increased in the science camp?

Activities Procedure

The science camp lasted for a total of 6 days in OSLE. These environments
included Degle Ruin, a coding laboratory, a playground, a science centre, a museum, a
hospital, and a natural park. Legal permissions and ethical documents were obtained
from the relevant authorities. Within the scope of the science camp, STEM activities
included research and inquiry-based science activities within the framework of
engineering, biomimicry, design, coding, environmental awareness, and renewable
energy themes. Measurement and evaluation studies were also organized in order to
determine the teachers’ level of basic knowledge and skills they will acquire in the
science camp. Additionally, warming drama games were held for participants to get to
know each other. In this study, all activities are genuine and developed by researchers.
First, out-of-school environments were determined. Then, the literature was investigated
for appropriate activities. For the following step, activities were sent to prospective
trainers, and based on their feedback, necessary adjustments were made to finalize
activities.
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First Day

The participants arrived at the drama class of Karamanoglu Mehmetbey
University Faculty of Education in the morning. They participated in four different
warming drama activities, which were prepared to help them get to know each other and
express themselves. After the activities, the participants learned each other’s names,
fields of study, professional experiences, and the provinces they came from to
participate in the project. The session focused on planning STEM education in out-of-
school settings, providing examples of how STEM education can be integrated into the
curriculum and how teachers can expand their teaching beyond the classroom through
collaborative, hands-on, and project-based learning activities. STEM activity
worksheets and lesson plans were prepared and presented to show how to integrate
STEM disciplines into out-of-school activities. To provide a real-life experience, a visit
to an apple orchard was organized.

Second Day

Remodeling of Degle Ruins (Karadag): Degle Ruins is a settlement from the
Ancient Eastern Roman period, located 50 km from Karaman-Center. A local resident
welcomed the participants at Degle Ruins and provided information about the ruins. An
expert in the field of STEM gave a presentation by projecting onto ancient walls, and
then the participants took measurements of ancient buildings with laser meters, using
both standard and non-standard units. Finally, the group visited the village’s primary
school to create virtual and real models in a 1:64 ratio based on their measurements.

Third Day

Smart Lighting System Design in the Coding Laboratory: The coding laboratory
at the Youth Centre offers an excellent premise for out-of-school learning. The
TUBITAK Experimental Laboratory has outstanding technical and technological
equipment for coding experiences. In addition to the coding training, the participants
also examined the laboratories, materials, and social facilities in the youth centre. They
set up a lighting system and coded it using the Tinkercad Program. They also learned
how they can benefit from or contribute to Youth Centres in their cities. Designing a
Toy using STEM in the Parks: On the third day afternoon, the participants made
extensive observations of the Karamanoglu Mehmetbey University Practice
Kindergarten Playground materials. They examined the working principles of the
materials in the park. Then, the participants designed a toy consisting of simple
machines within the scope of STEM.

Fourth Day

Let’s Rebuild the Solar System: Konya Science Centre is one of the largest
science centres in Turkey. Science centres are attractive not only because of their
content but also because of their architecture, green spaces, and diverse usage purposes.
TUBITAK aims to spread science culture in our society with the help of the science
centre. Thus, they are well-suited to the philosophy of out-of-school environments. A
planetarium trip was carried out in the centre, and the participants then created a solar
system by reducing the sizes of the planets and the distances between them. After the
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participants examined each other’s systems and finished their presentations, they
examined the materials, devices, and automation systems in interactive laboratories.

Fifth Day

Design a Simple Machine using STEM Education in Museums: The materials
were presented chronologically to the participants by an expert in the museum. The
participants gained technical knowledge by examining the simple machines and
equipment and received information about their working principles. In particular, the
relationship between the number of gears and the force applied by coffee and flour
grinders was explained. Then, the participants developed their own simple machines
within the scope of the STEM approach.

Muscle Measurement Device Design in Muscle Research Laboratory: The
second activity of the fifth day was carried out at the Muscle and Athlete Exercise
Evaluation Laboratory in Karamanoglu Mehmetbey University Medical Faculty
Hospital. It was explained how to benefit from health institutions as an out-of-school
learning environment and how to protect against the risk of infection and transmission.
Participants’ ideas on how to benefit from health institutions were taken, and muscle
strength was measured in one participant. Then, the participants designed their own
muscle-measuring devices, and all designed devices were tested.

Sixth Day

STEM in Nature - Design Transportation Vehicle: Theoretical knowledge about
biomimicry was provided to the participants one day in advance. The activity
worksheet, which they used during their observations in nature, was distributed to the
participants. Information was obtained from the authorities about the nature park and
the creatures found in Yer Koprii Waterfall. At the end of their trip, the participants
created appropriate drawings for the vehicle they wanted to design by taking advantage
of the characteristics of the living things in the nature park. They then designed the
transportation vehicles with the materials provided to them. All groups presented the
tools they designed, and an evaluation was conducted.

Data Analysis

The data analyses were conducted using the SPSS 24 software package. As the
study group comprised less than 50 people, the Shapiro-Wilk test was used
(Biiylikoztirk et al.,, 2011). However, the normality test did not indicate a normal
distribution. Besides, the skewness and kurtosis values were outside the range of +1.5/-
1.5 (Tabachnick & Fidell, 2007). Therefore, changes in the group from the pre-test to
the post-experiment were analyzed using the Wilcoxon Signed Rank Test, one of the
non-parametric tests (Privitera, 2015; Wilcox, 2012). Qualitative data was analyzed
using content analysis, as explained above.

Ethical Procedures

Ethical approval for the research was obtained from the Karamanoglu
Mehmetbey University Ethics Committee with the number 07-2022/187 and date
09.11.2022. After obtaining ethical approval, the participants were asked to sign a
consent form indicating that they were voluntarily participating in the study.
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Results

In this section, answers to the sub-questions under the main question: “In which
direction did the STEM activities realized within the scope of the project contribute to
the teachers?”

The following findings are in line with the first research sub-question, “Does
STEM education conducted in OSLE influence teachers® STEM awareness?” The
differences between the pre-test and post-test scores of the participants on the STEM
Awareness Scale, both in general and its sub-dimensions, as a result of non-parametric
analyses are given in Table 2.

Table 2

Wilcoxon Signed-Rank Test Results for The Participant Pre-Test and Post-Test STEM
Awareness Scale

Pre-test — n Mean Rank Sum of z p
Post-test Ranks
Effect of Negative 1 2.50 2.50 -3.29 .00*
Student Ranks
Positive 12 7.38 88.50
Ranks
Ties 10
Negative 11 10.64 117.00 -3.64 71
Effect of Ranks
Course Positive 11 12.36 136.00
Ranks
Ties 1
Negative 7 9.50 66.50 -.107 .24
Effect of Ranks
Teacher Positive 12 10.29 123.50
Ranks
Ties 4
General Negative 9 8.83 79.50 -1.67 12
Ranks
Positive 13 13.35 173.50
Ranks
Ties 1

Table 2 shows that after attending the OSLE STEM activities (museum, science
centre, playground, ruins, youth centre, research hospital), participants’ STEM
awareness increased. A significant increase was observed in favour of the “effect of
student” sub-dimension (z=-3.29, p<.05). However, this difference was not significant
across the scale and in other sub-dimensions. Participants’ 21st-century skills were
measured with the Multidimensional 21st Century Skills Scale. Result of non-
parametric analyses are given in Table 3.
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The following findings are in line with the second research sub-question, “Does
STEM education conduct in OSLE influence teachers’ 21st-century skills?”

Table 3

Wilcoxon Signed-Rank Test Results for The Participant Pre-Test and Post-Test
Multidimensional 21% Century Skills Scale

Pre-test — n Mean Sum of z p
Post-test Rank Ranks
Knowledge and Negative 4 11.88 47.50 -2.51 .01*
technology Ranks
literacy skills Positive 18 11.42 205.50
Ranks
Ties 1
Critical thinking ~ Negative 14 9.75 136.50 -1.12 .23
and problem- Ranks
solving skills Positive 6 12.25 73.50
Ranks
Ties 3
Entrepreneurship  Negative 5 6.60 33.00 -2.69 .00*
and innovation Ranks
skills Positive 15 11.80 177.00
Ranks
Ties 3
Social Negative 8 12.06 96.50 -.98 .32
responsibility Ranks
and leadership b ciiive 14 11.18 156.50
skills
Ranks
Ties 1
Career Negative 6 10.67 64.00 -.94 .34
consciousness Ranks
Positive 12 8.92 107.00
Ranks
Ties 5

Statistically significant differences were observed on the “Multidimensional 21
Century Skills Scale”. The difference was observed in sub-dimensions of “Knowledge
and Technology Literacy Skills” (z=-2.51, p<.01) and “Entrepreneurship and Innovation
Skills” from the (z=-2.69, p<.05) as shown in Table 3. The difference in scores in favour
of positive ranks in these sub-dimensions shows that the activities carried out within the
scope of the science camp have a significant effect on the Multidimensional 21st
Century skills of teachers, specifically Knowledge and Technology Literacy Skills and
Entrepreneurship and Innovation Skills. No statistically significant difference was found
in the sub-dimensions of Critical Thinking and Problem-Solving Skills, Social

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 57-79



68

Mustafa CEVIK, Biisra BAKIOGLU, & Zeynep TEMIZ

Responsibility and Leadership Skills, and Career Consciousness In order to investigate
the underlying reasons for the quantitative findings, interviews were conducted with the
participants to answer the third problem (What are the participants’ opinions on how
STEM education contributes to them in out-of-school learning environments?) of the
research. The interviews were coded openly, and five themes emerged: Most effective
and least effective activities, efficacy in teaching practice, creating awareness, and
contributing to STEM disciplines. These themes are represented in Table 4, Table 5,
Table 6, and Table 7 below.

Table 4
The Activities That the Participants Found the Most and Least Effective to Them in the
Research
Main Themes Answers Codes
Ruins It contributed a lot (19) * Technology use (11)

Coding Workshop

Science Centre

Children play area

It contributed little (4)

It contributed a lot (15)

It contributed little (8)

It contributed a lot (20)

It contributed little (2)

No response (1)

It contributed a lot (18)

It contributed little (3)

No response (2)

*Exploring different programs (9)

*Bringing different disciplines together (5)

*Insufficient internet (3)
* Transport (1)

*Using technology (10)
*Exploring different programs (10)

*Low readiness (6)
*Mixed (4)

*Using technology (10)
*Using different materials (9)
*Creativity development (8)
*Dexterity (4)

* Inadequate in self-education (1)

* Opportunity to develop yourself (10)
*Imagination development (10)
*Development of dexterity (8)

*Ensuring seeing (2)
*Using technology (1)

*STEM was not complete (1)
*Materials were insufficient (1)
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Muscle Lab It contributed a lot (15) *Using technology (9)
*Development of dexterity (5)

It contributed little (5) *Use of simple materials (5)
* STEM was not complete (4)
No response (3)

Museum It contributed a lot (20) *Creativity (12)
*The importance of group work (4)
*Integrating different disciplines (4)
*Craft development (4)

It contributed little (3) *The setting was not suitable for STEM
)
* More complex problem could be solved
1)
Nature Park It contributed a lot (18) *Creative feature (8)
*Dexterity (5)
*Imagination (4)
It contributed little (3) *Using technology (3)

No response (2) *Environment compelling (2)

The activities that teachers find most effective, ruins, science centre, and
museum, respectively, are shown in Table 4. Teachers benefited from these activities
mostly in terms of using technology (21), exploring different programs (19), creativity
(20), integrating different disciplines (9), and developing fine motor skills (8). T20 said,
“I learned how to construct simple machines with the STEM activity in the museum, my
creativity improved,” while T5 asserted that “STEM education and modelling work in
archaeological sites impressed me a lot, I learned a lot of technology” again T8 stated
“Of the activities, the science centre impressed me the most and inspired me how the
disciplines came together. It has opened up new horizons for the future.” Several
ancient civilizations have been founded and collapsed in Anatolia. As such, around 150
ruins can be found all over Turkey, but there is a dearth of studies focusing on using
those ruins for educational purposes. Besides, all provinces and surrounding towns have
lots of museums. Although museum education has been popular for a couple of decades,
it is also rare in Turkey. Teachers mostly expressed that the activities held in ruins and
museums improve their creativity and use of technology skills. These findings were also
supported by STEM awareness and 21st-century skKills scale findings.
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Table 5

Opinions of the Participants of the Research on Which Direction They Develop More
within the Scope of the Teaching Profession

Main Themes Answers Codes

Student training It was helpful (22) *Technology use (8)
* Doing different activities (6)
* Variety of out of school environments (6)

No response (1) * STEM approach (5)
Professional *Using technology (10)
development Has a positive *Exploring different programs (8)
contribution (23) *Current topics (6)
*Imagination (4)
*Crafts (4)

*Using technology (9)
It was helpful (21) *Using different materials (9)
Course *Content enrichment (6)
*Different approaches (4)
*Preparing lesson plan (4)
No response (2)

Teachers stated that the science camp contributed to their professional
development and teaching as well as beneficial to students (Table 5). They reported that
their acquisitions in using technology (8), doing different activities (6), experiencing a
variety of out-of-school environments (6), and implementing a STEM approach (5) will
contribute to their teaching under the theme of raising students. They further stated that
acquisitions such as using technology (10), exploring different programs (8) and current
topics (6), imagination (4), and hands-on trainig (4) will improve their professional
development. Again, they stated that acquisitions such as using technology (9), using
different materials (9), enriching the content (6), different approaches (4), and preparing
a lesson plan (4) would positively contribute to their teaching under the course theme.
T1 exemplified the issue as “The technological tools and materials we use in the science
camp will allow us to use them with our students,” T3 said, “We learned that there are
different out-of-school environments in the science camp. | will conduct similar
activities with my students when | return to my school.” Again, T10 stated, “I will use
the materials such as the lesson plans and worksheets that we used in the activities in the
science camp,” and T2 expressed his improvements by reporting, “The products we
developed in the science camp increased my hand skills and imagination. | feel like a
different teacher.” The activities were all practical, and teachers engaged in group work
to design a product; they asserted that their learning was efficient, permanent, and
transferrable to their teaching. Teachers expressed that their acquisition of knowledge
and skills throughout the science camp would support their students’ craft, analytical
thinking, motivation, problem-solving skills, and self-esteem, which also appeared in
STEM awareness scale findings.
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Table 6

Opinions of the Participants on Which Discipline that Compose STEM Has More
Influence in the Science Camp

Main Themes Answers Codes

STEM Quite effective (23) Science (7),
Technology (20),
Engineering (15),
Mathematics (5)

Participating teachers stated that the science camp is most effective in STEM
disciplines, specifically Technology (20), Engineering (15), Science (7), and
Mathematics (5) (Table 6). T7 summarized her gains in STEM disciplines during the
science camp, stating, “We used technology and design disciplines more in the science
camp, which made me feel its effect more.” Similarly, T5 said, “In general, technology
and programs affected us more in the science camp,” and T1 said, “I think we used
science more; it was at the core of all activities.”

Table 7

Opinions of the Participants on Which Direction Their Awareness Increased Most with
the Science Camp

Main Themes Answers Codes

STEM Increased (22) What is STEM (12)
Gathering disciplines together (7)
Designed based approach (6)
No response (1)

Out of School Increased (22) Out of school (16)
Different activity in out of school (10)

No response (1)

Team Work Increased (21) Importance of working together (14)
Group work (9)

No response (2)

Imagination Increased (20) Creativity (10)
Designing by imagination (10)
Multidimensional thinking (5)
No response (3)

Table 7 represents an increase in teacher awareness in four main areas during the
science camp. Teachers stated that they now comprehend STEM better (12), can bring
disciplines together (7), learned a design-based approach under the STEM theme (6),

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 57-79



72 Mustafa CEVIK, Biisra BAKIOGLU, & Zeynep TEMIZ

and became aware of out-of-school environments (16) and different out-of-class
activities (10). Besides, they understood the importance of working together (14) and
the significance of doing activities with the group (9). Finally, under the main theme of
Imagination, teachers stated that they became more aware of the skills of creativity (10),
designing by imagination (10), and multidimensional thinking (5). T4 said, “I realized
what STEM is, especially with the science camp.” T17 added, “I realized how important
it is to have the imagination to make design.” T20 said, “I became aware of out-0f-
school environments during the science camp.”

Participating teachers came from all over the country. Although their outdoor
environments, facilities, and opportunities in their hometown would be different, they
basically experienced and learned how to integrate STEM and 21%-century skills in an
out-of-school environment. Out-of-school experiences, especially the mentioned
subject, are not common in Turkey. Therefore, teachers emphasized that the knowledge
and skills that they gained through the science camp would enrich their students
learning.

Discussion

In recent years, it has been accepted that the STEM approach has a positive
effect on the development of individuals’ scientific process skills in activities such as
nature education, science festivals, and science schools. The STEM approach also has a
positive effect on students’ perspectives on science, the nature of science, and their
attitudes towards science and science laboratory courses (Balim et al., 2013; Celik,
2012; Cevik & Abdioglu, 2018; Markowitz, 2004). This current study aims to identify
the effective use of out-of-school environments for STEM education.

The findings of this study are consistent with previous findings that out-of-
school STEM activities increase teachers’ STEM awareness. Teachers’ STEM
awareness is statistically significant in favour of the “effect on students” sub-dimension.
Yet, this difference was not significant in the course and teachers’ sub-dimensions.
Within the scope of the research, it can be concluded that the activities carried out
significantly increased teachers’ STEM awareness. Quantitative findings were
supported by qualitative results that teachers reported that their STEM awareness
particularly increased in students, lessons, and teaching content (Aslan-Tutak et al.,
2017; Karisan et al., 2019). The effect of STEM activities carried out in OSLE may be
higher as OSLE provides enthusiasm for learning, hands-on experiences, richness of
stimulus, and a real-world context (Akaygiin et al., 2015).

After attending the STEM activities in OSLE, the 21st-century skills of the
participating teachers increased, and this was observed more in the Entrepreneurship
and Innovation Skills and Critical Thinking and Problem-Solving Skills sub-
dimensions. No significant difference was found in Critical Thinking and Problem-
Solving Skills, Social Responsibility and Leadership Skills, and Career Consciousness
sub-dimensions. These findings are also supported by the findings of the qualitative
aspect of study. Teachers reported that they became more enthusiastic about solving
problems and interested in developing solutions to make life easier. They also stated
that they approached people with different personalities more positively, did not avoid
solving the difficult problems they encountered, and did not accept the information they
learned as it was but accepted it after evaluating it with a critical approach. These

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 57-79



The Effects of Out-of-School Learning Environments... 73

findings support the hypothesis of the study as the STEM approach provides
interdisciplinary integration and contributes to the development of individuals’
innovative problem-solving skills (Roberts, 2012; Schnittka, et al., 2010; Sahin, et al.,
2014). Studies have revealed that STEM education helps teachers improve their 21st-
century skills (Cunningham & Kelly, 2017; Sullivan, 2008). This study is also
consistent with the literature in this aspect since participating teachers contribute to
21st-century skills as they are involved in hands-on activities in OSLE, which offer
more stimulus, materials, and phenomena than they can see inside the classroom.
Therefore, teachers also reported that they sometimes faced some difficulties during the
STEM activities. They stated that they were limited by factors such as lack of internet
and some infrastructure deficiencies. Similarly, Thomas (2010), Koosimile (2004),
Oriaon et al. (1997), and Tatar and Bagriyanik (2012) also reported that teachers face
similar challenges in out-of-school settings.

Qualitative findings of the study revealed that participating teachers mostly
benefited from the historic site, science centre, and museum. Also, their use of
technology, discovery of different programs, creativity, integration of different
disciplines, and hand skills improved during science camp. Science centers and
museums help individuals understand the nature of science by developing their
questioning skills (Kubat, 2018). Science education in science museums provides
permanent learning and supports classroom learning (Martin, 2004). Ruins, science
centres, and museums offer several interesting stimuli for STEM education; this is why
teachers stated that they included these out-of-school environments. They used
technology more on these sites as they made several measurements with different tools
and applied their measurement to both virtual and hands-on designs.

Teachers asserted that the science camp contributed to the themes of being more
beneficial to the students in the context of professional competence, professional
development, and teaching. Under the main theme of raising students, teachers believe
that their acquisitions, such as using technology, doing different activities, incorporating
diversity of out-of-school environments, and using the STEM approach, will contribute
to educating their students. Under the theme of professional development, they stated
that their use of technology, discovering different programs, current issues, imagination,
and hand skills improve professionally. Under the lesson theme, they stated that the
acquisitions, such as the use of technology, using different materials, enriching the
content, using different approaches, and preparing a lesson plan, will contribute
positively to the teaching they give in their schools. The findings support Bakirc1 and
Kutlu’s (2018) findings that the STEM approach will increase students’ interest and
motivation towards the lesson, enable them to think multi-dimensionally, develop their
research-inquiry and creativity skills, design products suitable for the problem situation,
learn by embodying the subjects, and develop their scientific process skKills.

The teachers reported they were influenced by STEM disciplines in descending
order: technology, engineering, science, and mathematics. Teachers are believed to be
significantly influenced by technological tools and engineering, as they see
technological tools (laser meter, muscle measuring device, wireless projection, etc.) that
they have never seen before in these environments and make designs like an engineer
inspired by these tools. Moreover, compared to other disciplines, technology, and
engineering are more popular in media; thus, teachers might be more focused on these
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disciplines. Similarly, as stated in the literature (Sungur Giil & Marulcu, 2014; Wang
2012), the use of technological tools and equipment by teachers motivates them more to
STEM activities, especially in engineering fields.

Teachers’ awareness increased in four main areas during the science camp.
Teachers stated that they comprehend STEM better, bring disciplines together, and learn
a design-based approach under the STEM themes. They also became aware of the out-
of-school environments and different out-of-class activities. Besides, they understood
the importance of working together and doing activities with the group. Finally, under
the main theme of Imagination, teachers stated that they became more aware of the
skills of creativity, designing by imagination, and multidimensional thinking. Teachers
comprehend how to do STEM activities in out-of-school environments while they come
together to design and create a product as a group. It is emphasized that critical
thinking, problem-solving skills, being creative, and working collaboratively are among
the 21st century skills (Akgiindiiz et al. 2015).

STEM education in OSLE enables people to take responsibility through
teamwork, experience communication with colleagues, and observe how science works
by doing their own experiments (The Parliamentary Office of Science and Technology
[POST], 2011). To sum up, both quantitative and qualitative findings of the research
revealed that STEM was an ambiguous concept for teachers before they attended the
project. With the help of the theoretical and practical activities during the project,
teachers gained a thorough understanding of the STEM approach. Consequently,
teachers’ STEM awareness and 21st-century skills improved.

Conclusion

Participating teachers’ knowledge, experiences, and skills in applying STEM
and 21st-century skills in out-of-school environments seemed to be limited due to the
lack of sufficient pre-service and in-service training regardless of their major.
Therefore, such training should be improved in order to provide better experiences for
middle school students. One way to improve middle school teachers’ out-of-school
environment practices concentrated on STEM and 21st Century Skills would be to
provide them with hands-on activities, such as those presented in this study. Activity
books, online activity pools, and more science camps enable teachers to use out-of-
school environments more effectively.

Implications

STEM activities in OSLE increase people’s awareness of STEM and 21st-
century skills. Therefore, it is recommended that educators organize more STEM
activities in these environments. Enriched activities should be planned so that people
can benefit more from STEM activities in OSLE. STEM activities that take place in
OSLE should be carried out collaboratively as much as possible. It is observed in this
study that teachers were not aware of the usefulness of ruins, museums, and youth
centres, which are readily available in all the cities in Turkey.
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ABSTRACT: With the intent of facilitating the professional development of English-as-a-foreign language (EFL)
teacher trainees, the impetus of this qualitative study is to evaluate the depth and breadth of teacher reflection using
vignettes within an initial teacher education program. To this end, this study utilized the vignette technique to reveal
12 EFL teacher trainees’ reflectivity from a collegial perspective. Over a nine-week time period, the participants
worked in pairs, and each pair first created vignettes based on their observations or teachings in practicum.
Afterwards, they generated reflective responses to the pre-designed questions, which led them to think about the
problematic or critical issues raised in the vignettes of their pairs. At the end of the process, a total of 108 vignettes
were gathered. The whole qualitative data was exposed to the analysis in light of the two-dimensional framework of
Fund et al. (2002), which focuses on bhoth the depth and breadth of teacher reflection. Results indicate that the
vignette-based reflections showed more balanced variety in breadth, whereas they did not contain a great number of
comments made at deeper levels of reflection. Therefore, it is recommended that all the stakeholders should take
more active roles to foster reflectivity and criticality toward educational matters raised in the vignettes.

Keywords: Reflection, vignette, teacher trainees, practicum, teacher education.

OZ: Ingilizce 6gretmen adaylarimn mesleki gelisimine katki saglamak amaciyla tasarlanan bu nitel calismada bir
Ogretmen egitimi programi kapsaminda 6gretmen adaylariin yansitic fikirlerinin derinligi ve genisligi vinyet teknigi
ile degerlendirilmistir. Bu amagla 12 Ingilizce 6gretmen adaymin meslektas dayanismasi baglaminda yansiticiligim
ortaya ¢ikarmak i¢in vinyet teknigi kullanilmistir. Dokuz hafta boyunca katilimeilar ¢iftler halinde ¢alismus olup her
bir ¢ift ilk olarak stajdaki gozlemleri veya 6gretimleri ile alakali vinyetler olusturmustur. Daha sonra, her bir katilimel
¢ift olarak calistigi katitlmcimin olusturmus oldugu vinyetlerde ortaya ¢ikan sorunlu veya kritik konular {izerinde
diistinmelerini saglayan 6nceden belirlenmis sorulara yansitict yanitlar iiretmislerdir. Bu siire¢ sonunda toplam 108
adet vinyet elde edilmistir. Tim nitel veriler, Fund ve digerlerinin (2002) 6gretmen yansitmasinin hem derinligine
hem de genisligine odaklanan iki boyutlu gercevesi kullanilarak analiz edilmistir. Sonuglar, vinyet tabanl
yansitmalarin genislik boyutunda daha dengeli bir cesitlilik gosterdigini, buna karsin daha derin yansitma
diizeylerinde yapilan ¢ok sayida yorumu icermedigini gostermektedir. Bu nedenle, tiim paydaslarin vinyetlerde dile
getirilen egitim konularina yonelik yansitma ve elestirelligi tesvik etmek adina daha aktif roller almalar1 6nerilmistir.
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The theory and practice dilemma in teacher education has been discussed for a
couple of decades. In order to eliminate the negative consequences of such a dilemma,
teachers can be engaged in reflective practices in which they look at educational issues
through critical lenses. It is vital for teacher training programs to offer reflective
practices so that the gap between theory and practice can be minimized (Ibrahim-Didi,
2015). Indeed, not only the gap between theory and practice but also the complexity of
teaching requires teachers to question their practices with the ultimate intent of
promoting professional development as well as student performance. Thus, reflective
practices should be at the forefront since it is only possible to benefit from the process
of continuous learning with reflection. Therefore, it is highly crucial to incorporate
reflective practices into both pre-service and in-service teacher training programs. The
key rationale behind the integration of reflective practices throughout a teacher’s career
is that experience alone may not necessarily lead to learning; purposeful reflection on
specific experience is a must (Mathew et al., 2017). A reflective teacher is the one who
not only looks back on previous actions and events but also examines emotions,
experiences, actions, and responses from a reflective stance. Relatedly, within the scope
of this paper, reflection is regarded as a flashback that teachers need to mediate for their
improvement (Mathew et al., 2017).

Reflective practice is defined as an activity that involves continuous examination
of one’s own experiences in practicing theory under the guidance of professionals
(Schon, 1983). In teacher education contexts, those professionals are teacher
educators/supervisors and mentors. With the guidance of these professionals, teachers
and teacher trainees have the chance to analyze their feelings, evaluations, practices,
experiences, and so forth (Gibbs, 1988). Further, reflective practice is linked to lifelong
learning, which leads to the development of autonomous, qualified, and self-directed
teachers who have a good level of expertise in the teaching profession (Jasper, 2003).
More importantly, reflective teachers should be able to move beyond the basic concern
of how-to questions about instructional methodologies; instead, they should ask what
and why questions about instructions and managerial techniques as a part of a broader
educational end (Bartlett, 1990). Asking what/why questions is essential because such
awareness helps teachers manage their teaching effectively, resulting in the emergence
of autonomous teachers. From Dewey’s (1933) point of view, reflection is a cyclical
and iterative process in which one deals with solving problems. In this process, teachers
become more aware of their experiences and apply professional knowledge to these
experiences (Zeichner & Liston, 2013). Osterman and Kottkamp (2015) highlight the
dialogic nature of reflective practice in which teachers can move back and forth among
past, present, and future events by generating various perspectives on the same practices
or observations. To add more, this dialogic travel can be accepted as a form of self-
evaluation which flourishes the production of new opinions and learning/teaching
modes (Boud, 2001; Moon, 2004). Apart from these reflective self-evaluations, peer
sharing and observations are mostly preferred by teachers owing to their time-saving
nature in a busy school schedule (Kharlay et al., 2022). Particularly for foreign language
teaching, EFL teacher trainees are found to believe in the power of reflection for their
professional development (Turhan & Kirkgdz, 2018), and there are certain slight
changes in their views toward language teaching as a result of reflection (Turhan &
Kirkgoz, 2023). Yet, EFL teacher trainees could not reflect at a higher level of
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criticality in time as they took part in systematic and regular reflective practices (Turhan
& Kirkgoz, 2018, 2023).

Being a significant element of initial teacher training programs, reflective
practice could be utilized as a way to renew teacher trainees’ teachings and realizations
of the impacts of their teaching (Jacobs et al., 2011), especially when they evaluate
whether their teaching is sound and opens doors for fruitful learning. Akbari (2007)
supports this statement by suggesting that reflective practice allows teachers to question
clichés learned in the first years of their career; hence, they become able to design and
implement more informed teaching practices. Especially for teacher trainees, it is
important to question the clichés so that they can later recognize multiple possibilities
that they can employ in their future classrooms. However, to accomplish this kind of
questioning, teachers need to have critical reflection skills that do not develop naturally
or by automatic occurrence for many of them (Yang, 2009). Moreover, despite all the
aforementioned positive ties between teaching and reflection, it is a fact that not every
reflective practice guarantees effective teaching (Boud & Walker, 2015). If the
objective is to create changes in teachers’ actions or thinking, we should question the
quality of reflection in order to make sure that reflection leads to adequate judgment in
teachers’ actions (Yilmaz & Akar, 2022). Likewise, Davis (2006) distinguishes between
productive and unproductive reflection. She considers reflection to be unproductive if it
fails to analyze teaching by backing claims with evidence, questioning assumptions, and
considering alternatives. In fact, evolving into a qualified reflective teacher is similar to
a skill development process. For this reason, learning reflective skills necessitates a
classroom designed as a kind of laboratory where teacher trainees can relate theory to
practice in the accompaniment of teacher educators. In those laboratories, the potential
reflective techniques are typically reflective diaries, collaborative learning, recording
lessons, peer observation, educators’ feedback, action research, reverse mentoring, and
so on. Unfortunately, the appropriateness and effectiveness of such instruments in
facilitating quality reflection is unclear (Ambler, 2012; Stecher et al., 2006). As an
alternative to those typical techniques, as in the current study, teacher educators can also
adapt the use of vignettes as a reflective tool during practicum. Using vignette-based
instruments is a more suitable way of obtaining important clues on the quality of
reflection (Jeffries & Maeder, 2011), and this notion shapes the main logic behind the
integration, examination, and assessment of vignettes in this study.

Vignettes are short, authentic stories that can be employed in differing formats,
such as written documents, videos, or even cartoons, all of which trigger thinking and
discussion (Henderson et al., 2016). Jeffries and Maeder (2011) define vignettes as a
sort of short story describing an identified problem. They additionally argue that
vignettes are useful because they are brief and easy to construct and administer, present
a well-designed stimulus for critical thinking, are valuable in dealing with sensitive
topics, and can be used with individuals and groups in both face-to-face and online
settings. They also list the four criteria for defining vignettes: (1) the story describes a
problem in a maximum of 200 words; (2) it simplifies a real-life/real event in a way that
any other individual can understand even though they do not have expertise in the field;
(3) its set of tasks/questions is connected to a scoring scheme; and (4) it is deliberately
incomplete so that multiple solutions to the story’s problem can be offered. As it is
clear, vignettes are, if used in the right way, reliable tools for rating what is learned.
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They can be utilized as a method for creating open-ended discussion sessions where
participants explore topics and share multiple views. Topics of vignettes might be
diverse, ranging from professional practices with a problem to excellence in teaching
(Jeffries & Maeder, 2011). Examining other definitions of vignettes in the literature, a
vignette is an effective written or visual stimulus to which participants are invited to
answer (Hughes & Huby, 2004). Vignettes are incomplete short stories used for
reflecting on real-life situations, and they gauge discussions in order to produce multiple
possible solutions to problems (Jeffries & Maeder, 2005). In Torres’s (2009) words,
vignettes depict specific cases involving problems with the intent of probing individuals
about the way they understand these. In other words, vignettes primarily illustrate
descriptive episodes associated with real incidents and are presented either in a written
or visual format (Skilling & Stylianides, 2020). Even though visual vignettes can
generate rich information (Bradbury-Jones et al., 2014) and produce more trustworthy
data (Torres, 2009), the written formats of vignettes can be advantageous since they
might include dialogic texts, comic annotations, or mathematical representations
(Friesen & Kuntze, 2016, 2018) at the same time.

Vignettes have been used for various research purposes (e.g., Bradbury-Jones et
al., 2014; McGarr & Gallchoir, 2020; Skilling & Stylianides, 2020; Tasar, 2006; Torres,
2009; Volkmann, 2000). To exemplify, they are found to protect research participants
by offering chances to take the role of another person (Bradbury-Jones et al., 2014), and
thus, they can provide more reliable data about sensitive issues. Similarly, asking
teacher trainees about educational policies might prevent them from sincerely putting
their views into words. Considering this, McGarr and Gallchoir (2020) create a realistic
context through the use of vignettes, thanks to which they can elicit the teacher trainees’
justifications about the policies of technology integration into education. Beyond these,
Torres (2009) claims that vignettes help one interpret value-laden conceptions. As one
of the value-laden conceptions, teacher beliefs can be investigated through the use of
purposefully constructed vignettes (Skilling & Stylianides, 2020). Tasar (2006) claims
that teacher trainees’ scientific knowledge can be evaluated with carefully chosen
vignettes. Besides, Volkmann (2000) suggests that vignettes are helpful tools to create
an environment for teacher trainees to apply educational theory to their own teaching
experiences and observations. Similar to the procedure followed for the EFL teacher
trainees in this study, Wilkerson et al. (2018) apply a Vignette Activity Sequence in
which teacher trainees are first acquainted with a vignette, and second, they write
vignettes, unravel that it is a beneficial procedure to help trainees make critics on
effective teaching practices in the field of math. Some other studies employ vignettes
with in-service teachers and conclude that teachers could also benefit from vignettes for
professional development (Ambler, 2012; Angelides & Gibbs, 2006; Jeffries & Maeder,
2005). Depending on the above summary, the value of the present study is to encourage
teacher trainees to design their own vignettes and make the analyses collaboratively
rather than analyzing ready-made vignettes individually. Such a procedure makes
vignettes revolve around the real educational issues encountered and detected in
practicum. In parallel with this, the following research questions guide the study:

a) What are the depth and breadth of vignette-based reflections written by the EFL
teacher trainees?
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b) Does the depth and breadth of the EFL teacher trainees’ vignette-based
reflectivity develop as they progress throughout the practicum? If yes, how?

Method

From a qualitative standpoint, this study was conducted using the vignette
technique, which relates research to practice and results in transformative experiences
by practitioner-researchers (Nind & Pepin, 2009). The main rationale for the use of the
vignette technique is to better understand the participants’ interpretation of specific
situations in the light of their subjective views, especially in educational settings where
the interconnections among emotional, social, and cultural factors are strong (Stecher et
al., 2006). A written format of vignettes was preferred in the current study because they
provide more variety and details in relation to observed or experienced issues. For the
sake of ethical considerations, the necessary permission to conduct the study was
obtained from Hatay Mustafa Kemal University Social and Human Sciences Scientific
Research and Publication Ethics Committee with the 902-01-FR 006 document number
(07.04.2023).

Research Context and Participants

The research site of this study is a state university in the southern part of Turkey.
Within the faculty of education, the students studying in the English Language Teaching
(ELT) Program are under scrutiny. This program offers teacher trainees a four-year
undergraduate study. After students are enrolled in the program, depending on their
scores in the University Entrance Examination, they receive a language proficiency
exam, and if they successfully pass this exam, they start the ELT department as
freshmen. If they fail the exam, they have to take part in the preparation class for one
academic year, and they receive a language proficiency exam at the end of the
preparation class so that they can start their first year of study in the department. The
current teacher education curriculum implemented in the department includes both
theoretical and practical courses; in the first three years, theoretical courses such as ELT
Approaches, Language Acquisition, Teaching Language Skills, Teaching English to
Young Learners and English Literature are dominant. In the last year of study, the
Teaching Practice course gives teacher trainees chances to make teaching practices in
real English classes at practicum schools for two semesters. The current study was
carried out in the scope of this Teaching Practice course, and a total of 12 EFL teacher
trainees (four females and eight males) attended the practicum schools, which were
determined by the Ministry of National Education during the spring semester of the
2022-2023 academic years. They attended either a secondary or a high school for six
class hours (240 minutes) a week. Both of the practicum schools were located in the city
center and can be regarded as advantageous schools in terms of educational facilities at
the time of the study. The participants were between the ages of 22-23 and had neither
previous teaching experiences, apart from the micro-teaching sessions in the third year
of study at university, nor reflective practice experiences.

Procedures

The research procedure was organized in parallel with the steps followed in the
Teaching Practice course on a weekly basis. However, the way of teaching was
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organized and applied differently from its traditional way of teaching, which includes
teacher trainees’ individual work evaluated weekly by mentors and supervisors in light
of an official observation checklist. Instead, during this study, 12 EFL teacher trainees
worked in pairs; namely, six pairs were always in an attempt to provide collegial
support to one another during practicum. In the first week, the participants received an
introductory session to the Teaching Practice course and its core requirements. In the
second and third weeks, they were informed about the content and the method that
would be utilized during the course. More specifically, they collaborated with the
supervisor with the intent of developing a vignette-based instrument (see details in the
subsection of data collection instrument) to be employed for reflective purposes. In the
remaining nine weeks, they followed the steps illustrated in Figure 1.

Figure 1
The Steps Taken During the Teaching Practice Course for Nine Weeks

Observe teachand
wirite avignetts

Read and analyze the
vignette of one's pair

Come togetherwith the
pair and supgrvisarfor
zvalugtion

As evident in Figure 1, the first task of the participants was to carry out
observations and practice teaching at practicum schools by paying attention to their
mentors’ comments and advice. Afterwards, they were required to write a vignette that
presented a critical or problematic issue encountered during the practicum day each
week. Their second task was to share the vignettes with the pairs so that the pairs could
analyze the issue/s raised in the vignette through critical and reflective lenses. Lastly,
their third task was to be involved in an evaluation session with the pairs and the
supervisor. In those evaluation sessions, the objective was to look back on what
happened that week and share ideas about the knowledge gained with the help of the
vignette writing process, followed by vignette-based reflections. As understood from
Figure 1, the procedure was a cumulative knowledge-shaping process, and each week’s
learning outcomes were an opportunity to gain a broader and deeper understanding of
the upcoming week’s outcomes.

Data Collection Instrument

The vignette-based instruments are normally generated or adapted by the teacher
educators or instructors (Jeffries & Maeder, 2011) and are not prepared by teacher
trainees or students themselves. Yet, in this study, teacher trainees were asked to
prepare their own vignettes based on their observations and experiences during
practicum. This could be accepted as an innovative approach in that sense since EFL
teacher trainees took two roles as both vignette generators and vignette analyzers. As
clarified in the previous subsection, after the introductory week, the instrument

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 80-99



86 Burcu TURHAN

generation was finalized in two weeks. The flow of the instrument generation process is
demonstrated in Figure 2.

Figure 2
The Generation Process of the Vignette-based Instrument
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Based on Figure 2, the details concerning the collaborative generation process of
the vignette-based instrument are as follows:

Week 1: At the beginning of the term, the teacher trainees became familiar with
the different definitions and samples of vignettes from different teacher
education fields. Additionally, how vignettes are used as a professional teacher
development activity was discussed. It was also decided that vignettes would be
mainly written, but it was possible for the participants to add quotes, cartoons, or
images into their vignettes so as to enrich the meaning they wanted to convey.

Week 2: In a brainstorming session, the teacher trainees and their supervisor,
who was also the researcher, reached a consensus on the possible observation
topics, some of which were teaching context, school facilities, the existing
curriculum, dominant teaching methods, student characteristics, subject matter,
organization of a typical English lesson, lesson delivery, materials, building
rapport, classroom management, feedback, assessment, physical aspects of the
classroom, the role of teacher trainees, teacher identity, and expectations from
teacher trainees.

Week 3: The supervisor shared information about the varying reflection levels in
terms of depth and breadth, the nature of reflective questions, and how to
produce reflective responses to the issues or problems raised in the vignettes. To
achieve this, the supervisor presented sample responses to reflective questions
prepared for an example vignette for the participants. Following this, the
participants prepared these questions for their own vignettes: (a) What are the
issues or problems raised in the vignette? Why do you think so?, (b) What would
you do in a similar case as a teacher? How would you cope with the issues or
problems?, (¢) How do you feel about the issues or problems raised in this
vignette? Besides, the supervisor provided more focused reflective questions
during the process: (a) Would you personally be in favor of your pair’s way of
dealing with the problem?, (b) Could you suggest a different rationale for your
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argument?, (c) Should teachers take a similar stance with you?, (d) Did you
experience or observe this situation in your own teaching as well?, (e) Could you
find any ties between this situation and what you have learnt in the methodology
courses at university?

Data Analysis Framework

In evaluating teacher reflection, the usual way is to resort to a hierarchical
typology that starts from a low level of reflection (e.g., making technical and descriptive
comments) and moves towards a higher level (e.g., considering moral and ethical
rationales). To exemplify, Jay and Johnson (2002) regard reflection as a decision-
making process composed of three core stages, which are description, comparison, and
criticism. Later, Larrivee (2008) suggests the categories of pre-reflection, surface
reflection, pedagogical reflection, and critical reflection for scrutinizing teacher
reflection. In addition, Kayapinar and Erkus (2009) refer to three dimensions of
reflection, ranging from being non-reflective and reflective to being critically reflective.
The danger in such typologies is reducing teacher reflection to one dimension,
considering a set of rigid and pre-packaged categories or stages. To eliminate such a
danger, in this study, a two-dimensional framework designed to evaluate written
reflective tasks in teacher training courses (Fund et al., 2002) was utilized. This
framework’s first dimension is related to the breadth of reflection, and the second
dimension is for exploring the depth of reflection. For the breath of reflection, there are
three cells (subject-matter content, didactic content, and personal content) in it. Subject-
matter content is linked to what question and the educational issues debated in the
vignette. Didactic content deals with how-to questions, strategies and methods to teach
or learn the content. Personal content reveals one’s views toward themselves (the 1) as a
teacher. Moreover, for the depth of reflection, there are four cells (description, personal
opinion, linking, and critical bridging) in the framework. Description level requires one
to describe the event or case without any further comment or evaluation. Personal
opinion level is associated with one’s own non-theoretical stance rather than attaching
importance to evidence from the relevant literature. Linking concerns the bonds between
educational issues and previous knowledge or literature without any further elaboration.
Critical bridging necessitates one to deliberately discuss and find possible alternative
opinions from the literature, as well as to decide how to take action in the future. In light
of this framework, the analyses were conducted twice by the researcher so as to ensure
intra-rater reliability and member check was achieved through telephone calls. For each
cell in the framework, sample evidence from the collected data is outlined in the
Appendix.

Results

The Depth and Breadth of EFL Teacher Trainees’ Vignette-Based
Reflections

Vignette-based reflections were scrutinized in a way that the reflectivity of the
EFL teacher trainees throughout the practicum was explored with regard to the depth
and breadth dimensions, as illustrated in the following graphs.
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Figure 3
The Overall Depth of Reflections
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As it is clear in Figure 3, in terms of the depth dimension, the participants tended
to write reflections on both their own vignettes and responses to their pairs’ vignettes at
the level of either description or personal opinion most of the time. This shows that their
reflection tendency mostly led them to describe or share personal concerns about what
was happening in the teaching/learning environment. As for the other levels, it is
obvious that the participants almost never resorted to critical bridging in their
reflections, whereas they reflected at the level of linking a few times. That is, it is
unlikely to assert that the participants were able to exhibit deep reflective thinking
skills. This is an indication of their unawareness or inability to reflect on educational
issues encountered in practicum through a comprehensive analysis of reasons,
rationales, and alternatives or building associative ties to previous scientific knowledge.
Further, regarding the breadth dimension, Figure 4 shows that the employment of
different reflection levels indicated a more balanced distribution contrary to the depth
dimension. In other words, the participants wrote about didactic issues the most, yet
they paid attention to subject matter and personal issues to a certain extent as well. To
compare, it is evident that the participants’ focus on themselves as a human, a student,
or a teacher did not seem to be as dominant as their focus on what and how lessons are
taught in their reflections.
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The Reflectivity Flow of EFL Teacher Trainees throughout the Practicum

In order to unravel whether the vignette-based reflectivity of the participants
develops as they practiced teaching during the practicum, the obtained data were
examined on a weekly basis, considering the depth and breadth dimensions of
reflection. The results are presented for each reflection level included in the depth
dimension, one of which is demonstrated in Figure 5.

Figure 5
The Reflectivity of the Participants for the Description Level on a Weekly Basis
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The process

Based on Figure 5, the participants were inclined to describe the issues in
relation to subject-matter content more frequently, beginning from week 3 to the end of
the process. In the first five weeks, they generally reflected on the didactic content;
however, reflections on the subject matter and personal content seem to be much more
dominant in their vignettes toward the end of the process. Interestingly, the density of
descriptive reflection on the subject matter and didactic content fluctuates in opposite
directions. Namely, the references to didactic content decrease as the references to
subject-matter content increase or vice versa. Yet, the density of personal content
appears to be more balanced in the reflections throughout the nine-week period, even
though the participants did not draw attention to personal issues as much as they did for
the didactic and subject-matter issues on the whole. The below excerpts exemplify the
descriptions of subject matter, didactic, and personal content consecutively.

“With 6" graders, | conducted an activity related to the unit of At the Fair. [The trainee
explains that they listen to a song and complete the missing words in the lyrics of the song.]

Then, | continued with a vocabulary quiz to check whether students could comprehend
concepts about being in a fair.” (Week 9, P5)

“The teacher struggled for 10 minutes to ensure silence in the classroom. For some reason, all
the students were very active today. Later, the teacher listened to the complaints and desires of
the children who raised their hands.” (Week 3, P4)

“It is very sad to observe that students are reluctant and do not bring the necessary materials to
the class. Unfortunately, such setbacks demotivate me as a future teacher.” (Week 7, P2)

In accordance with the level of personal opinion, Figure 6 represents to what

extent the participants reflected on the subject matter, didactic, and personal content in
light of their current intuitions, feelings, or insights during the whole process.
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Figure 6

The Reflectivity of the Participants for the Personal Opinion Level on a Weekly
Basis
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Figure 6 clearly shows that the participants’ reflections at the level of personal
opinion are densely full of their references to didactic content that they observed or
taught in practicum. In fact, the density of didactic content seems to be less between
weeks 3 and 8. This is most probably because of their tendency to write about subject
matter or personal issues during this time period. It should also be noted that the
participants did not share their personal views or comments about subject-matter
content at the beginning and at the end of the process. Besides, they reflected on
personal issues at the level of personal opinion more or less throughout all weeks, even
if this type of reflectivity did not dominate all of their reflections. The related examples
of personal opinions on subject matter, didactic, and personal content are presented
respectively in the excerpts below.

“This week, the teacher used an extra activity related to the unit of Hobbies. It seemed really
enjoyable at first, but | realized that most students were unfamiliar with the content of the
activity. This made things complicated for them.” (Week 6, P8)

“| think that children should be approached considering their ages. By doing so, we can reach
better learning outcomes because children need interest, care, and concern.” (Week 1, P12)

“It was annoying to witness that students had a communication problem, in fact, a
misunderstanding. At first, | had no idea about how to react, and for this reason | did want to be
a part of this. Later, | thought | should intervene in the situation because students see us as a
guide who leads them to the right road.” (Week 6, P5)

Following this, a different type of fluctuation is revealed for the level of linking,
as pictured in Figure 7.

Figure 7
The Reflectivity of the Participants for the Linking Level on a Weekly Basis
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Depending on Figure 7, it is possible to state that the participants never resorted
to the level of linking when they reflected on personal issues, which means they did not
have an explicit awareness of the linking and connecting processes they were going
through. However, they were involved in reflections which were concentrating on
didactic and subject-matter issues. That is to say, they were capable of creating
connections between what and how lessons are taught and prior knowledge acquired
from the relevant literature or teacher training courses. It is also understood from Figure
7 that the participants could suggest possible reasons for didactic issues in light of
previously learned concepts or theories more frequently than they could for subject-
matter issues. The following excerpts present examples from the data for reflections on
only subject matter and didactic content at the level of linking, respectively, since there
is no reference to reflections on personal content at the level of linking.

“Teaching unmotivated students may be both tedious and difficult for teachers. | think as
teachers, we have lots of opportunities to make sure our students have positive attitudes toward

English. We can achieve this through the integration of English cartoons into our lessons so
that students can gain cultural awareness. This is like culture-focused teaching.” (Week 4, P3)

“l would try to choose activities that would not create excessive competition in the classroom
but rather strengthen the unity and relations of the students. The reason behind this is all about
the social nature of language learning, which is also highlighted by socio-constructivist
teaching techniques.” (Week 3, P10)
As for the last level of reflection for the depth dimension, Figure 8 summarizes
the extent to which the participants reflected at the level of critical bridging.

Figure 8

The Reflectivity of the Participants for the Critical Bridging Level on a Weekly
Basis
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Figure 8 is an indication of the very rare employment of critical bridging by the
participants in their vignette-based reflections. To be more precise, the participants
reflected on subject-matter content at the level of critical bridging toward the end of the
practicum process. Personal and didactic issues were not touched upon in this level of
reflectivity even once. Overall, it should be emphasized that the participants were
unaware of the fact that they could pose considerations, make judgments about the way
of teaching, or critically analyze themselves in order to be more reflective teachers.
Maybe they were just unable to do that. The only example of this level is evident in the
below excerpt.
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“We have to use the mother tongue when teaching a foreign language to students at this age
because cognitively immature students need to be exposed to content in their mother tongue
[The teacher trainee suggests his own way of content design combining contents in the mother
tongue and in English] Thus, students can connect previous and new concepts in their minds in
a more structured and memorable way.” (Week 6, P11)

Discussion and Conclusions

With the purpose of understanding the nature of EFL teacher trainees’
reflections via the vignette technique, this study reveals how the breadth and depth of
teacher reflection develop throughout a certain period of time. Based on the results, a
great deal of the participants’ reflections was found to be at the description and personal
opinion levels despite the supervisor’s weekly support of how to reflect at deeper levels.
Namely, the analyses of the depth dimension showed that the participants did not reflect
at deeper levels, which require one to generalize, give reasons, analyze from critical
perspectives, and so forth. Identical findings in relation to the dominance of descriptive
shallow comments in the EFL teacher trainees’ reflections were reached in the studies
of Turhan and Kirkgéz (2018, 2023). In terms of breadth, it is obvious that the
participants could focus on multiple topics ranging from subject-matter content to
didactic and personal content in their vignette-based reflections. Among these different
content types, the least frequent references in the overall reflections were observed in
personal content. This might be interesting and unexpected because the main aim of
integrating a vignette-based reflection process into the practicum was to equip the
participants with knowledge and awareness of oneself as a future teacher. Rather than
this, the participants concentrated more on didactic content in their reflections, which
pinpoints the fact that the way of teaching or learning drew much attention and needed
to be analyzed more frequently. In fact, this could be a hopeful finding because
reflection enhances informed teaching practices (Akbari, 2007) and is a road for
renewing teaching as well as raising awareness toward the impacts of teaching (Jacobs
et al.,, 2011). Additionally, the flow of reflectivity during practicum did not show a
specific or meaningful change. Normally, it is expected that the participants become
more reflective toward the end of the practicum process as they reflect more and more
in time. However, in this study, no systematic flow toward a more reflective or critical
stance was detected as a result of the vignette-based reflections. This is most probably
because they were not able to approach issues in a similar level of reflectivity, and the
content of issues may be a determinant for the reflective skills of the participants, who
were really novice and new to the teaching profession. Another reason might be that
they did not have any previous teaching and reflection experiences, which they could
use as a reference point for comparing and contrasting their prior conceptions with new
realizations. In other words, becoming more reflective may not be directly or solely
related to the participants’ involvement in reflection over longer time periods. As Yang
(2009) claims, critical reflection skills do not seem to be acquired naturally. Maybe the
best way is to deliver explicit instructions on how to become reflective practitioners.
This arises from the fact that reflective skills are crucial to bridge the gap between
theory and practice (Volkmann, 2000). Even so, it is valuable to be a part of such
vignette-based reflection processes in the sense of assessing the scientific knowledge of
teachers (Tasar, 2006) to ensure the quality of reflection (Jeffries & Maeder, 2011) and
building critical connections to effective teaching practices (Wilkerson et al., 2018). The

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 80-99



Collegial Practicum Journey of EFL Teacher Trainees... 93

reason behind incorporating any type of reflection is the desire to construct a quality
base for teacher action and thinking (Y1lmaz & Akar, 2022).

Suggestions

The main conclusions shed light on a few suggestions that could be beneficial
for the supervisors or teacher educators who aim to design a similar collegial practicum
process for teacher trainees, either in ELT or other teacher training programs. First, a
great number of explicit examples for deeper levels of reflection were provided by the
supervisor in the beginning weeks of this study, but the expected outcomes were not
obtained in terms of criticality and reflectivity. Therefore, it would be better for the
supervisors to be models of how to reflect more effectively with think-aloud protocols
in which they exemplify each level of reflection concretely. By doing so, they can
display how they direct and shape their thinking on diverse issues, especially for deeper
levels of reflection. To achieve this, supervisors should ensure that teacher trainees have
metacognitive thinking ability. Second, considering the breadth dimension, the results
show that the least frequent content that teacher trainees were interested in was personal
content, even though they mentioned personal issues at varying degrees throughout the
practicum. To increase opportunities for looking back and forth on personal issues,
supervisors could provide teacher trainees with guidance in relation to introspection
more often. Third, in order to make such a process more collegial, mentors could be
involved in vignette-based reflection processes since they are the models of teacher
trainees in the field. For instance, mentors could also prepare vignettes covering issues
observed around their own educational environments or lived teaching experiences in
their own classes. Afterwards, they could share their vignettes with teacher trainees in
regular face-to-face or online sessions organized for the critical analyses of vignettes in
a collaborative way. Even, as a way to maximize reflection quality and create a sense of
togetherness among colleagues, mentors can combine vignettes with such other self-
development tools as digital narrative storytelling (e.g., Craig, 2013), video self-
reflections (e.g., Arya & Christ, 2013; Calandra et al., 2014; Christ et al., 2012; Walshe
& Driver, 2019) and video reflections with peers (Arya et al., 2015; Christ et al., 2012;
Er6z-Tuga, 2013; Shanahan & Tochelli, 2014). All these tools have the potential to
develop a greater understanding of trainees’ strengths and weaknesses in a way that they
expand their pedagogical knowledge through solidarity and collaborative
professionalism. Thus, variety in the uses of reflective tools may trigger critical thinking
more effectively because each trainee will most probably be successful at reflecting
with different tools. Variety in this regard is also vital for boosting motivation and
autonomy toward reflective practices by giving trainees chances to make their own
choices among numerous reflection tools. More crucially, this could be an official
procedure guided by supervisors, applied by mentors, and supported by the Ministry of
National Education as an in-service professional development activity. This suggestion,
if put into practice, can yield fruitful outcomes since some other studies also find
vignette-based reflections beneficial for improving in-service teachers’ expertise (e.g.,
Ambler, 2012; Angelides & Gibbs, 2006; Jeffries & Maeder, 2005). To add more,
reflection is important for training qualified teachers, lifelong learning (Jasper, 2003),
and professional and pedagogical development of teachers. In this regard, collegial
support among teachers, trainees, supervisors, teacher educators, and mentors need to be
encouraged in a well-designed vignette-based reflection practice. All in all, purposeful

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 80-99



94 Burcu TURHAN

reflection on specific experiences is essential (Mathew et al., 2017), and to accomplish
this, vignette-based reflection may be incorporated into methodology courses offered in
teacher training programs before the practicum experience. A further study could adopt
a more collegial perspective and involve teacher trainees from different regions of
Turkey or from different countries in a way that they collaborate for the analyses of
their vignettes generated in different contexts through online platforms.

Limitations

This study is not without limitations. With its small-scale focus on vignette-
based reflections of EFL teacher trainees, this study includes participants working in
pairs, totaling 12 in number. To make the study more comprehensive, it would be sound
to encourage all the senior students in the aforementioned ELT department to participate
in the study so that the case of senior EFL teacher trainees at a state university could be
investigated through the vignette technique utilized as a tool to explore content and
criticality of reflection. With the use of vignettes, the participants searched for
educational issues that were appropriate to be presented in a story-like format. However,
this might cause them to miss or ignore other problematic issues that they believe were
impossible or difficult to present in a story-like format. Hence, with the collaboration of
trainees and supervisors, mentors might be informed about the details of the vignette-
based reflection beforehand if they are not knowledgeable enough. This is because
trainees could write better vignettes with the support of mentors. Last but not least, the
sole data collection instrument used in this study was vignette-based reflections. Yet, it
could be combined with other data collection instruments such as open-ended
questionnaires or focus-group interviews. Thus, the views of all the parties about the
process could be examined.
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Appendix

Cell 1: Subject Matter-Description: “The teacher started today’s lesson with the subject
of Kitchen Tools in the 5/H class.” (Week 1, P7)

Cell 2: Didactic-Description: “I benefited from some tactics that | learned from
humanistic teaching approaches like Suggestopedia in order to calm students
down.” (Week 4, P8)

Cell 3: Personal-Description: “I felt frustrated and helpless because students never
listened to me.” (Week 7, P9)

Cell 4: Subject Matter-Personal Opinion: “The topic was games and hobbies. He
presented concepts such as like, dislike, enjoy, love, hate and so on. However, |
think he should have used images.” (Week 4, P4)

Cell 5: Didactic-Personal Opinion: “The teacher was teaching Directions in the 3-D
class, and for that topic today, she brought a real map to the classrooms. After
working on this map, the teacher conducted an interactive activity through the
smartboard on which she showed a map again. | realized that the map on the
smartboard attracted the attention of students more.” (Week 1, P1)

Cell 6: Personal (Content)-Personal Opinion: “But at least now I know how I should not
behave in a young learner classroom. Trying to be the only authority did not
work as | expected.” (Week 8, P6)

Cell 7: Subject Matter-Linking: “The lack of sufficient physical space and equipment
for role-play or storytelling activities was a major problem for the teacher.
Unfortunately, there are regional inequalities in this regard in the country. We
discussed this last week after a micro-teaching session at university.” (Week 7,
P11)

Cell 8: Didactic-Linking: “There are many Syrian students in our practicum school.
Their existence is good for raising awareness of cultural richness in language
classes. Both Turkish and Syrian students can learn how to be respectful toward
cultural differences. On the other hand, this can create cultural conflicts among
students, which in turn can hinder effective teaching from time to time.” (Week
2, P3)

Cell 9: Personal (Content)-Linking: No example was detected in the data.

Cell 10: Subject Matter-Critical Bridging: “We have to use the mother tongue when
teaching a foreign language to students at this age because cognitively immature
students can need to be exposed to content in their mother tongue [The teacher
trainee suggests his own way of content design combining contents in the
mother tongue and in English] Thus, students can connect previous and new
concepts in their minds in a more structured and memorable way.” (Week 6,
P11)

Cell 11: Didactic-Critical Bridging: No example was detected in the data.

Cell 12: Personal (Content)-Critical Bridging: No example was detected in the data.
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ABSTRACT: This study examined pre-service science teachers’ pedagogical content knowledge (PCK) about
seasons. The framework of this study was based on the Refined Consensus Model (RCM), and pre-service teachers’
topic-specific PCK was also discussed in two dimensions: personal PCK (pPCK) and enacted PCK (ePCK), which
are included in this model. The pPCK of the pre-service teachers represents their declarative PCK, and their ePCK
represents their dynamic PCK. This qualitative descriptive research included 18 pre-service science teachers. In the
study, knowledge of pre-service teachers’ pPCK was collected in vignette-based individual semi-structured
interviews, and data on their competencies regarding their ePCK, which they revealed in a real classroom
environment, were collected through field observations and teaching video recordings. The study’s qualitative data
were evaluated using two separate rubrics developed by the author using the literature. Accordingly, it was
determined that the pre-service teachers who participated in the research had limited pPCK and ePCK on the seasons
and that their topic-specific pPCK was partially better quality than their topic-specific ePCK. Moreover, pre-service
teachers’ ePCK was observed to be different from their pPCK, but their ePCK was based on their pPCK. In this
context, it was seen that the results of this research are consistent with RCM.

Keywords: Pedagogical content knowledge (PCK), personal PCK, enacted PCK, teacher education.

OZ: Bu calismada fen bilimleri 6gretmen adaylarinin mevsimler konusuna iliskin Pedagojik Alan Bilgileri (PABlar1)
arastirilmustir. Bu ¢aligma rafine fikir birligi modeline dayanmaktadir ve 6gretmen adaylarinin konuya 6zgii PABlar1
bu modelin igerdigi Kisisel PAB ve uygulanan PAB olmak iizere iki sekilde ele alinmistir. Ogretmen adaylarinin
kisisel PABIar1 sahip oldugu PABa iliskin bilgilerini ve uygulanan PABIar1 ise simf ortaminda uygulanarak ortaya
konulan PABa iliskin yeterliklerini temsil etmektedir. Nitel betimsel metodun kullanildig: bu arastirmaya 18 fen
bilimleri 6gretmen aday: katilmistir. Arastirmada 6gretmen adaylarinin kigisel PABIlarina iligkin bilgileri vignetteye
dayal bireysel yari-yapilandirilmis miilakatlar kullanilarak ve gercek simf ortaminda uygulayarak ortaya koyduklar
PABIarina iliskin yeterlikleri de ders gozlemleri ve sinif i¢i ders video kayitlar kullanilarak toplanmistir. Arastirmada
elde edilen nitel veriler, literatiirden yararlanarak yazar tarafindan gelistirilen iki ayr rubrik kullanilarak analiz
edilmistir. Buna gore, aragtirmaya katilan 6gretmen adaylarinin mevsimler konusuna iliskin Kisisel ve uygulanan
PABIarinin sinirl oldugu ve konuya 6zgii kisisel PABlarinin konuya 6zgii uygulanan PABlarina gore kismen daha iyi
kalitede oldugu tespit edilmistir. Ayrica, 6gretmen adaylarinm gergek simif ortaminda uygulayarak ortaya koydugu
PABIarinin miilakatlarda bildirdigi kisisel PABlarindan farkl: oldugu, fakat uygulanan PABIlarinin kisisel PABlarina
da dayali oldugu belirlenmistir. Bu baglamda, bu arastirma sonuglarinin rafine fikir birligi modeli ile uyumlu oldugu
goriillmiistiir.

Anahtar kelimeler: Pedagojik alan bilgisi (PAB), kisisel PAB, uygulanan PAB, 6gretmen egitimi.
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In the literature on teacher education, it has been stated that content knowledge and
pedagogical knowledge should be addressed not separately or as competing elements but
as components that need to be integrated into teacher education programs to train more
qualified teachers or pre-service teachers (Shulman, 1986). In other words, it has been
stated that knowing the concepts and procedures related to any science topic very well is
not enough for a teacher to teach that topic effectively in the classroom environment
(Shulman, 1987). In this context, the concept of Pedagogical Content Knowledge (PCK)
has come into prominence as a type of knowledge that is formed by blending content
knowledge and pedagogical knowledge. PCK provides the basis of many studies on
teacher education in recent years (e.g., Carlson & Daehler, 2019; Gess-Newsome, 2015;
Kim, 2020; Mavhunga & Rollnick, 2013; Mazibe, 2020), and many science educators have
expressed PCK as an important factor that supports the performance of teachers who
improve over time and experience (Eames et al., 2011). Many studies have emphasized
that PCK is an important type of knowledge that teachers and pre-service teachers should
acquire (e.g., Chan & Hume, 2019; Magnusson et al., 1999; van Driel & Abell, 2010). In
these studies, it has also been stated that there is a need to measure and determine the
knowledge and skills of teachers and pre-service teachers to confirm whether the practices
carried out in teacher education programs and professional development activities are
effective (Chan et al., 2019; Coetzee et al., 2022). In this context, it is important to
examine pre-service teachers’ PCK and classroom teaching practices in terms of basic
needs in teacher education.

Different researchers have conceptualized PCK, which teachers should have, in
different ways (Mazibe et al., 2020), such as declarative PCK and procedural PCK
(Schmelzing et al., 2013), PCK-in-action and PCK-on-action (Park & Oliver, 2008), and
dynamic PCK (Alonzo & Kim, 2016). For example, in declarative PCK and PCK-on-
action, a teacher expresses conceptual knowledge of students’ misconceptions about a
science topic in sentences (Schmelzing et al., 2013). Procedural PCK, Dynamic PCK, and
PCK-in-action are the practical knowledge of a teacher on activities performed during the
lesson (Alonzo & Kim, 2016; Schmelzing et al., 2013). The reasons underlying the
conceptualization of PCK in such ways are to emphasize the understanding of the
relationship between teachers’ knowledge and teaching practices (Alonzo & Kim, 2016)
and the importance of how teachers translate their PCK into practice (Park & Suh, 2015).
Abell (2008) stated that “PCK is not merely the amount of knowledge in a number of
component categories, it is also about the quality of that knowledge and how it is put into
action” (p. 1410). In this context, the present study aimed to determine the personal PCK
(pPCK) that represents the pre-service science teachers’ declarative knowledge of a
science topic and the enacted PCK (ePCK) that they revealed in the classroom
environment. The theoretical framework of this study was based on the Refined Consensus
Model (RCM), which includes these two PCK forms (pPCK and ePCK) (Carlson &
Daehler, 2019), and detailed information on this model is presented in the section of the
theoretical framework.

Because PCK has been defined as a topic-specific and teacher-specific professional
knowledge form (Eames et al., 2011; Lee & Luft, 2008), it is predicted that each teacher
and/or pre-service teacher will have a different PCK in each topic (Aydin, 2012; Lankford,
2010; Lee & Luft, 2008). Therefore, in the literature, it has been recommended to conduct
studies on topic-specific PCK of teachers and/or pre-service teachers on different science
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topics (Abell, 2008; Mazibe, 2020; van Driel et al.,, 2002). Many researchers have
examined and emphasized the topic-specific PCK of science teachers and pre-service
teachers using different approaches. For instance, Lankford (2010) has examined PCK on
diffusion and osmosis; Mavhunga (2014) on chemical equilibrium; Kim (2020) on force
and motion; Mazibe et al. (2020) on graphs of motion; Henze et al. (2008) on models of
the solar system and the universe; Coetzee et al. (2022) on electromagnetism. Many PCK
studies have been conducted on chemistry, physics, and biology; however, the number of
studies examining pre-service teachers’ PCK on astronomy-oriented science topics (for
example, seasons), which is a separate learning area of the elementary school science
program, is quite limited. Nonetheless, it is important to evaluate the PCK of elementary
school science teachers and/or pre-service teachers on essential astronomy topics
encountered in daily life, such as seasons. In addition, it was emphasized in the literature
that learning and teaching this science topic is essential for many reasons, such as
misconceptions among students about this topic and the difficulties students face in
learning this topic (Sneider et al., 2011; Tsai & Chang, 2005). In this regard, it is thought
that the present study will contribute to the literature regarding pre-service science
teachers’ PCK on the topic of seasons.

Theoretical Framework

The concept of PCK was first proposed by Shulman (1986) (van Driel et al., 2002).
After Shulman (1986), many researchers have introduced various definitions for PCK and
its components (e.g., Gess-Newsome, 1999; Magnusson et al., 1999; Mavhunga &
Rollnick, 2013; Park & Oliver, 2008; Veal & MaKinster, 1999). For example, Veal and
MakKinster (1999) proposed a model, the General Taxonomy of PCK, for future studies on
teacher education. In this model, teachers’ knowledge is defined at three levels: general
(discipline-specific) PCK (e.g., science), domain-specific PCK (e.g., chemistry), and topic-
specific PCK (e.g., solubility) (p. 8). Magnusson et al. (1999) defined the concept of PCK
with a model of five components: “orientation to teaching science, knowledge of science
curricula, knowledge of students’ understanding of science, knowledge of instructional
strategies, and knowledge of assessment of scientific literacy” (p. 97). Magnusson et al.
(1999) explained the topic-specific PCK as (a) curricular knowledge of a specific science
topic, (b) knowledge of students’ prior knowledge and learning difficulties on a specific
science topic, (c) knowledge of instructional strategies and representations used in teaching
a specific science topic, and (d) knowledge of assessment strategies and tools used in
revealing students’ understanding of a specific science topic (Lankford, 2010). In the PCK
model of Magnusson et al. (1999), which has been cited the most, it has been stated that
“these four elements are universal in the sense that they appear in a variety of general
pedagogical models in literature and in teacher education materials” (Barendsen & Henze,
2019, p. 1143). In the present study, pre-service science teachers’ PCK on the topic of
seasons was examined through these components included in various PCK models in the
literature (e.g., Carlson & Daehler, 2019; Gess-Newsome, 2015; Magnusson et al., 1999).

In the last ten years, new models of PCK and its components have been proposed,
and many international researchers have organized various PCK summits. In the first PAB
summit held in 2012, Gess-Newsome (2015) introduced the Teacher Professional
Knowledge and Skill (TPK&S) model with the participants’ contributions. This consensus
PCK model describes “the overarching role of teacher professional knowledge” (Gess-
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Newsome, 2015, p. 30). In the second PCK summit held in 2016, a group of international
researchers gathered to examine the differences between different conceptualizations of
PCK and review the literature studies on science teachers’ PCK (Kim, 2020). As a result of
this summit, the Refined Consensus Model (RCM) was revealed (Carlson & Daehler,
2019, p. 83). This latest model recognizes teachers’ professional knowledge bases more
extensively compared to the TPK&S model and clearly states that subject matter
knowledge plays an essential role in teaching (Mazibe, 2020).

Figure 1
Different Components of PCK in the RCM

|
Collective PCK (cPCK) Personal PCK (pPCK) | Enacted PCK (ePCK)
discipline specific e discipline specific | » discipline specific
topic specific '(-)' ¢ lopic specific (" e . 9 ocil ‘
0P 5P .
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Shared and accepted by the ndvaually bocated ‘
community/ pubic

Note. (Mavhunga, 2019, p. 131)

Figure 1 presents the multi-dimensional nature of PCK in the RCM (Coetzee et al.,
2022). Accordingly, three different realms of PCK have been proposed in the RCM:
collective PCK (cPCK), personal PCK (pPCK), and enacted PCK (ePCK). The cPCK is “a
specialized knowledge base for science teaching that has been articulated and is shared
among a group of professionals, which is related to teaching that particular subject matter
knowledge to particular students in a particular learning context” (Carlson & Daehler,
2019, p. 88). The pPCK is unique for each teacher and/or pre-service teacher, and it is
described as ““a specialized form of personal knowledge that includes different knowledge
resources related to the teaching and learning of specific science topics” (Alonzo et al.,
2019, p. 273). pPCK is different from cPCK (Alonzo et al., 2019); however, cPCK
transforms into pPCK when it is amplified and/or filtered by a teacher (Mazibe, 2020). The
ePCK is “the specific knowledge and skills utilized by an individual teacher in a particular
setting, with a particular student or group of students, with a goal for those students to
learn a particular concept, collection of concepts” (Carlson & Daehler, 2019, p. 83).
Teachers use the ePCK, which consists of knowledge and skills that guide all aspects of
instruction in their classroom teaching practice (Singh, 2021). In other words, ePCK can be
expressed as the PCK that is observable during the teaching practices of teachers or pre-
service teachers (Aydeniz & Kirbulut, 2014). According to RCM, ePCK is specific to a
particular science teaching and does not fully represent teachers’ PCK; therefore, it is a
subset of pPCK in the model (Carlson & Daehler, 2019). However, it has also been stated
that regardless of the level of pPCK of a teacher or pre-service teacher, only some of this
existing knowledge informs ePCK in a given situation (Kim, 2020). At the same time,
according to RCM, the teaching experience that teachers acquire also shapes their pPCK
(Coetzee et al., 2022). This shows that pPCK and ePCK mutually inform each other
(Carlson & Daehler, 2019). In RCM, pPCK corresponds to static or declarative PCK,
whereas ePCK is associated with dynamic PCK (Chan et al., 2019). In this regard, the
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conceptual framework that will guide the current study is the RCM of PCK, and this
current study is conceptualized within pPCK and ePCK (Carlson & Daehler, 2019). In this
research, pPCK (i.e., declarative PCK) was used as a guide in examining what pre-service
science teachers knew or thought about teaching the topic of seasons, and ePCK (i.e.,
dynamic PCK) was used as a guide to examine their classroom teaching practices.

Literature Review

The pPCK and ePCK in RCM, which are associated with the definition of PCK in
the recent literature, are important as they include both the understanding and the
enactment of teachers’ PCK (Carlson & Daehler, 2019). They also play an essential role in
the development of teachers’ PCK (Mazibe et al., 2020), as the acquisition and enactment
of learned PCK represent two intertwined situations (Park & Oliver, 2008). However, both
PCK forms have not yet been researched enough as they have just entered the relevant
research literature (e.g., Alonzo & Kim, 2016; Kim, 2020; Mazibe et al., 2020). It is also
stated in the literature that pPCK and ePCK should be investigated for reasons such as (1)
to explore the knowledge and competencies of teachers in terms of pPCK and ePCK in
different science topics (Coetzee et al., 2022), (2) to understand the relationship between
teachers” PCK and their teaching practices (Kim, 2020), and (3) to investigate the
importance of the gap between pPCK and ePCK (Mazibe et al., 2020). In addition, in the
literature, very few studies have been conducted on PCK (i.e., ePCK) captured from
classroom teaching observations of teachers and/or pre-service teachers (Chan & Hume,
2019; Gess-Newsome, 2015). Park and Oliver (2008) emphasized that both types of PCK
(pPCK and ePCK) are necessary for effective science teaching. In this regard, in the
current study, it can be suggested that it is important to examine the knowledge and
competencies of pre-service science teachers regarding both PCK types within the scope of
a specific science topic.

In most of the studies in the relevant literature, it has been seen that one or multiple
PCK components (such as knowledge of students’ prior knowledge and learning
difficulties and knowledge of instructional strategies and methods) were examined in
teachers and/or pre-service teachers (e.g., Belge Can, 2021; Carpendale & Hume, 2019;
Chan et al.,, 2019; Park et al., 2011). However, it has been emphasized that the
determination of teachers’ topic-specific PCK components is important for a well-
developed PCK and effective teaching and that it is necessary to search for the detection of
PCK components that teachers have or lack (Akin, 2017; Lee & Luft, 2008). In this
context, in the current study, the pre-service science teachers’ pPCK and ePCK on the
topic of seasons were examined in line with four topic-specific PCK components: Science
curriculum, Students’ understanding, Instructional strategy and method, and Assessment.

In the literature, there are studies on the description of PCK that teachers and/or
pre-service teachers have. In these studies, researchers have used data sources such as
lesson plans (Van der Valk & Broekman, 1999), topic-specific PCK tests (Mavhunga &
Rollnick, 2013), and content representation (CoRe) (Loughran et al., 2004) to determine
teachers’ PCK (Chan & Hume, 2019). It is seen that paper and pencil tests have been
mostly used to capture teachers’ PCK in studies. In most of the recent studies, interviews
(Alonzo & Kim, 2016) and lesson observations (Park & Chen, 2012; Park et al., 2011)
have also been used in addition to these data sources to capture teachers’ PCK.
Furthermore, it has been emphasized that it is important to use these two data sources in
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the determination of PCK in these studies. However, in the studies, mostly 3-7 pre-service
teachers have been interviewed and classroom lessons have been observed (e.g., Park &
Oliver, 2008; Sagbilge, 2022). In this case, it can be suggested that the findings of these
studies are limited in making a judgment about the levels/quality of PCK of teachers or
pre-service teachers. In the current study, individual semi-structured interviews, field
observations, and teaching video recordings were used to describe the PCK (pPCK and
ePCK) of 18 pre-service science teachers. Accordingly, the vignette was employed in the
creation of the interview protocol which was used to determine the pre-service teachers’
pPCK (i.e., declarative knowledge). Vignettes are short stories that are developed based on
real-life stories (Jeffries & Maeder, 2004) or the findings of previous scientific research
(Carlson, 1996) in different formats such as open or closed-ended, fixed or interactive, and
in text or video format (Simon & Tierney, 2011). In the literature, it has been stated that
the vignette is a good data source to examine the developmental levels (Brovelli et al.,
2014) or PCK (McNeill et al., 2015) of teachers and can be used in interviews (Simon &
Tierney, 2011). It has also been suggested that the quality of the teachers’ PCK would be
determined by not only the pPCK they articulate in the interviews but also by how they
were put into practice during teaching in the classroom setting (Abell, 2008). In this
regard, field observations and teaching video recordings were used to capture pre-service
teachers’ PCK (i.e., enacted PCK) in the classroom setting. In this direction, it is thought
that the current research is important in presenting concrete examples for the studies to be
done on the effective development of pre-service teachers’ science teaching competencies.

This study aimed to describe the pre-service science teachers’ (PSTs’) pPCK (i.e.,
declarative PCK) and ePCK (i.e., dynamic PCK) about the topic of seasons, which is a
scientific phenomenon in the curriculum. For this purpose, firstly, the PSTs’ knowledge of
pPCK and its components was examined. Then, the competencies of PSTs regarding ePCK
and its components revealed during teaching practices in the classroom environment were
captured. Accordingly, the research questions of this study are as follows:

1. What is the PSTs’ knowledge of pPCK and its components involving the topic
of seasons?

2. What are the competencies of the PSTs regarding the ePCK and its components
involving the topic of seasons?

Method

This qualitative descriptive study examines the pPCK and ePCK of PSTs about the
seasons. The purpose of employing this methodology in this study is to provide a direct
description of individuals’ knowledge and skills regarding an event or circumstance
(Lambert & Lambert, 2012; Sandelowski, 2010; Willis et al., 2016). Participants in the
study were 18 volunteer PSTs (13 females and 5 males) in their last year of the Science
Teacher Education program at the Faculty of Education of a state university in Turkey.
These pre-service teachers have never experienced classroom teaching practice in an
elementary school until this study.

Data Collection Tools

In this study, interviews, field observations, and teaching video recordings were
used as data collection instruments to examine the pPCK and ePCK of PSTs about seasons.
pPCKs of PSTs about the seasons were investigated using individual semi-structured
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interviews based on vignettes. The interview protocol based on the vignette was developed
utilizing relevant literature (e.g., Bailey et al., 2004; Kilig, 2015; Sneider et al., 2011; Sung
& Oh, 2018; Tsai & Chang, 2005) to examine the PSTs’ knowledge of the four
components of the pPCK in depth. This vignette was created by the researcher from
successive stages of the lesson, each containing different events or situations that can occur
in a classroom environment during one lesson hour (40 minutes). During the interviews,
PSTs were asked open-ended questions about situations such as evaluating teacher-student
behaviors and knowledge/opinions in a lesson on seasons based on the vignette, providing
alternative suggestions on what the teacher should do in the next lesson, or questioning a
specific event presented in the vignette (Schuster et al., 2007). In line with the answers
given by PSTs, alternative questions were asked to them when necessary (such as
explaining their views with reasons or expressing more clearly why they think the way
they do). As a result, it was attempted to investigate PSTs’ knowledge of each component
of pPCK in depth by allowing PSTs to think more deeply about the concrete situations that
can be encountered in the real classroom environment in the vignette and obtain more
realistic data. The interview protocol based on this vignette was reviewed by two science
educators and edited in line with their suggestions. Pilot interviews were then conducted
with two PSTs who did not participate in the study, and the content of the interview
protocol was finalized by editing some questions based on the PSTs’ responses. All
dialogues in the interviews with the PSTs participating in the study were recorded on a
voice recorder and then transcribed and analyzed. A part of the vignette provided to PSTs
during the interviews in the research is given in Figure 2.

Figure 2
The Vignette on PSTs’ Knowledge of Students’ Understanding

In the science lesson, teacher Sancar asked his students, “How do you think the seasons are
formed?” to determine their prior knowledge of the formation of seasons, and received the
following responses:

Student A: Teacher, there are four seasons in a year: spring, summer, fall, and winter... I think
the seasons are formed by the Sun revolving around the Earth...

Student B: | think the Earth is the cause of the seasons... The Earth revolves around the Sun,
which creates the seasons because the Sun does not move.

Student C: | think that the Earth’s rotation around the Sun and its axis creates the seasons...

Student D: Teacher, | think the Sun has a lot to do with how the seasons change... For example,
when the Sun is close to the Earth, it is summer and very hot outside. When the Sun moves
away from the Earth, it is winter and very cold outside.

Student E: Seasons, | believe, are caused by the tilt of the Earth’s axis... Because the Earth’s
axis is tilted, the distance between the Sun and the Northern and Southern hemispheres
changes. This creates seasons...

Student F: Teacher, | think that summer happens on the side of the Earth that faces the Sun, and

winter happens on the side that faces away from the Sun... | don’t know what causes the other
seasons...

After the interviews, the ePCKs of the PSTs were examined about the seasons in
their real classrooms while they were teaching. PSTs” ePCKs were analyzed using written
notes of field observations and lesson videos. The participant observation method was used
in the research process so that the author could directly observe the classroom as it was and
keep detailed observation notes on the classroom teaching practice of PSTs. Also, video
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recordings of the lessons were used so that the events that happened in the classroom
related to the lessons taught by the PSTs could be looked at and described in detail and so
that each pre-service teacher’s non-verbal actions, such as facial expressions and body
movements, could be recorded exactly as they were. The teaching video recordings can
also be watched again and again if needed. All of the pre-service teachers who took part in
the study and the school administrators who needed to give permission did so. These data
collection tools are among the data sources that have been frequently used to determine the
PCK of teachers and/or pre-service teachers in recent years (Chan & Hume, 2019). Each
PST participating in the study was given one lesson hour (40 minutes) for classroom
teaching practices.

Data Analysis

The data were analyzed in a way that was similar to what was done in other studies
(e.g., Chan et al., 2019; Mavhunga & Rollnick, 2013; Mazibe, 2020; Park et al., 2011).
Since the literature usually uses qualitative data sources to measure the PCK of teachers
and/or pre-service teachers, it has become common to use rubrics to analyze qualitative
data (Chan et al., 2019). Accordingly, in the present study, the two forms of PCK given in
the theoretical framework, pPCK and ePCK, were used as guides and two assessment
rubrics were created for both pPCK (Appendix 1) and ePCK (Appendix 2) regarding the
seasons, taking into account the four topic-specific components of PCK. These rubrics
were designed by the author by examining many scales used in the literature to assess
teachers’ PCK (e.g., Mazibe, 2020; Mazibe et al., 2020). The answers given to the
questions in the interviews used to evaluate the knowledge of PSTs about the pPCKs in
relation to the seasons and the competencies of PSTs about the ePCKSs in relation to the
seasons were evaluated in four categories: limited, basic, developing, and exemplary
(Mavhunga & Rollnick, 2013; Mazibe et al., 2020). For this process to be reliable, the
items on both evaluation lists were reviewed and changed by a science educator who is an
expert on the topic, and the changes were made based on his suggestions. As a result,
rubrics with seven items for topic-specific pPCK and seven items for topic-specific ePCK
were created to be used in analyzing the data from this study. The transcripts of the
vignette-based individual semi-structured interviews were read several times, examined in
detail, and evaluated according to the rubric prepared for the pPCK in order to analyze the
data obtained as a result of the study. Likewise, the qualitative data obtained from field
observations and teaching video recordings during the PSTs’ teaching practices in the
classroom environment were analyzed in depth and evaluated according to the rubric
prepared for ePCK. Furthermore, a science educator re-analyzed the data obtained from the
data sources of the three PSTs participating in the study using both rubrics to ensure the
reliability of the data obtained (Miles & Huberman, 1994). For pPCK and ePCK, the
average agreement between the author and expert analyses was 86%.

Ethical Procedures

Ethical approval and written permission were obtained from the Munzur University
Non-Interventional Research Ethics Committee with the decision dated 30.03.2023 and
numbered 2023/05-009.
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Results

PSTs’ Topic-Specific pPCK

The pPCKs of the PSTs participating in this study were presented under separate
subheadings specifically within the context of PCK components. PSTs’ pPCKs (i.e.,
declarative PCK) about seasons are given in Table 1.

Table 1
PSTs’ Topic-Specific pPCK about Seasons

pPCK Limited Basic Developing Exemplary

Concepts and achievements in the

Science curriculum . . 11 4 3 -
science curriculum
Students’ prior knowledge 10 4 4 -
Students’
understanding Students’ learning difficulties 5 6 7
(misconceptions) and their reasons
Instructional Instructional strategy and method 12 5 1 -
strategy and method  Representations 6 10 2 -
Assessment approaches and 14 4 i i
Assessment methods
Assessment tools and their use 12 6 - -

Science curriculum knowledge of PSTs

When the curriculum knowledge about the concepts and achievements of the
seasons topic in the science curriculum was examined, it was found that most pre-service
teachers did not know the program content. Regarding the concepts and achievements
related to this science topic, 11 PSTs made limited explanations, such as students knowing
the four seasons (spring, summer, fall, and winter), the Earth, and the Sun. Four PSTs
explained these concepts at the basic level by giving an example from the objectives of the
science program in addition to these concepts. On the other hand, three PSTs mentioned
the concepts and achievements related to the formation of seasons, such as the Earth’s
motions, the Earth’s axis of rotation, axis tilt, and the Earth’s orbital motion around the
Sun at the developing level.

Students’ understanding knowledge of PSTs

In Table 1, when the findings declared by the PSTs in the interview regarding the
students’ understanding of the formation of seasons are analyzed, some of the PSTs either
stated that they did not know the students’ prior knowledge on the topic (n=4) or they gave
limited answers with statements such as students know the names of the seasons and/or
they know the order of the seasons (n=6). Furthermore, four PSTs declared that students
have prior knowledge of the Earth’s rotation and circulation, the Sun’s motion, and the
seasons’ names at the basic level. According to the other four PSTs, the students had
developed prior knowledge about the topic, such as the rotational motion of the Earth
around its axis and the results of this motion, the motion of the Sun, and the direction and
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motion of the Earth’s orbit around the Sun. The knowledge of the PSTs on students’
learning difficulties (misconceptions) and their causes regarding the formation of the
seasons was attempted to be determined by open-ended questions posed to them during the
interview using the vignette. Accordingly, seven PSTs defined two or three misconceptions
of the students about this science topic, such as seasons are formed by the change in the
distance between the Earth and the Sun or seasons are formed by the rotation of the Sun
around the Earth and stated their reasons with developing explanations. While six PSTs
were able to identify one or two misconceptions of the students in the vignette presented to
them, they were not able to express fully their reasons. On the other hand, the other PSTs
both stated that students would not have any difficulty with this science topic and that there
would be no misconceptions, and they could not define the misconceptions in the vignette.
Also, three of these PSTs were found to have misconceptions about the formation of
seasons. Below, you may see some examples of interviews made with PSTs.
Researcher: (vignette in Figure 2) What do you think about the students’ answers to teacher
Sancar’s question?
PST-8: ...before studying this topic, students should be familiar with the movements of the Sun
and the movements of the Earth... They also need to know what happens as a result of these
because if students do not learn them well, they will have difficulty learning the next topics, and
misconceptions will occur... For example, here, Student A says that the seasons are formed by the
Sun revolving around the Earth, which is sad because the child does not know that the Earth
revolves around the Sun... This child is in misconception... Student C also said that seasons occur
when the Earth rotates both around the Sun and around its axis, which is wrong because seasons
occur when the Earth rotates around the Sun... Student B thinks as | say, so this student is right...
The other student (Student D) says that the seasons are formed not by the tilt of the Earth’s axis
but by the proximity or distance of the Earth to the Sun, which is wrong... So, Student D has
incomplete knowledge, and | think she/he does not know the movements of the Earth and the
Sun... Student F is also wrong... Only Student E is exactly right because he knows that the seasons
are formed by the tilt of the Earth’s axis... Other students already have learning difficulties because
they do not have this information...
PST-1: Student A thinks that the Earth does not revolve around the Sun, but the Sun revolves
around the Earth, this student has the misconception... That is, he did not say that seasons are
formed by revolving the Earth around the Sun... Student C has incomplete knowledge, | think this
student confused the formation of day and night with the formation of seasons... Student D knows
something because he said that the Sun plays a role in the formation of the seasons, but the Sun is
not the only factor in the formation of the seasons... Here, the student did not know about the tilt of
the axis, and he fell into a misconception... Here, she/he made a mistake in the proximity and
distance of the Earth to the Sun, that is, she/he thought that summer occurs when the Earth is
close, and winter occurs when the Earth is far away... Student E said exactly the right thing, that is,
this student does not have a misconception... She/He said that seasons are formed due to the tilt of
the Earth’s axis... | believe she/he has the right prior knowledge... Student F is also in
misconception...

Instructional strategy and method knowledge of PSTs

When the findings in Table 1 regarding the teaching strategies and methods
declared by the PSTs in the interview were examined, it was observed that 12 PSTs would
use teacher-centered teaching strategies in teaching the topic of seasons either by making
plain explanations on the topic or by using only the question-answer technique.
Furthermore, these PSTs stated that they did not know how to plan and teach their lesson
or how to create an activity because their knowledge of the content of this science topic
was insufficient. However, five PSTs stated their explanations on how to create learning
activities, such as showing the Earth’s orbit around the Sun with a model for the formation
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of seasons, etc., by using hands-on materials (e.g., globes) in a way that students would be
active at the basic level. Only one PST gave developing explanations on how to create
student-centered learning environments based on the constructivist learning approach and
making students active in the process of teaching this topic. It was observed that six of the
PSTs who participated in the study were at the limited level because they either stated that
they would not use any representation while teaching the topic of the seasons or that they
would use a representation to inform students about this topic (i.e., in a teacher-centered
way). Furthermore, 10 PSTs gave basic explanations on how they would use
representations such as illustrations, videos, simulations, hands-on materials, models, etc.
either to summarize the lesson or to reinforce students’ knowledge on this topic. Two PSTs
stated that they would use representations to concretize/visualize this scientific
phenomenon or eliminate students’ misconceptions about it with developing-level
explanations. They also said that they would use these representations to motivate,
encourage, and engage students in science lessons.

Assessment knowledge of PSTs

When the findings reported by the PSTs in the interview regarding the assessment
component are analyzed in Table 1, 14 PSTs made limited explanations by stating that they
would evaluate students’ understanding of the seasons at the end of the lesson (i.e., the
traditional assessment approach). Other PSTs provided basic-level explanations. Regarding
assessment tools and their use, 12 PSTs stated that they would assess students’ learning on
this topic at the end of the lesson through question-answer (oral roll call), true-false or
multiple-choice tests, or homework. Furthermore, six PSTs stated that they would assess
students’ understanding of how the seasons are formed at the basic level by making
drawings, assigning project homework, or evaluating students’ understanding through
student work.

PSTs’ Topic-Specific ePCK
The ePCKs of the PSTs participating in the study were presented under separate

subheadings specifically within the context of PCK components. PSTs’ ePCKs (i.e.,
dynamic PCK) about seasons are given in Table 2.
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Table 2
PSTs’ Topic-Specific ePCK about Seasons

ePCK Limited Basic Developing Exemplary
Science Referring to the concepts and
. achievements in the science 9 6 3 -

curriculum .

curriculum

Questioning students’ prior

knowledge and learning difficulties 11 5 2 -
Students’ (misconceptions)
understanding  Recognizing and acknowledging

students’ prior knowledge and 13 4 1 -

learning difficulties (misconceptions)
Instructional Use of instructional strategy and 1 5 ’ i
strategy and method
method Use of representations 10 6 2 -

Assessment approaches and methods 14 4 - -
Assessment

Use of assessment tools 14 4 - -

Science curriculum knowledge of PSTs

When the science curriculum component was examined, it was observed that only
three PSTs referred to concepts such as the position of the Earth, the motion of the Earth’s
orbit around the Sun and its consequences, and the tilt of the Earth’s axis of rotation (axial
tilt) about the seasons, and they taught their lessons by making logical connections
between most of these concepts. Six PSTs were identified as being at the basic level
because they focused on some of the concepts about this topic (such as the structure of the
Sun, the sizes of the Earth and the Sun, and the rotational and orbital motions of the Earth)
and only taught by establishing relationships between these concepts. Nine PSTs were
found to be at a limited level because they did not teach most of the important concepts
about how seasons come to be; they mostly focused on concepts that had nothing to do
with each other, and they did not make connections between concepts related to this topic.

Students’ understanding knowledge of PSTs

When the results of the ePCK of the PSTs on students’ understanding are examined
in Table 2, 11 PSTs were assessed to be at the limited level because they did not question
students’ possible prior knowledge and learning difficulties (misconceptions) about
seasons, and five PSTs were assessed to be at the basic level because they partly
questioned them by asking only a few. It was observed that the other PSTs identified
students’ prior knowledge and at least two misconceptions about the topic, such as the
summer and winter seasons are formed by the side of the Earth facing the Sun. For
example, these PSTs questioned students’ prior knowledge and misconceptions by asking
them some open-ended questions about the topic, by having a few students draw on the
board how the seasons occur, or by asking questions based on pictures or a model of the
Solar system. Hence, the competencies revealed by these PSTs during the lesson were
scored as developing. During the lesson, 11 out of 13 PSTs did not question students’ prior
knowledge and learning difficulties regarding the seasons and, therefore, did not teach their
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lessons by taking learners’ thinking into account. The two PSTs partially questioned the
students by asking a few questions, but it was observed that they did not take the students’
answers into account and did not recognize their misconceptions. Therefore, the
competencies enacted by these PSTs in a real classroom environment were scored as
limited. Four PSTs questioned students’ prior knowledge and learning difficulties but
continued the lesson by partially taking into account the students’ thoughts and, therefore,
were scored as basic. The other PST was scored as developing because she/he recognized
and acknowledged students’ prior knowledge, such as that there are four seasons, that the
Earth moves in a circle, and that the Sun is bigger than the Earth, and some of the students’
misconceptions about the seasons during the lesson.

Instructional strategy and method knowledge of PSTs

During the classroom teaching practices, it was observed that 11 PSTs used the
lecture method while teaching the topic of the seasons and did some of the teacher-
centered activities in which students were passive. It was also observed that these PSTs
were weak in classroom management. When the findings related to the use of instructional
strategy and method in Table 2 are examined, it is observed that the competencies revealed
by these PSTs during the lesson were scored as limited. The competencies of five PSTs
during the lesson were scored as basic because they explained the topic by drawing shapes
on the board or asking questions through some representations such as pictures, slides,
videos, and models/mock-ups and then made explanations about the topic and were
partially successful in classroom management. On the other hand, two PSTs used a
model/mock-up of the Earth and a flashlight to have students explore the topic by asking
questions, or they used a model/mock-up of the Solar system and asked questions related
to the topic and created discussion environments primarily with dialogues between the
teacher and the students, or they showed a video or simulation and asked various questions
about the formation of the seasons and made explanations. In this regard, the competencies
of these PSTs during the lesson were also scored as developing. 10 PSTs who participated
in the study were scored as limited because they either did not use any representation about
the topic or used representations such as illustrations and diagrams to make direct
explanations about the seasons. The competencies of 6 PSTs were scored as basic during
the lesson because they partially used representations such as illustrations and
models/mock-ups to summarize the related topic at the end of the lesson or to question
students’ prior knowledge about the seasons, etc. The other PSTs were rated at the
developing level for their competencies in the use of representations such as hands-on
materials (e.g., globes, flashlights), models, videos, and simulations during classroom
teaching practices.

Assessment knowledge of PSTs

Fourteen of the PSTs participating in the study either did not assess students’
understanding of the seasons or tried to assess it by asking questions to a few students at
the end of the lesson and did not use any assessment tool. Therefore, the competencies of
these PSTs regarding assessment approaches and methods and the use of assessment tools
during the lesson were scored as limited (Table 2). The four PSTs tried to partially evaluate
the students’ understanding of the topic from the beginning to the end of the lesson and had
them draw and explain how the seasons are formed on a piece of paper and then collected
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the papers. The competencies that these PSTs demonstrated in a real classroom
environment were scored as basic. None of the PSTs’ competencies in assessment
approaches and methods and use of assessment tools demonstrated during the lesson were
rated as developing or exemplary.

Discussion and Conclusion

This study examined the pPCK (i.e., declarative PCK) and ePCK (i.e., dynamic
PCK) of the PSTs on the topic of seasons. According to the data obtained from the
vignette-based individual semi-structured interviews held with the PSTs who participated
in the research, the pre-service teachers had a limited level of pPCK on the topic of
seasons. According to the data obtained as a result of the examinations made during the
lectures of the PSTs in the real classroom environment, the pre-service teachers had a
limited level of ePCK related to the topic of seasons. The PSTs’ knowledge of all
components of topic-specific pPCK and the PSTs’ competencies regarding all components
of topic-specific ePCK during the teaching practice were mostly limited. Regarding the
other components of the topic-specific pPCK, the majority of the PSTs’ knowledge of
students’ understanding was the best, and their knowledge of assessment was the worst.
Regarding the other components of the topic-specific ePCK, the knowledge of the science
curriculum was the best, and the knowledge of assessment was the worst. Likewise, in
previous studies, it has been indicated that the knowledge and competencies of teachers
and/or pre-service teachers on the components of PCK would not develop at the same level
(Aydin, 2012; Barendsen & Henze, 2019). In studies, it has also been observed that the
PSTs’ knowledge of assessment and their competencies regarding assessment revealed
during the lecture were quite weak (Aydin, 2012; Sagbilge, 2022). The general reasons for
this situation may include the fact that pre-service science teachers do not take applied
courses on assessment approaches and methods and assessment tools during their
university education, that they do not attach importance to the process of evaluating what
students have learned during their lesson planning and teaching practices as well as
students’ learning experience, etc. Furthermore, in the present study, none of the pre-
service teachers’ explanations regarding the components of pPCK and the competencies
regarding the components of ePCK during the lecture were at an exemplary level.
Similarly, in the literature, it has been stated that teachers’ and/or pre-service teachers’
knowledge of topic-specific pPCK in various science topics and their competencies
regarding topic-specific ePCK were weak (e.g., Barendsen & Henze, 2019; Mavhunga,
2014). The reasons for this may be, in particular, pre-service teachers’ lack of content
knowledge and teaching experience (Barendsen & Henze, 2019; Kim, 2020; Kind, 2009;
Mazibe, 2020; Rollnick et al., 2008). Many PSTs who participated in the current study also
admitted during the interviews that they lacked content knowledge on the relevant science
topic. In the literature, it has been emphasized that teachers’ content knowledge is a
prerequisite for PCK (Kim, 2020; Mazibe, 2020). However, in some studies, it has been
indicated that a good level of content knowledge alone is not sufficient for teachers or pre-
service teachers to have a strong PCK (Davidowitz & Potgieter, 2016; Rollnick &
Mavhunga, 2014; van Driel et al., 1998). In this context, it has been stated that in addition
to content knowledge, teachers and/or pre-service teachers need to gain experience in
classroom teaching practices, attend education-related seminars, and exchange opinions
with more experienced teachers to develop their topic-specific PCK (Aydin, 2012; Henze
et al., 2008; van Driel et al., 1998). In short, it is suggested that PSTs should first develop
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their cPCK regarding their knowledge and competencies in the teaching profession during
their undergraduate education. cPCK, which is defined as an expert knowledge base for
science teaching in RCM (Carlson & Daehler 2019), also includes teachers’ pPCK and
ePCK. According to this model, to what extent this form of PCK is amplified and/or
filtered by each teacher or pre-service teacher, they can develop their pPCK and ePCK
proportionally (Carlson & Daehler 2019; Mazibe, 2020). In this respect, it is suggested that
educational activities should be carried out through in-service training for teachers or
teacher education programs for pre-service teachers to share, learn, and gain knowledge
and skills about cPCK.

According to the qualitative findings obtained in this study, the PSTs’ pPCK on the
topic of seasons that they articulated in the interviews and their competencies regarding
ePCK that they revealed in the classroom environment mostly differed. However, it can
also be said that pre-service teachers’ competencies they enacted during the teaching
practices (ePCK) were heavily dependent on the available knowledge (pPCK) they
articulated in vignette-based interviews, but their pPCK did not fully reflect their ePCK
captured in the real classroom environment. This may be explained by the fact that the
competencies revealed by the PSTs in their use of topic-related representations during the
teaching practice (ePCK) relied on their knowledge of instructional strategies and methods
or representations that PSTs declared in the interviews; however, PSTs did not apply their
knowledge of representations in the classroom environment. This result is consistent with
RCM, which positions ePCK as a subset of pPCK (Carlson & Daehler 2019) (Figure 1). In
addition, PSTs’ components of topic-specific pPCK and ePCK were mostly determined to
differ. For example, when the data on the students’ understanding component of PCK was
examined, it was seen that the PSTs did not recognize and acknowledge the students’
misconceptions on this topic in teaching practices or did not teach the topic by considering
students’ thoughts, although some of them articulated the students’ explanations of
learning difficulties (misconceptions) and the causes of these difficulties regarding the
formation of seasons at a developing level in the interview (see Tables 1 and 2). The
findings of this research support the relationships between pPCK and ePCK specified in
the RCM (Carlson & Daehler, 2019). According to this model, PSTs’ pPCK forms the
basis for the ePCK they reveal during classroom teaching practices and serves as an
existing knowledge and skill repository from which they can benefit (Alonzo et al., 2019).
At the same time, according to RCM, PSTs’ pPCK and their ePCK are not expected to be
compatible since ePCK is flexible and changes for a particular learning environment, a
particular student group, a particular science topic, or is formed and used at that moment in
the classroom setting (Alonzo et al., 2019). The results of some studies (Kim, 2020;
Mazibe, 2020; Mazlum Giiven & Yigit, 2020) on different science topics in the literature
are consistent with the results of this research.

Considering the study’s overall findings, it was seen that most of the PSTs’ topic-
specific pPCK was partially of better quality than their topic-specific ePCK. For instance,
some pre-service teachers partially declared their knowledge and skills about the students’
prior knowledge of seasons and how to determine them in a theoretical way, but they were
weak in applying their knowledge and skills while teaching the lessons on the relevant
topic in a real classroom environment. It can be suggested that the general reasons for this
are that the general or topic-specific pedagogical knowledge and competencies of PSTs
were weak, that very few lessons are directly related to discipline-specific (science-
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specific) pedagogical knowledge and skills in the science teacher education program, and
that most importantly, very few opportunities regarding teaching practices are provided to
PSTs in a real classroom environment during undergraduate education (Alonzo & Kim,
2016; Mazibe et al., 2020). From these perspectives, it was concluded that pre-service
teachers need to carry out more instructional practices in order to transfer the PCKs
(pPCK) they have or acquired to their lessons in the real classroom environment.
Moreover, it is suggested that pre-service teachers should constantly reflect on the
experiences they acquired during these teaching practices or different/initial experiences of
themselves (reflective practice) (Park & Oliver, 2008). When the findings regarding the
topic-specific pPCK and ePCK components of PSTs were examined, it was seen that the
PSTs’ pPCK was of slightly better quality than their ePCK in all components except the
science curriculum component. This may be explained by the fact that even though pre-
service teachers consider the students’ misconceptions on the relevant topic and effectively
plan the instructional activities and the assessment process, they may be weak while
practicing the designed lesson plan in the real classroom environment. Compared to the
other components, the general reason why the PSTs’ competencies of the topic-specific
science curriculum component in the classroom environment (ePCKs) were of slightly
better quality than their knowledge of this component (pPCKs) might be that pre-service
teachers repeat their content knowledge on the relevant topic during the planning of the
lesson and review the concepts, achievements, etc. in the science program before teaching
the lesson. Likewise, in previous studies, it has been stated that the declarative knowledge
and teaching practices of teachers and/or pre-service teachers would develop differently
(Alonzo & Kim, 2016; Mazibe, 2017; 2020; Mazlum Giiven & Yigit, 2020). In this
respect, the results of this study are thought to be important in terms of presenting
empirical evidence while explaining the relationships between teachers’ knowledge and
their classroom teaching practices.

Previous studies in the literature have determined that the quality of topic-specific
PCK of teachers/pre-service teachers differs based on the topic. For example, Aydin (2012)
has examined the PCKs of two chemistry teachers on electrochemistry and radioactivity
and has stated that there are two different types of PCK for two different science topics:
PCK A for teaching electrochemistry and PCK B for teaching radioactivity. Therefore, as
in the current study, it was concluded that it would be more appropriate to research PCK in
its topic-specific dimension since the quality of pre-service teachers’ pPCK and ePCK may
vary within the scope of different science topics (Mazibe, 2020; Rollnick & Mavhunga,
2014). Accordingly, it can be recommended to conduct studies examining PCK and
classroom teaching practices of science teachers/pre-service teachers regarding different
science topics that students have difficulty learning in order to provide concrete evidence
to researchers on teacher education. In addition, in this study, the vignette was used to
examine the topic-specific pPCK of the PSTs, and vignette-based individual semi-
structured interviews within the scope of the related science topic were held with the PSTs.
Based on the current research findings, it is thought that the vignettes used during the
interviews in the study have a significant potential to provide valid and reliable
information about the quality of topic-specific pPCK of pre-service teachers. It can be
recommended the vignette be used in PCK studies to be carried out in the field of teacher
education. It is suggested that presenting concrete situations to participants through written
short stories or short videos is more effective in terms of assessing these concrete cases and
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expressing views. Therefore, it is thought that it is important for researchers to explore or
question the knowledge and skills of participants in different dimensions.
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Appendices
Appendix 1
A Sample Extract of the pPCK Rubric
pPCK Limited Basic Developing Exemplary
-No prior knowledge -A few major concepts  -Some major concepts  -As prior knowledge
of the science topic were mentioned as related to the science about the science
was mentioned prior knowledge about  topic were mentioned topic, many major
Students’ -Several major. the science topic. sufficiently as prior concepts were
prior concepts were not knowledge. mentioned
knowledge extensively.

mentioned as prior
knowledge about the

Students’ science topic.
understanding s -No learning -One or two -Two or three
Students e . . . . . .
leaming dlfflc_ultles were mlsconc'eptlons rglated mlsconcgptlons rglated -All mlsconcept'lons
e mentioned about the  to the science topic to the science topic related to the science
difficulties - . . e . s - . .
(misconcep smencg topic. _ were identified. were identified. topic were identified.
tions) and -No misconceptions -The reason_s for these ?The_rgasons for these -The reason§ for these
their rel_ated to the mlsconcept|0n§ were |d_ent|f|ed _ mlsco_nceptlons v_vere
reasons science topic were not fully explained or misconceptions were explained extensively.
identified. partially explained. explained sufficiently.
Appendix 2
A Sample Extract of the ePCK Rubric
ePCK Limited Basic Developing Exemplary
-During the -During the lesson, -During the lesson, -During the lesson,
lesson, students’ students’ possible students’ possible students’ possible
Questioning possible preliminary preliminary preliminary
students’ prior preliminary knowledge and knowledge and knowledge and

Students’
understanding

knowledge and
learning
difficulties
(misconceptions)

Recognizing and
acknowledging
students’ prior
knowledge and
learning
difficulties
(misconceptions)

knowledge and
misconceptions
about the science
topic were not
questioned.

-During the
lessons, students’
misconceptions
related to the
science topic were
not recognized.
-During the
lessons, the
preliminary
knowledge and
misconceptions of
the students were
not taken into
consideration.

misconceptions
about the science
topic were partially
questioned.

-During the lesson, a
few of the students’
misconceptions
related to the
science topic were
recognized.

-During the lessons,
the preliminary
knowledge and
misconceptions of
the students about
the science topic
were partially taken
into consideration.

misconceptions
about the science
topic were
questioned in an
acceptable way.

-During the lesson,
some of the
students’
misconceptions
related to the
science topic were
recognized.
-During the lessons,
students’
preliminary
knowledge and
misconceptions
related to the
science topic were
taken into account in
an acceptable way.

misconceptions about
the science topic were
adequately
questioned.

-During the lesson,
many of the students’
misconceptions
related to the science
topic were recognized.
-During the lessons,
students’ preliminary
knowledge and
misconceptions
related to the science
topic were adequately
taken into
consideration.

[oocke)
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ABSTRACT: The aim of this longitudinal research is to examine the development process of scientific and
consistent knowledge structures of first, second, and third-grade students in middle school within the concepts of
melting and dissolution according to conceptual change theories at the end of the education and training processes
carried out in educational institutions. The research is carried out in a district of a metropolitan city in the Marmara
Region with the participation of 43 middle school students. Open-ended questions developed for concepts were used
to collect data. Friedman test is used to determine whether there is a difference between students’ consistent and
scientific knowledge structure scores regarding the concepts of melting and dissolution. As there is a significant
difference between the students’ consistent and scientific knowledge structure scores regarding the concepts of
melting and dissolution, the Wilcoxon Signed Rank Test is used for dual comparisons between student levels. In
addition, Spearman’s correlation coefficient of rank differences is used to determine if there is a relationship between
the class levels of the students and the scores of students’ consistent and scientific knowledge structure regarding the
concepts of melting and dissolution. As a result of the research, it is determined that the students’ consistent and
scientific knowledge structure scores regarding the concepts of melting and dissolution differ depending on the
students’ levels. When all the findings obtained from the research are evaluated together, it can be said that the
development process of students’ knowledge structures regarding the relevant concepts is more compatible with the
knowledge in pieces conceptual change theory. Based on the results of the research, some suggestions were made.

Keywords: Knowledge in pieces structure conceptual change theory, theory-like conceptual change theory, mental
model.

OZ: Bu boylamsal arastirmanm amaci; egitim kurumlarinda gerceklestirilen egitim ve dgretim siirecleri sonunda
ortaokul birinci, ikinci ve liglincii sinif 6grencilerinin erime ve ¢dziinme kavramlarina yonelik bilimsel ve tutarl bilgi
yapilarinin gelisim siirecini kavramsal degisim teorilerine gore incelemektir. Aragtirma Marmara Bolgesi’ndeki bir
biiyiiksehrin bir ilgesinde 43 ortaokul Ogrencisinin katilimi ile gerceklestirilmigtir. Arastirmada verilerin elde
edilmesinde erime ve ¢6ziinme kavramlarina yonelik gelistirilen agik uglu sorular kullanilmistir. Arastirma verilerinin
analizinde Friedman testi, Wilcoxon Isaretli Siralar Testi ve Spearman’in sira farklar1 korelasyon katsayisi
kullanilmigtir. Arastirma sonucunda, grencilerin erime ve ¢6ziinme kavramlarma iligkin tutarli ve bilimsel bilgi
yapist puanlarinda, smif diizeyine gore farkliliklar oldugu saptanmistir. Arastirmadan saglanan tiim bulgular birlikte
degerlendirildiginde dgrencilerin ilgili kavramlara yonelik bilgi yapilarinin gelisim siirecinin, daha ¢ok parga nitelikli
kavramsal degisim kuramiyla uyumlu oldugu sodylenebilir. Arastirma sonuglarmna dayanarak bazi Onerilerde
bulunulmustur.

Anahtar kelimeler: Parca nitelikli kavramsal degisim teorisi, teori benzeri kavramsal degisim teorisi, zihinsel model.
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The teaching process of the concepts of melting and dissolution, which are
among the concepts included in the science lesson curriculum, is maintained starting
from the fourth grade in primary school to the university level (Kirman-Bilgin et al.,
2014). Although the students have gone through a long education and training process
for the concepts of melting and dissolution, the knowledge structures of the students
about the concepts of melting and dissolution may be in conflict with scientific
knowledge. In the literature, some findings are reached related to the existence of
knowledge structures that are in contrast with scientific and consistent knowledge about
the concepts of melting and dissolution in primary school students (Durmus & Donmez-
Usta, 2020; Kandemir & Apaydin, 2022, 2023); in university students (Akgun & Aydin,
2009; Kirman-Bilgin et al., 2014; Sen & Yilmaz, 2012) and in middle and high school
students as well (Calik & Ayas, 2005). In addition, studies in the international literature
reveal that this situation is not unique to our country (Eilks et al., 2007; Goodwin, 2002;
Pinto et al., 2023; Ramesh et al., 2020). The contents of the relevant studies in the
literature are given below. In their research, Durmus and Donmez-Usta (2020) asked
students to draw drawings regarding the concept of melting. It was determined that the
drawings made by third-grade primary school students at the scientific level constituted
39.3% of the group, and the drawings made by fourth-grade students at the scientific
level constituted 8.1% of the group. In another study in the literature, Kirman-Bilgin et
al. (2014) found that science teacher candidates used alternative concepts such as
melting, extinction, disappearing, imprisonment, and neutralization instead of the
concept of dissolution. Calik and Ayas (2005) examined the knowledge structures of
students studying between the seventh and tenth grades regarding selected solution
concepts. As a result of the research, it was concluded that some students’ answers were
inconsistent and that all those depended on the mixture used. In another study, Pinto et
al. (2023) examined the knowledge structures of undergraduate and master’s degree
students regarding the dissolution of oxygen in water. The research revealed that only
11% of the students had scientific knowledge. In their research conducted in primary
school, Kandemir and Apaydin (2023) found that, as a result of the pre-test application,
the scientific and consistent response score of the students towards the concepts of
melting and dissolution was lower than the non-scientific response score.

Not only formal education institutions but also observations of the outside
world, communication, and interaction with the social environment are effective in the
formation of students’ ideas about scientific concepts (Cepni, 2016; Furlough & Gillan,
2018; van Ments & Treur, 2021; Yuzbasioglu & Kurnaz, 2020). However, the ideas
about the concepts obtained in this way are not always correct. Nevertheless, ideas
formed as a result of students’ misperception of the relevant concept may conflict with
scientifically accepted information (Sen & Yilmaz, 2012). Therefore, knowledge
structures should be examined in order to know how students construct a concept, to
learn their level of knowledge about that concept, and to see whether there are any
misconceptions (Kayhan, 2010). The most important reason for analyzing knowledge
structures is that knowledge structures are effective in learning new concepts (llyas &
Saeed, 2018; Sozcu et al., 2016; Vosniadou, 1994). According to the constructivist
learning theory, which forms the basis of our science lesson curriculum, meaningful
learning occurs by associating the individual’s prior knowledge with the new
knowledge (Acikgdz-Un, 2014; Cepni, 2016). For that reason, it is possible for teachers
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to know the knowledge structures of the students about the concept to be learned and to
prepare the education-teaching processes by taking these knowledge structures into
consideration. Thus, meaningful learning and the quality of education and training
process will increase (llyas & Saeed, 2018; Malatyali & Yilmaz, 2010; Sozcu et al.,
2016). Otherwise, incomplete or incorrect information about concepts may prevent
students from learning concepts in a meaningful and permanent way (Ecevit & Simsek,
2017). In this context, knowledge structures are crucial in learning concepts in a
meaningful way in the teaching process (Ultay et al., 2017).

Research on conceptual change in science is mainly concerned with two
questions: (1) What knowledge of the natural world do pupils have before formal
education? (2) How does this knowledge change as children develop and scientific
expertise is acquired? After more than two decades of research on the topic, there are
still deep disagreements about these questions. Most notable in this context is the
question of coherence: Some researchers argue that students’ common-sense knowledge
of the natural world is coherent. Others argue that it is inconsistent (Sherin et al., 2012).
There are different theories in the literature examining students’ knowledge structures.
However, it is possible to say that research in the literature is mostly grouped into two
theories. According to the theory-like conceptual change theory, which is the first of the
related theories, students form some naive concepts as a result of their daily
experiences. These knowledge structures, which are formed by the individual as a result
of their daily experiences, show consistency within themselves (Ozdemir, 2007;
Vosniadou, 2012, 2019). However, students’ knowledge structure does not have
scientific consistency like scientists’. The reason is that students cannot hypothesize and
test their ideas (Vosniadou, 2003). These constructs are developed unconsciously as a
result of daily experiences and have explanatory power to make consistent predictions
and explanations in different domains (Parnafes, 2012). According to the theory
mentioned above, students’ knowledge structures are tightly interconnected and
integrated (Hannust & Kikas, 2007). According to the related theory, when individuals
are asked similar questions about a concept, the individuals’ answers are based on the
same knowledge structures (schema, mental model), so it provides consistency in their
answers (Ozdemir, 2007). In addition, according to the theory, students’ knowledge
structures of the related concept follow a process from a non-scientific consistent
structure to a scientific and consistent one (Apaydin, 2020; Ioannides & Vosniadou,
2002; Ozdemir, 2007; Vosniadou, 2003, 2012). According to the theory, students can
combine the scientific knowledge that they have encountered in formal education
institutions with the naive knowledge that they have created as a result of their daily
experiences and can create synthetic structures (Vosniadou, 2012). Even though a
synthetic concept may be scientifically incorrect, it still allows the student to advance in
the process of acquiring knowledge. A synthetic concept must have both internal
consistency and explanatory adequacy (Vosniadou & Skopeliti, 2014). For example, a
student comes to a formal education institution knowing that sugar melts in water. At
school, he encounters scientific knowledge that sugar dissolves in water. This case
creates a mental imbalance for the student. The student combines his prior knowledge of
the concept with scientific knowledge in order to get rid of the confusion that surrounds
him. As a result, when the student is asked how it is named when water and sugar are
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mixed, he is likely to say, “Sugar dissolves in water, and sugar disappears in water.”
This response proves the existence of the student’s synthetic structures.

Synthetic concepts are dynamic, not fixed. It constantly changes as students’
information systems evolve. In other words, when the student encounters new
information, the student’s knowledge structure is reinterpreted. This process continues
until complete conceptual change occurs. According to the relevant theory, conceptual
change in individuals occurs slowly and gradually. Additionally, in this process,
fragmentation and synthetic concepts may occur in students’ knowledge structures. The
relevant theory emphasizes that rather than telling students that their ideas are wrong
and need to be changed, it would be more productive to design instruction that will help
them understand that scientific explanations represent a different perspective with more
explanatory power compared to their initial understanding (Vosniadou & Skopeliti,
2014).

The other theory that examines students’ knowledge structures in the literature is
the knowledge in pieces structure conceptual change theory. According to this theory,
students have thousands of primitive ideas or understandings that they form as a result
of their daily lives, called phenomenological primitives (p-prims). Phenomenological
primitives are fragmentary and loosely organized. The fact that students’ knowledge
structures are fragmented and far from unity may cause them to give inconsistent
answers to similar questions about a concept. In addition, according to this theory,
students’ knowledge structures about a concept follows a process from a fragmented
structure to a scientific and consistent structure. The important factor emphasized in this
process is the increase in students’ knowledge of the relevant concept (Apaydin, 2014,
2020; Clark, 2006; diSessa et al., 2004; Kandemir & Apaydin, 2022; Ozdemir & Clark,
2007; Ozdemir, 2007; Ozdemir, 2018). For example, while a student can state that the
salt is dissolved in a salt-water mixture, he can conversely express that sugar melts in a
sugar-water mixture. However, dissolution occurs in both mixtures. Phenomenological
primitives cannot be removed or destroyed. The loose organization of
phenomenological primitives allows a gradual reformation of a student’s perception as
new information is gathered (Smith et al., 1994). In this theory mentioned before, the
student’s prior knowledge is valuable because it is emphasized that the advanced
knowledge could be reached gradually with the help of rearrangement of the student’s
prior knowledge. For this reason, they hold the opposite view against the perspective of
misconceptions, which is seen as something to be overcome for the development of
scientific perception (diSessa, 2014; Smith et al., 1994). According to this theory,
conceptual change is a long, gradual, and conceptual process (diSessa, 2014; Furlough
& Gillan, 2018; Ozdemir, 2018; Vosniadou, 2019). In the study, the development
process of students’ scientific and consistent knowledge structures regarding the
concepts of melting and dissolution will be discussed within the scope of knowledge in
pieces conceptual change theory and theory-like conceptual change theory.

In the literature, there is no longitudinal study that examines the development of
scientific and consistent knowledge structures of first, second, and third-grade students
in middle school related to the concepts of melting and dissolution. The research is
important in terms of filling this gap in the literature and teaching process of the
concepts of melting and dissolution. Although there is a long education and training
process starting from the 4th grade of primary school and continuing until the
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university, student knowledge structures regarding the concepts of melting and
dissolution may conflict with scientific knowledge (Kandemir & Apaydin, 2020;
Ramesh et al., 2020; Sen & Yilmaz, 2012). The middle school level was preferred in the
study because it constitutes the basis for the related concepts after the primary school
level; the scope of the related concepts expands at this level, and their teaching is
carried out in-depth and in detail. It is a known fact that students’ knowledge structures
about concepts are very important in the realization of meaningful learning (Kandemir
& Apaydin, 2022). Knowledge structures inform teachers about how students construct
concepts/concepts (Ozgul et al., 2018). In this direction, teachers also organize the
education and training process. Research is important in terms of helping teachers
organize the education and training process. In addition, it is observed that qualitative
research methods are used in the majority of domestic and foreign studies in the
literature, and the existing knowledge structures of students around a concept are
examined (Akman, 2013; Apaydin, 2020; Clark, 2006; diSessa et al., 2004; Ozdemir,
2018; Turceotte, 2012; Vosniadou & Brewer, 1992). It is noteworthy that quantitative
and longitudinal studies are scarce in the literature (Clark, 2006; @yehaug & Holt,
2013). It is expected to contribute to the literature about this issue as well. The aim of
this longitudinal research is to examine the process of development of scientific and
consistent knowledge structures about the concepts of melting and dissolution of first,
second, and third-grade students in middle school at the end of the education and
training processes carried out in educational institutions. Since the studies on the subject
in the literature focus on the knowledge in pieces conceptual change theory and the
theory-like conceptual change theory, the development of scientific and coherent
knowledge structures for the concepts of melting and dissolution has been examined
within the scope of two theories. In this context, the following research questions were
determined.

1. Is there a significant relationship between the class levels of the students and
the scores obtained from the students’ consistent and scientific knowledge structures
regarding the concepts of melting and dissolution?

2. Is there a significant difference between the scores obtained from the students’
consistent and scientific knowledge structures regarding the concepts of melting and
dissolution based on their class levels?

Method

Model of the Research

The research is panel research, which is one type of longitudinal survey research
model aiming to examine the development of students’ knowledge structures for the
concept of melting and dissolution at different class levels. In the related research,
measurements are conducted for the same individuals each time at different times. The
purpose of the measurements conducted in this way is to examine the changes in the
variable during a time process (Buyukozturk et al., 2016; Ozmen & Karamustafaoglu,
2019). In survey research, the existing situation is described and defined as the way it
exists in its own conditions, without a trial to change the situation (Karasar, 2015).
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Ethical Procedures

All procedures in this study were carried out in accordance with the decision of
the ethics committee of 19 Mayis University Social and Human Sciences dated
29.12.2019 and numbered 2019/455.

Participants

The research was conducted starting from the 2019-2020 academic year up to
the 2021-2022 academic year in a district of a metropolitan city in the Marmara Region.
The research was carried out with the participation of 43 middle school students. The
participants were determined by using the convenience sampling method, which is one
of the purposive sampling methods. In the convenience sampling sampling method, the
researcher chooses a situation that he or she can easily access (Yildirnm & Simsek,
2018). In other words, the researcher provides data from the participants that he can
easily reach. The method in question is very economical in terms of time, money, and
labor. It accelerates the research (Buyukozturk et al., 2016). A two-stage sampling
method was used to determine the participants of the study. First, a middle school was
selected among the 16 middle schools in the district using the lottery method. Then, two
classes were selected from the first grades of the selected middle school by lottery
method. The sampling method in both stages of the research was cluster sampling.

Data Collection Tools

In the research, open-ended questions about the concepts of melting and
dissolution, which were developed by the researchers in accordance with the grade
levels, were used (Appendix-1). Open-ended questions evaluate the development of
students’ knowledge structures within the scope of theory, like conceptual change
theory and knowledge in pieces structure conceptual change theory. While the
inconsistent answers given by the students to similar questions were evaluated within
the scope of the knowledge in pieces structure conceptual change theory, the consistent
answers given by the students to similar questions were evaluated within the scope of
the theory-like conceptual change theory. In the process of developing open-ended
questions, the literature was first reviewed (Apaydin, 2020; diSessa, 2008; Kandemir &
Apaydm, 2022; Ozdemir, 2018; Vosniadou & Brewer, 1992). Then, 10 open-ended
items suitable for each grade level were written. Then, the opinions of four field experts,
one measurement and evaluation expert, and six science teachers were taken to increase
content validity and reliability. Necessary corrections were made accordingly. In order
to determine whether the questions were understandable by the students, a pre-pilot
application was made to 20 students who would not participate in the research. At the
end of the application, feedback was received from the students that the test was
comprehensible. The open-ended questions prepared after this stage were applied
starting in the 2019-2020 academic year and until the 2021-2022 academic year. Data
were obtained by applying similar open-ended questions to the same students regarding
the concepts of melting and dissolution at all levels from the first grade to the third
grade of middle school. As the grade levels of the students changed, the open-ended
questions were rearranged according to the grade level. While preparing open-ended
questions at all grade levels, the process of developing open-ended questions above was
carried out repeatedly (Atilgan, 2009; Ozmen & Karamustafaoglu, 2019).
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Data Collection and Analysis

In this longitudinal study, the data was gathered by applying the relevant open-
ended questions to the same students three times, first in 2019, in 2020, and then in
2021, from the first grade of middle school to the third grade of middle school. If the
students’ knowledge structures of concepts are developed from a non-scientific
consistent structure to a scientifically consistent structure, they are handled according to
the theory-like conceptual change theory. If the students’ knowledge structures of
concepts show a development from a fragmented (inconsistent) structure to a
scientifically consistent structure, they are handled according to the knowledge in pieces
structure conceptual change theory. Data analysis of the study was started by entitling
the student answer sheets. The open-ended question forms were entitled as 101, 102,
103... 1043 for the students going through their education in the first grade of middle
school. The open-ended question forms were entitled 201, 202, 203... 2043 for the
students attending the second grade of the secondary school. The open-ended question
forms were similarly entitled as 301, 302, 303... 3043 for the students attending the
third grade of middle school.

Table 1
Rubric for Students’ Responses

Point Criteria

Scientifically consistent answers given by students to similar open-
1 ended questions regarding the same concept were given 1 point.
Examples of students’ responses are given below.

Non-scientific consistent and inconsistent answers were given 0
points. Examples of students’ responses are given below.

Scientifically consistent answers given by students to different open-ended
questions on the same concept were given one point. Non-scientific consistent and
inconsistent answers were given zero points (Table 1). In other words, the students were
asked different questions about concepts with the same answers. The consistency or
inconsistency of the students’ answers to these questions was examined and scored
accordingly. Students’ scientifically correct and consistent answers to the relevant
questions (consistency between the answers given to at least two questions) earned
points. Other answers did not gain any points.

Examples of students’ responses are given below.

Teacher: What happens to the sugar if water and sugar are mixed?

103: Sugar dissolves in water.

Teacher: What happens to the salt if water and salt are mixed?

103: Salt dissolves in water and breaks into small pieces.

In the first question, the student was asked what happens to the sugar in the
sugar-water mixture. In the second question, the student was asked what happens to the
salt in the salt-water mixture. In response to these questions, the student stated the
concept of dissolution. Thus, it was determined that the student answers were scientific
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and there was consistency among their answers. One point was given for a scientifically
consistent answer.

Teacher: What happens to the sugar if water and sugar are mixed?

1012: Sugar melts in water.

Teacher: What happens to the salt if water and salt are mixed?

1012: Salt melts in water and disappears.

In the first question, the student was asked what happens to the sugar in the
sugar-water mixture. In the second question, the student was asked what happens to the
salt in the salt-water mixture. The student gave the concept of melting in response to the
questions. Thus, it was determined that the student answers were not scientific, and
there was consistency among their answers. A non-scientific consistent answer was
given zero points.

Teacher: What happens to the sugar if water and sugar are mixed?

1036: Sugar melts in water and disappears.

Teacher: What happens to the salt if water and salt are mixed?

1036: Salt dissolves in water.

In the first question, the student was asked what happens to the sugar in the
sugar-water mixture. In the second question, the student was asked what happens to the
salt in the salt-water mixture. The student gave the concept of melting as an answer to
the first question and the concept of dissolution as an answer to the second question.
Thus, it was determined that there was an inconsistency between the student’s answers.
An inconsistent response was given 0 points.

Then, the data was put in the SPSS 22 data analysis package program. Then,
whether the data had a normal distribution or not was examined. According to the
results, it was understood that the data did not match with the normality criterion
(p<.05). After that, the Friedman test was used to determine whether there was a
significant difference between the students’ consistent and scientific knowledge
structures scores regarding the concepts of melting and dissolution according to their
level. As a result of the related test, a significant difference was observed between the
scores of the same group. Wilcoxon Signed Ranks Test was used in dual comparisons to
determine where the differentiation occurred between the groups. According to the test
results obtained, the score ranges used to evaluate the effect of the level variable on the
scores are as follows: The effect is low if 0.1<r; it is moderate if 0.3<r; and it is found
high if 0.5<r (Cohen, 2013). Also, Spearman’s rank correlation coefficient (rs) is used
to determine whether there is a significant relationship between the class level and
students’ scores of consistent and scientific knowledge structures regarding the concepts
of melting and dissolution. Those reasons are effective in the usage of the related
method: The data does not have a normal distribution, and one of the variables is at the
level of the ranking scale while the other one is at the level of the equally spaced scale.
The correlation coefficient ranges are as follows: high correlation is between 1-0.70;
moderate level is between 0.69-0.30; and low level can be attributed as between 0.29-
0.00. The determination coefficient is calculated by squaring the correlation coefficient
found (R?). Determination correlation helps to figure out how much a change in one of
the variables is explained by the other variable (Kilmen, 2015).
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Results

The research findings were examined within the scope of the knowledge in
pieces conceptual change theory and theory-like conceptual change in the development
of scientific and consistent knowledge structures of students for the concepts of melting
and dissolution.

Within the scope of the first research question, the existence or absence of a
significant relationship between the student class levels and the scores obtained from the
students’ consistent and scientific knowledge structures regarding the concepts of
melting and dissolution was investigated. Obtained findings are given below.

Table 2
Spearman’s Rank Differences Correlation Coefficient Test Results
Points
Class level  Correlation Coefficient .305
Sig. (2-tailed) .000*
N 129

*p<.05

According to the test result in Table 2, there is a moderate, positive, and
significant relationship between the class level of the students and the scores of
scientific knowledge structures (rs=.305, p<.05). According to this result, it can be
stated that as the student level increases, the students’ consistent and scientific
knowledge scores about the concepts of melting and dissolution increase. The
determination coefficient is calculated by squaring the correlation coefficient obtained.
R?=.305*.305=.09. Based on this result, it can be stated that approximately 9% of the
variability in the consistent and scientific knowledge structure scores can be explained
by the student class level variable.

Within the scope of the second research question, the scores obtained from the
consistent and scientific knowledge structures by the students related to the concept of
melting and dissolution were compared at the first, second, and third class levels of
middle school. The findings obtained in this term are given below:

Table 3

Friedman Test (X?) Results Between Different Class Levels

Class levels N Mean of Ranks sd x? P
Middle school first- 43 1.65 2 19.872 .000*
grade

Middle school second- 43 206

grade

Middle school third- 43 299

grade

*p<0.05
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According to the results of the analysis in Table 3, a significant difference is
found between the scores obtained from the students’ scientific and consistent
knowledge structures for the concepts of melting and dissolution in the first grade of
middle school, second grade of the middle school, and third grade of the middle school
(X?=19.872, p<.05). In order to find out between which grades this difference occurs,
dual comparisons are made between middle school first grade-middle, school second
grade, middle school first grade-middle school third grade, middle school third grade-
middle school second grade. Wilcoxon Signed Rank Test is used for dual comparisons.

Figure 1
Line Graph of the Mean of Ranks for Different Class Levels
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In Figure 1, it is observed that the mean rank of the middle school first grade is
1.65, the mean rank of the middle school is 2.06, and the mean rank of the middle
school third grade is 2.29. Based on these findings, it can be stated that students’
scientific and consistent knowledge structures about the concept of melting and
dissolution make progress slowly and gradually. In addition to that, as the class level
increases, it is observed that scientific and consistent knowledge structures about the
concepts of melting and dissolution increase, too.

Table 4

The Test Result of the Comparison of the Middle School First Class and Second Grade
Scores

Class levels N Mean of Sum of .
Rank Ranks P
Middle school first- Negative Ranks 12 5.50 5,50 -3.087 .002 46
grade Positive Ranks 13 7.65 99.50
Middle school
Ties 29¢

second-grade
Total 43

p<.05
a. Middle school second-grade<Middle school first-grade
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b. Middle school second-grade>Middle school first-grade
¢. Middle school second-grade=Middle school first-grade

When the test analysis results in Table 4 are examined, it is seen that 13 results
are positive, 29 results are equal, and one result is negative if the consistent and
scientific knowledge structures scores of the second-grade students in middle school are
subtracted from the consistent and scientific knowledge structure scores of the first-
grade students in middle school. Based on these findings, it can be stated that the scores
of the second-grade (middle school) students’ consistent and scientific knowledge
structures are higher than the knowledge structure scores of the first-grade students. In
addition, according to the Wilcoxon Signed Rank Test result, a significant difference is
found in the dual comparison between the consistent and scientific knowledge structure
scores of the second-grade students in middle school and the consistent and scientific
knowledge structures scores of the first-grade students in middle school (Z=-3.087,
p<.05 r=.46). In order to determine which class level is in favor of this difference, the
mean values of the rows are checked. A higher mean of ranks means higher scores.
While the mean row value for the measurements of the first graders in middle school is
= 5.50, the average row value for the measurements of the second graders in middle
school is = 7.65. Therefore, this difference is in favor of the consistent and scientific
knowledge structure scores of the second-grade students in middle school. In other
words, the student class level variable has a significant effect on students’ consistent
and scientific knowledge structures. This effect is moderate (r=.46).

Table 5

The Test Result of the Comparison of Middle School Third Class-Middle School First
Grade Scores

Mean of Sum of

Class levels N Rank Ranks Z p r
Middle school first- Negative Ranks 2¢ 7.50 15.00 -3.740 .000 .56
grade Positive Ranks 20° 1190 238.00
Middle school third- .
grade Ties 21

Total 43
p<.05

d. Middle school third-grade<Middle school first-grade
e. Middle school third-grade>Middle school first-grade
f. Middle school third-grade=Middle school first-grade

When the test analysis result in Table 5 is examined, it is seen that 20 results are
positive, 21 results are equal, and two results are negative as long as the consistent and
scientific knowledge structures scores of the first-grade students in middle school are
subtracted from the coherent and scientific knowledge structures scores of the third-
grade students in middle school. Based on this result, it can be stated that the consistent
and scientific knowledge structures scores of the third-grade students in middle school
are higher than the consistent and scientific knowledge structures scores of the first
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graders in the middle. Furthermore, according to the Wilcoxon Signed Rank Test result,
a significant difference is found between the consistent and scientific knowledge
structures scores of the third-grade students in middle school and the consistent and
scientific knowledge structures scores of the first graders in middle school (Z=-3.740,
p<.05, r=.56). In order to specify which class level is in favor of this difference, the
mean values of the rows are checked. A higher mean of ranks means higher scores.
When the mean of ranks for the measurements of the first graders in middle school is =
7.50, the mean of ranks for the third graders in middle school is = 11.90. Thus, this
difference is in favor of coherent and scientific knowledge structure scores of the third-
grade students in middle school. That is to say, the student-level variable has a
significant effect on students’ consistent and scientific knowledge structures. This effect
is high (r=.56).

Table 6

The Test Result of the Comparison of Middle School Third Class and Second Grade
Scores

Mean of Sum of

Class levels N Rank Ranks z p r
Middle school Negative Ranks 59 6.50 3250 -2173 030 .32
second-grade
Middle school third- Positive Ranks 12" 10.04 120.50

d )
grade Ties 26

Total 43

p<.05

g. Middle school third-grade <Middle school second-grade
h. Middle school third-grade>Middle school second-grade
i. Middle school third-grade=Middle school second-grade

When the test analysis result in the table is examined, it is seen that 12 results
are positive, 26 results are equal, and five results are negative if the consistent and
scientific knowledge structure scores of the second-grade students in middle school are
subtracted from the coherent and scientific knowledge structures scores of the third-
grade students in middle school. Based on this result, it is clear that the consistent and
scientific knowledge structure scores of the third graders in middle school are higher
than those of the second graders in middle school. In addition, according to the
Wilcoxon Signed Rank Test result, a significant difference is observed between the
consistent and scientific knowledge structure scores of the third-grade students in
middle school and the consistent and scientific knowledge structure scores of the
second-grade students in middle school (Z=-2.173, p<.05, r=.32). In order to determine
which class level is in favor of this difference, the mean values of the rows are checked.
A higher mean of ranks means higher scores. When the mean of ranks for the
measurements of the second graders in middle school is = 6.50, the mean of ranks for
the measurements of the third graders in middle school is = 10.04. Therefore, this
difference is in favor of coherent and scientific knowledge structure scores of the third-
grade students in middle school. In other words, the student-level variable has a
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significant effect on students’ consistent and scientific knowledge structures. This effect
is moderate (r=.32).

Table 7

The Number of Students Giving Consistent and Inconsistent Answers According to
Grade Level Regarding the Related Concepts

Middle school first- Middle school second- Middle school third-
grade grade grade

Number of students
who responded 5 18 30
scientifically consistent

Number of students
with non-scientific 13 10 9
consistent response

Number of students
with inconsistent 25 15 4
response

When Table 7 is analysed, it is observed that in the first grade of middle school,
the number of students giving scientifically consistent answers was five, the number of
students giving non-scientifically consistent answers was 13, and the number of
students giving inconsistent answers was 25. In the second grade of middle school, the
number of students giving scientifically consistent answers was 18, the number of
students giving non-scientifically consistent answers was 10, and the number of
students giving inconsistent answers was 15. In the third grade of middle school, the
number of students giving scientifically consistent answers was 30, the number of
students giving non-scientifically consistent answers was nine, and the number of
students giving inconsistent answers was four.

Discussion and Conclusion

In this part of the study, the findings obtained from the research questions are
compared with a few research findings in the literature. In the research, the findings
related to the scientific and consistent knowledge structure and the process of
development of the students regarding the related concepts were discussed within the
scope of the knowledge in pieces conceptual change theory and the theory-like
conceptual change theory.

Within the scope of the first research question, whether there is a significant
relationship between the students’ class levels and the scientific and consistent
knowledge structure scores related to the concept of melting and dissolution is
investigated. According to the findings in Table 2, there is a moderate, positive, and
significant relationship between student level and consistent and scientific knowledge
structure scores (rs=.305, p<.05). According to this result, it can be said that as the
students’ level increases, the scores of consistent and scientific knowledge structures
related to the concepts of melting and dissolution increase (Kilmen, 2015). In addition,
Table 7 shows that the number of students giving scientific and coherent answers
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increased as the grade level increased, which supports this finding. This research finding
indicates an increase in students’ scientific knowledge of the related concept, which is
one of the important factors in the formation of scientific and consistent knowledge
structures about a concept, and also stated in the related conceptual change theories.
Therefore, these findings are consistent with conceptual change theories (diSessa, 2014;
Vosniadou, 2012).

The scores obtained in the first, second, and third grades of middle school
regarding the scientific and consistent knowledge structures of the students are
compared within the scope of the second research question. According to the analysis
result in Table 3, a significant difference is found between the scores obtained from the
students’ consistent and scientific knowledge structures related to the concepts of
dissolution and melting in the first, second, and third grades of middle school
(X?=19.872, p<.05). Wilcoxon Signed Rank Test was used for dual comparisons
between the first and the second grade of middle school, the first and third grade of
middle school, the first and third grades of middle school, and the third and second
grades of the middle school in order to find out between which grades this difference is.

According to the first comparison results (Table 4), a significant difference is
found between the consistent and scientific knowledge structure scores of the second
graders of the middle school and the consistent and scientific knowledge structure
scores of the first-grade students of the middle school (Z=-3.087, p<.05, r=.46). This
difference is in favor of the consistent and scientific knowledge structure scores of the
second-grade students of the middle school with a high mean of ranks (Table 3). The
student-level variable has a significant effect on students’ consistent and scientific
knowledge structures. This effect is moderate (r=.46).

For the second comparison (Table 5), a significant difference is found between
the consistent and scientific knowledge structure scores of the third grade of the middle
school and the consistent and scientific knowledge structures scores of the first grade of
the middle school according to the test results (Z=-3.740, p<.05, r=.56). This difference
is in favor of the consistent and scientific knowledge structures scores of the third-grade
students of the middle school with a high mean of ranks (Table 4). The student class
level variable has a significant effect on students’ consistent and scientific knowledge
structures. This effect is high (r=.56).

In the third comparison (Table 6), based on the test results, a significant
difference is found between the consistent and scientific knowledge structure scores of
the third-grade students of the middle school and the consistent and scientific
knowledge structures scores of the second-grade students of the middle school (Z=-
2.173, p<.05, r=.32). This difference is in favor of the consistent and scientific
knowledge structure scores of the third-grade students of the middle school with a high
mean of ranks (Table 6). The student class level variable has a significant effect on
students’ consistent and scientific knowledge structures. This effect is moderate (r=.32).

When the findings obtained in the research and the graph in Figure 1 are
evaluated together, it can be stated that the students’ consistent and scientific knowledge
structures regarding the concept of melting and dissolution become more scientific and
consistent as the students’ class level increases. The findings of the research are in
harmony with the statement, “Students’ knowledge structures about a concept become
scientific and consistent as their knowledge about that concept increases,” which is
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emphasized in the knowledge in pieces conceptual change theory and the theory-like
conceptual change theory (diSessa, 2014; Vosniadou, 2012).

Moreover, when Table 4, Table 5, and Table 6 are examined, the closeness of
the mean of ranks indicates that the scientific and consistent process of students’
knowledge of the concepts of melting and dissolution takes place slowly and gradually.
This research finding is in harmony with the related conceptual change theories. Also in
the literature, Clark (2006), diSessa et al. (2004), Ozdemir (2007), Ozdemir (2018),
diSessa (2014), Smith et al. (1994), and Vosniadou (2012, 2019) state in their research
that scientific and consistent knowledge structures in students are formed as a result of a
slow, long and gradual process. These statements support the research findings.
However, when Sagdic and Sahin’s (2023) research on the phases of the moon is
compared to our study, it is observed that students make conceptual changes in a shorter
time. This contradiction can be attributed to the fact that many factors are effective in
conceptual change.

When Table 7 is analysed, it is seen that the number of students giving
inconsistent answers has the highest frequency among the first-grade middle school
students. It is also noteworthy that the number of students giving inconsistent answers
decreases as the grade level increases. In the related table, it is seen that the number of
students giving scientific and consistent answers increased, while the number of
students giving non-scientific and consistent answers did not change much. These
findings show that students’ knowledge structures about the related concepts
transformed from a fragmented structure to a coherent scientific structure. When all the
findings of the study are evaluated together, it can be said that the development process
of students’ knowledge structures for the related concepts is more compatible with the
knowledge process in the theory of the knowledge in pieces conceptual change theory.

In the longitudinal studies on the subject in the literature, @yehaug and Holt
(2013) conducted two years of longitudinal research and found that students’ knowledge
structures regarding the concepts of the substance and chemical reaction are fragmented
and inconsistent; it gradually develops towards an integrated and coherent structure.
Another research in the literature is Clark’s (2006) longitudinal study on students’
knowledge structures on the subject of thermodynamics. It shows that students’
knowledge structures about thermal equilibrium evolve from an inconsistent structure to
an integrated and consistent structure. The common finding of the studies given above
in the literature is that students’ knowledge structures become more scientific and
consistent over time. With the related finding, it can be stated that the mean ranks of the
students’ scientific and coherent knowledge structure scores in the related table (Table
2) obtained from the research show parallelism to the finding obtained from the first
grade of the middle school to the third grade of it.

Although there are few longitudinal studies within the scope of this subject in
the literature, there are some studies whose findings are compatible with our research at
different class levels. In the literature, Ozturk and Doganay (2013), in their research,
examined the students’ knowledge structures about the Earth’s shape and gravity from
the first grade to the fourth grade of the middle school. As a result of the research, they
came up with the result that there is an increase in the scientific and consistent
knowledge structures of the students from the first grade to the fourth grade of the
middle school. Bilir and Karacam (2021), who examined the knowledge structures of
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pre-service science teachers regarding the concept of chemical reaction, revealed that
the knowledge structures of the students become more scientific and consistent as the
education level increases. Durmus and Donmez-Usta’s (2020) research makes it clear
that the knowledge structures of the concept of melting are more scientific for fourth-
grade students compared to third-grade students. The study by Atasoy et al. (2020),
which includes all levels of primary school consisting of one hundred students for each
grade, demonstrates that their students’ knowledge of marine environments is parallel to
their education level. The common result of the studies above in the literature supports
the finding of this research: “As the education level of the students increases, the
knowledge structures of the students become more scientific and consistent.” The
relevant finding coincides with the characteristics of the scientific and consistent
knowledge development process of students stated by the relevant conceptual change
theories. Another study in the literature by Ulu and Ocak (2018) determined that the
knowledge structures of the fourth grade of primary school and the first grade of middle
school science lessons did not differ. This finding contradicts the research finding. This
contradiction can be attributed to the slow and gradual realization of the knowledge
structure development process when the mean ranks of the students are examined, as
found in our research findings (Table 3).

As the student class level increases, many factors can be effective in increasing
the scientific and consistent knowledge structures of the students. Relevant factors can
be expressed as follows: The field and pedagogical competence of the teacher who
guides the education and training process (Fulmer, 2013), the models, methods, and
techniques used in the education and training process (Sozcu & Aydinozu, 2018; Turk
at al., 2016), developing students’ theoretical reasoning skills as students’ cognitive
development shifts from concrete operations to abstract operations (Cepni, 2016;
Lawson, 1995), the increase in students’ knowledge about the concept and their
accessibility to scientific knowledge more (diSessa, 2014; Ozdemir, 2007; Ozdemir,
2018) and students’ reaching to sufficient or insufficient number of examples regarding
the concept (Saygili, 2015; Tas & Karatas, 2012).

It should be noted that the findings from the research are valid for the concepts
of melting dissolution and the participants taking part in the study. In another study,
different findings may be concluded about the melting dissolution or other concepts in
the science curriculum. As stated above, many factors are effective in increasing the
scientific and consistent knowledge structures of students about a concept. As
mentioned above, although this research is a longitudinal study, it does not show that
students’ conceptual change process for all concepts will be realized in this way.
However, all research on students’ knowledge structures contributes to a better
understanding of students’ knowledge structures, and teachers, who are the guides of the
teaching process, can design the teaching process in accordance with this process
(Sherin et al., 2012). As a natural consequence of this situation, it becomes easier for
students to learn concepts in a meaningful way and to acquire scientific and coherent
knowledge structures.

In summary, the findings of the research are found parallel to the statement,
“Students’ knowledge structures about a concept gradually and slowly become scientific
and consistent as their knowledge about that concept increases,” which is emphasized in
the knowledge in pieces conceptual change theory and the theory-like conceptual
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change theory. When all the research findings are evaluated together, it can be said that
the development process of the students’ knowledge structures for the related concepts
is more in line with the knowledge in pieces conceptual change theory.

Suggestions

Based on the results obtained, conceptual change theories can be taught to
prospective teachers in education faculties as a course at the undergraduate level. By
signing a protocol between the Ministry of National Education and the Higher
Education Board, in-service training on the theories of conceptual change can be given
to teachers. Science curricula and textbooks can be arranged according to conceptual
change theories. Similar longitudinal studies could be carried out by increasing the
number of participants and length of the research period for other concepts in the
science curriculum.
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Appendix-1

Open-Ended Questionnaire for the Concepts of Melting and Dissolution
(Question Examples)

Note: Conditions are equal.
1. (A) What happens to the sugar if we put a sugar cube in the graduated cylinder and
mix it?

3. (A) Where do you think the sugar mixed in the graduated cylinder is? How do you
prove the presence or absence of sugar?

5. (B) Where do you think the salt mixed in the graduated cylinder is? How do you
prove the presence or absence of salt?
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7. What can be said about the mass of the sugar if we put a sugar cube into a graduated
cylinder with water and mix it?

8. What we put a sugar cube into a graduated cylinder with water in it and mix it, what
can be said about the volume of the sugar?

9. There are two differently graduated cylinders with the same amount of water and the
same temperature. First, the same amount of sugar cubes were placed into these
graduated cylinders. Then, some water with the same temperature was added into one of
the graduated cylinders. Accordingly, in which graduated cylinder does the sugar
dissolve faster?

10. If we put the same amounts of rock salt and powdered salt into two different
graduated cylinders containing the same amount of water at the same temperature, in
which graduated cylinder will the salt dissolve faster?
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ABSTRACT: To comprehend the perspectives of school and university mentors in evaluating practicum experiences
based on educational reform, this study aimed to investigate the feedback, within the framework of pedagogical
content knowledge, provided by two cooperating teachers and a university supervisor to preservice teachers.
Observation and document were used for data collection. Data collected within the context of the Teaching Practice
course were analyzed deductively, considering the components of pedagogical content knowledge. Findings showed
that although feedback given by mentors was positive or corrective, specific changes suggested by mentors about the
preservice teachers’ teaching practices were rather corrective. Although mentors’ feedback seems to be concentrated
in the fields of ‘instructional strategies and representation’ and ‘pedagogy,’ the majority of feedback provided in
other PCK components points out those mentors focused on student learning within the knowledge of ‘student
understanding’. Feedback indicated that mentors especially attached importance to students’ understanding of the
subject and active participation in the learning, which are the goals of a science teaching program. The other aims of
teaching based on inquiry and students’ self-responsibilities in learning seemed to be in the background. Although
mentors’ feedback pointed out some differences in the categories of curriculum and assessment, they were consistent
in general.

Keywords: Feedback, pedagogical content knowledge, university supervisor, cooperating teacher, science, preservice
teacher, teaching practice.

OZ: Reformlara dayali &gretmenlik uygulamalarmi degerlendirmede okul ve iiniversite damismanlarinm bakis
acilarini anlamak amaciyla bu calisma ile iki uygulama 6gretmeni ve bir uygulama 6gretim elemaninin fen bilimleri
O0gretmen adaylarma pedagojik alan bilgisi kapsaminda verdikleri geribildirimlerkarsilagtirilmigtir.  Gozlem ve
dokiiman veri toplama araglar1 olarak kullamlmistir. Ogretmenlik uygulamasi dersi kapsaminda toplanan veriler
pedagojik alan bilgisi (PAB) bilesenleri dikkate alinarak tiimden gelimli igerik analizi ile ¢oziimlenmistir. Bulgular
danigmanlarin hem negatif (diizeltici) hem de pozitif geri bildirimler vermelerine kargin, adaylarin 6gretimlerine
iliskin detayli 6nerilerinin ¢ogunlukla diizeltici yonde oldugunu gostermistir. Danigmanlarin geri bildirimleri ‘6gretim
yontemleri ve sunum’ ile ‘pedagoji’ bilesenlerine odaklanmis gibi goriinse de, tiim kategorilerdeki geri bildirimlerin
‘ogrenci anlamasi’ bileseni ¢ergevesindeki 6grenci 6grenmesine odaklandigi sonucuna varilmstir. Geri bildirimlerin
fen Ogretim programinin amaglarindan ozellikle 6grencilerin konuyu anlamalart ve 6gretim siirecine aktif olarak
katilmalar ile ilgili oldugu, sorgulamaya dayali dgretim ve Ogrencilerin kendi 6grenmelerinden sorumlu olma
amaglarinin geri planda kaldig1 goriinmektedir. Danismanlarin geri bildirimleri, program ve degerlendirme bilesenleri
icin bazi farkliliklar gosterse de genel olarak uyumlu gériinmektedir.

Anahtar kelimeler: Geribildirim, pedagojik alan bilgisi, uygulama 6gretim elemani, uygulama Ggretmeni, fen,
6gretmen aday1, 6gretmenlik uygulamasi.
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Developments in science and technology, changing needs of individuals and
society and improvements in learning/teaching approaches require changes in
expectations from students, preservice teachers, teachers, and teacher educators.
Students are expected to grow up as individuals who can use information functionally,
solve problems, and inquire. The science curriculum requires primary school teachers to
ensure the active participation of students in the learning process as they are responsible
for their own learning and to use learning strategies based on inquiry and knowledge
transfer (Ministry of National Education [MoNE], 2018a). The reflection of
reforms/innovations in the field of education to the learning environment is closely
related to the qualifications and competencies of the teachers who guide this process.
Teachers who will train students with these qualifications have to design the education
process effectively and have professional skills as well as deep knowledge in their field.
MoNE (2017), which has the feature of reference text in the regulation of the
curriculum of higher education institutions that train preservice teachers in Turkey, in
the preservice teacher training process and in the candidacy processes such as teaching
practice, is defined as ‘professional knowledge’, ‘professional skills’ and ‘attitudes and
values’.

Pedagogical content knowledge (PCK) in the field of professional knowledge is
seen as a teacher’s ability to organize the concept or the subject according to the
characteristics of learners and learning environments. PCK was described by Shulman
(1987) as a special amalgam of content and pedagogy, and his definition includes two
components: knowledge of instructional strategies and knowledge of students’
understanding of the topics. This classification was extended by various research with
other components, i.e., pedagogical knowledge, curriculum knowledge, and assessment
knowledge (Jing-Jing, 2014). According to general competencies for teaching
profession (MoNE, 2017), teachers should have professional knowledge and exhibit the
knowledge and skills to deliver instruction effectively.

It is expected that preservice teachers (PTs) would develop and integrate their
knowledge, skills, and attitudes gained in theoretical courses in the teacher training
programs. The practicum field experience in teacher education is one of the major steps
and influential factors in the preparation of preservice teachers (Badger, 2012;
Steadman & Brown, 2011; Vertemara & Flushman, 2017). It gives PTs an opportunity
to apply the theoretical concepts learned in the university classroom to the
primary/secondary school classroom (Eck & Ramsey, 2019) and establish collaborative
contexts for interactions among preservice teachers (PTs), cooperative teachers (CTs)
and university supervisors (USs) who are putting into practice the ways of thinking,
doing, and speaking advocated by reform documents (Van Zee et al., 2003). Throughout
this experience, the PTs interact with the CT and the US, forming a cooperative triad
that has a corrective role in implementing educational reform (Asplin & Marks, 2013).
PTs are in a position to function as agents of reform, and mentors have a noticeable role
in determining whether novices enact desired reform-based teaching practices and help
spread these practices in their schools (Davis et al., 2006; Koballa & Bradbury, 2012).
Because mentors are especially important in helping PTs to reflect upon their teaching
and in providing access to a range of knowledge areas to assist PTs in their professional
development, mentoring has come to be viewed as a means of reforming science
teaching (Clarke et al., 2014; Koballa & Bradbury, 2012; Sandvik et al., 2019). USs
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who serve as mentors share the responsibility of guiding PTs with CTs about reform-
based science teaching and creating a connection between the practice schools and the
university by visiting the schools (Vertemara & Flushman, 2017). They are expected to
support PTs’ implementation of theories learned in coursework with appropriate
feedback to provide and enrich learning and skill development opportunities in the final
stage of teacher preparation (Fernandez & Erbilgin, 2009; Hudson, 2014; Steadman &
Brown, 2011). Although each group in the cooperative learning triad has a distinctive
and complementary role to play in the teaching experience, the working relationship
between them should be a close one that embodies parity of esteem and respects the
contributions of all the partners (Gonzalez-Toro et al., 2020). However, the practicum
field experience is generally criticized (Grudnoff, 2011; Wilson, 2006) about the lack of
partnership contacts between CTs and USs (Portelance et al., 2016; Sim, 2010), how
theory and practice are reconciled in field experience (Allen et al., 2010; MacDougall et
al., 2013) and a relative consensus between USs and CTs over what constitutes proper
performance, professionalism and practice for maintaining professional consistency
(Darling-Hammond, 2006). For example, even if PTs enter the classrooms with reform-
based ideas about teaching and guided by CTs who rather value traditional notions of
science teaching, the guidance constrains innovation and shapes the new teacher to fit
the norms of the school (Bradbury & Koballa, 2007; Wilson, 2006). A few of the
reasons for this are that PTs believe that classroom teachers have more realistic
experience than their education faculty tutors, who are viewed as inspectors rather than
collaborative partners (Asplin & Marks, 2013). For these reasons, it can be said that
science teaching orientations of PTs affected shaped in the direction of reform-based
approaches in teacher training programs are open to changes under the influence of CTs
not meeting the expectations of reform-based science curriculum (Bates & Burbank,
2008; Hanuscin et al., 2011). On the other hand, it is emphasized that the role of the CT
within the triad is secondary because the university is the final authority in the PTs’
success (Clarke et al., 2014; Van Zee et al., 2003). Although the roles CTs and USs are
distinct and/or changing, they are complementary in that the combination of their
respective specific characteristics allows for consistency in student training (Burns et
al., 2016; Portelance et al., 2016). For this, in a practicum experience, professional
consistency is important for USs and CTs to share a relative consensus over what
constitutes proper performance, professionalism, and practice (Darling-Hammond,
2006; Smith & Lev-Ari, 2005).

Regulation on the Teaching Practice of PTs in Educational Institutions affiliated
with the Ministry of National Education requires each PT to receive teaching practice at
the appointed school under the guidance of an experienced teacher by means of
‘Teaching Practice’ courses taken. When the Teaching Practice course is completed,
PTs will be able to reach the competencies of the teaching profession by teaching
classes with various levels in the practice school. PTs are evaluated at least four times
each semester under the supervision of the CT and the instructor (MoNE, 2018b). The
number of PT must be a maximum of four for school teachers and a maximum of eight
for instructors. The CT evaluates the performance of the PTs in teaching experience
with a weight of 70% and by the US with a weight of 30%. Although this regulation
aimed to obtain coordination between CT, US, and PT in practice school activities,
research studies on teaching experience in Turkey pointed out a lack of communication
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and cooperation between the CTs and USs (Arkiin-Kocadere & Askar, 2013; Polat et
al.,, 2020; Topkaya et al., 2012) and PTs’ concerns arising from gaps between
supervisors and mentors’ expectations (Paker, 2008). Inconsistency between the CTs
and the USs and multiple perspectives suggested during the teaching experience by
mentors can lead to conflicting messages for the PTs (Hudson, 2016; Tillema, 2009;
Yayli, 2008). It is clear that to reinforce the reform-based teaching practices espoused in
the preservice program for the school context, there should be close partnerships
between universities and schools (Bradbury, 2010). Despite the emphasis on the need
for harmonization between the interventions of CTs and USs (Portelance et al., 2016),
certain obstacles, such as summative examinations consisting of memory recall, are
inconsistent with learner-centred education with its origins in constructivism advocated
by changed science curricula causes inconsistencies between them (Hume & Coll, 2007;
Ranade, 2008). However, even if educational reforms match assessment methods,
adequate teacher professional development is required to implement new curricula (Coll
& Taylor, 2012). For instance, CTs need to know how to continue with the teaching
practice in the new curriculum, i.e., what learner-centered education actually means in
terms of teaching practice. Becoming a CT in the triad partnership provides an
opportunity to reach new knowledge and tenets of reform-based science teaching as a
result of interaction with faculty tutors (Clarke et al. 2014). This is an important aspect
of the professional development of experienced science teachers who agree to serve as
CTs but who might not be well-versed in the tenets of reform-based science teaching
(Koballa & Bradbury, 2012).

One of the most effective ways to investigate the efforts of mentors to promote
reform-based science teaching would be by examining feedback from CTs and USs
following a teaching episode (Burbank et al., 2016; Sim, 2010; Tarekegn et al., 2020).
PTs value feedback from CTs and USs within the frame of practicum field experience
because they contribute to their perception of instruction, subject matter, and student
learning and may affect a PT’s decision to change or develop a practice (Hudson, 2016;
Smith & Lev-Ari, 2005). With effective scaffolding and feedback, PTs can move from
simplistic perspectives about the causes of classroom events to more expert
understandings of how aspects of teaching and student development influence learning
(Badger, 2012). Performance-based feedback to PTs is especially directly related to
observed actions, and they are effective in practicum field experience, which improves
teaching activities (Cornelius & Nagro, 2014). In spite of feedback providing is claimed
to be useful in developing the teaching skills of PTs and making them competent
(Chawla & Thukral, 2011; Hattie & Timperley, 2007; Tarekegn et al., 2020), some USs
and CTs participating in mentoring did not supply enough feedback (Polat et al., 2020;
Saka, 2019). Studies on feedback from USs and CTs (Nguyen, 2009; Gonzalez-Toro et
al., 2020; Tillema, 2009; Puttick & Wynn, 2020; Won et al., 2019) emphasized that the
importance of training USs and CTs on how to effectively provide feedback. For
example, Nguyen (2009) showed that the triad members were able to create a supportive
environment when they communicated their areas of strengths and improvement to
preservice teachers in a timely manner. Because immediate feedback reduces the
practice of errors and provides correction before it is forgotten (Scheeler, 2008),
examining feedback from school-based and university-based mentors concomitantly in
teaching placement suggests that collect data of various triad meetings to more deeply
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examine the giving/receiving of feedback by each member (Won et al., 2019). In this
scope, while some studies focused on the feedback of cooperating teachers (Eck &
Ramsey, 2019; Gurl, 2019; Jones et al., 2014; Matsko et al., 2020), others on university
supervisors (Asplin & Marks, 2013; Bunton et al., 2002; Holbrook, 2022; Kastberg et
al., 2020; Ritter et al., 2011). Research focusing on mentors’ feedback pointed out that
differences in mentor feedback can be a mismatch in mentors’ expectations (Bradbury
& Koballa, 2007; Hudson, 2014, 2016; Soares & Lock, 2007; Tillema, 2009). For
instance, Soares and Lock (2007) demonstrated the differences in feedback provided by
supervisors, with classroom management as a stronger focus than content knowledge or
references to the lesson objectives. Kahan et al. (2003) compared the feedback profiles
of CTs supervising the same PT and revealed different reasons for divergent feedback
profiles. Because feedback influencing PTs’ professional development reflects mentors’
ability to review lesson plans, observe teaching, and provide constructive criticism
about the teaching process (Hudson et al., 2005; Tarekegn et al., 2020), investigating the
lesson observation feedback will give insight into the perspectives of CTs and USs.
Therefore, this study aimed to investigate what feedback based on observation from
CTs and the US provided for PTs to understand the perspectives of school and
university-based mentors. Therefore, answers were sought for the following research
questions:

1. What kind of feedback within the scope of PCK components did cooperating
teachers and university supervisors provide to science preservice teachers?

2. To what extent is the feedback provided by cooperating teachers and
university supervisors consistent?

Method

Because the aim of qualitative research is to examine natural environments
without any special arrangement (Patton, 2014), in this work, a case study is adopted
where an event is examined within its borders without any external interference and
related behaviours (Yin, 2003).

Setting and Participants

The study was conducted in collaboration with two CTs in a state primary
practice school and a US from the Faculty of Education. The CTs were assigned by the
school administration, and the US was the mentor responsible for six PSTs who
attended the Teaching Practice course of this practice school in the last semester of the
training program. Because the US guiding PSTs were appointed by Faculty
management and CTs were assigned by the school administration, the participants were
selected using the convenience sampling method. One of the cooperating teachers, CT1,
graduated from the faculty of education and had 12 years of teaching experience in state
schools. The other, CT2, who completed his master’s degree in science education and
continued his Ph.D. studies in biology education, had 11 years of teaching experience in
state schools. The US, who was also the researcher of this study, possesses 12 years of
teaching experience in various state schools. This includes roles as a physics teacher in
high and vocational high schools, a science teacher in primary schools, and five years of
experience in the faculty of education. The PSTs in group CT1 were PST1, PST2, and
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PST3, and those in group CT2 were PST4, PST5, and PST6. The teaching practices of
the PSTs occurred at CTs’ lecturing sessions and 5th, 6th, 7th, and 8th grade levels.

Data Collection

Observation and document were used as data collection instruments. The
researcher, US, and two CTs observed the teaching practices of PSTs simultaneously
during the lesson. Although the Faculty of Education recommended the use of
structured observation forms for mentors, including some competencies such as
presentation skills, subject matter, use of technology, and diversity in teaching, in this
study unstructured observations was preferred to obtain flexibility for participants to
emphasize the professional knowledge areas such as subject matter, pedagogical,
curriculum. The participants took field notes during their observations and gave
comments and feedback on PSTs’ instructions. Each PST’s instruction was observed for
two lesson hours by the responsible CT and US. Table 1 shows the subjects taught and
the teaching styles of PSTs.

Table 1
Observed Teaching Styles and Subjects of PSTs
PSTs Subjects Description of Teaching
She started a discussion on a case using a question-answer method,
Central nervous presented the subject via lecturing, had students do an activity of creating
system a nervous system model in the elaboration, and used a worksheet in
evaluation.
PST1
She made an introduction by giving an example from life, had students
Reproductionand  play a game on amphigenesis in the exploration stage, presented the
growth in animals  subject via lecturing, had students use drama in the elaboration, and
requested students to write a related poem in evaluation.
In the beginning, she had a few students perform an activity, started a
discussion on this activity in the exploration, explained the subject via
Sense organs . . . . .
lecturing, played a video in the elaboration, and organised an
instructional game in evaluation.
PST2

She made an introduction using a material, had students experiment with
the exploration, discussed the results with students, presented a video in
the elaboration, and requested students to write a related poem in
evaluation.

Refraction of light

She had an introduction with examples from life, did an experiment first
by herself and then with groups of students, discussed the data and
results with students, explained the subject, presented a video in the
elaboration, and used an instructional game in evaluation.

PST3 Lenses

He made an introduction with question-answers, had a group of students
perform experiments, requested students to develop arguments about
Refraction of light  results and make discussion, explained the subject via video, made a
demonstration experiment in the elaboration, and used worksheets in
PST4 evaluation.

Following the solution of the questions in the worksheet together with
students, he continued answering the evaluation questions in the
computer environment with students.

Electric Circuit
Elements
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He started the lesson with question-answers and discussion, activated an
Bio-diversity instructional game in the exploration, and presented the subject via
lecturing. The lesson expired.

PST5 Growth and He started the lesson with question-answers. He did a demonstration
experiment on germination in the exploration but was not able to

Development of . . . . .
Plants complete it due to failure in planning and shifted to the smart board for

the explanation, elaboration, and evaluation cycles.

He started by exposing a model of a flower, allowing student groups to
Agamogenesis and  explore the model, explaining the subject with examples, having students
Amphigenesis use drama for pollination in the elaboration, and urging students to solve
a puzzle in evaluation.

PST6

The other data collection instrument was the documents of field notes, including
feedback provided to PSTs by the CTs and the US. Field notes consisting of two parts,
descriptive and reflective information taken during observations, are widely
recommended in qualitative research as a means of documenting the needed contextual
information (Phillippi & Lauderdale, 2018). Field notes mentioned in this study were
records of PTs’ activities and their evaluation by the CTs and the US. Because CTs here
generally preferred giving verbal feedback to PTs, the researcher requested the CTs give
written feedback following lesson observation (Kastberg et al., 2020; Puttick & Wynn,
2020; Schwartz et al., 2018).

Data Analysis

Whether a deductive or an inductive approach is used in the analyses of data
depends on the research questions and the general aim of the study (Elo & Kyngis,
2008). Inductive approaches are often used when there is little knowledge about the
phenomenon, while deductive approaches are used on the basis of previous studies and
knowledge. In this study, data were analysed with deductive coding. Firstly, the
statements in documents ‘she talked to a certain group of students, other students were
left on her backside causing some feeling of distraction’ or ‘while solving problems on
the blackboard let us talk to the whole class, not to a few students’ was coded as
‘concentrating on specific students’ and therefore were labelled as positive or corrective
feedback. Positive feedback (PF) increases supervisees’ confidence by pointing out their
knowledge and skills, thus contributing to the competence perceived by those
supervisees (Komiskey & Hulse-Killacky, 2004). Corrective feedback (CF), sometimes
referred to as negative, is a term that clearly indicates a desire for a specific change in
the student teachers’ practice (Bjerndal, 2020). Then, these codes were associated with
professional knowledge categories, i.e., subject matter knowledge, pedagogical
knowledge, and curriculum knowledge. Through these codes, six professional
knowledge categories corresponding to components of PCK were generated. For
example, ‘selection of efficient and appropriate activities (IS14)’ was categorized in
instructional strategies and representation, and ‘classroom management (P5)’ was in
pedagogy, as seen in Table 2. Table 2 shows the six PCK components: subject matter,
pedagogy, assessment, curriculum, student understanding, and instructional strategies.
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Table 2

PCK Components and Feedback Codes

SM;

SM;

SM;3

Subject Matter

SMy

SMs
P1
P2
Ps

P4

Ps

Ps

Pedagogy

P7

Ps

Pg

P10

SU;

SU,

SU3

SU4

SUs
SUs

Student Understanding

SUy

SUs

SUg

Giving incorrect knowledge
Being unable to answer student’s
question or fudge

Confusion of concepts

Satisfactory subject matter
knowledge

Deficient concept mapping

Tone of voice

Calling the student by name
Concentration on specific students

Standing at a specific place in the
classroom

Classroom management
Monotone speech
Consistency in behaviour

Walking around the class

Being fair to students

Turning back to the class
Present the subject fast
Speaking fast

Emphasizing important points
Examining students’ prior
knowledge

Giving enough time to students

Giving contradictory knowledge

Present concepts not included in
the subject

Presenting the subject in the
correct order

Giving explanation during the
examination of the prior
knowledge

Instructional Strategies

Assessment

Curriculum

and Representation

1S1

1S;

1S3

1S4

1S5
1Se
1S7
1Sg

1Sg

1S10

1S11

1S12

1S13

1S14

IS15

As

C:

C,

Preparing an effective lesson
plan

Teaching in accordance with the
lesson plan

Using educational technology
Using the course book

Using the blackboard effectively
Summarizing the subject
Daily examples

Organizing various activities
Effective use of visuals or videos

Doing or promoting experiment

Presenting the subject in a
prescribed time period

Having students take notes

Clear activity/experiment
directives

Selection of efficient and
appropriate activities

Group working

Preparation of materials for
assessment

Using materials for assessment

Asking for information, not
commenting during teaching

Involving all students in the
assessment

Suitable assessment

Lesson plan incompatible with
curriculum

Teaching incompatible with
curriculum
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Role of the Researcher

The researcher is the US who is one of the participants in this study, and she was
the complete participant contributed to the internal validity by taking on the role of an
insider, becoming a member of the group being studied, and spending a sufficient but
not too long to cause bias a time with PSTs (Christensen & Johnson, 2004). Because she
is a member of the natural environment, it is believed that the effects of the researcher’s
existence are limited. At the same time, her long-term experience as a science teacher in
public schools contributed to her communicating effectively with CTs.

Researchers have taken some measures to ensure the trustworthiness of this
study. Observations were made in different parts of the classroom so that the CTs and
the US could independently reflect their own interpretations without being influenced
by each other’s thoughts. To mitigate the interpretive bias of a single researcher, the
analysis of data was started after all data were gathered (McAlister et al., 2017). The
researcher returned to the data at other times for intracoder reliability, which refers to
consistency in how the same person codes data at multiple time points and transparency
in the process of coding and creating thematic structures (O’Connor & Joffe, 2020).

Ethical Procedures

The search was approved by the Ethics Committee of Giresun University
(Approval No: 2021/14-23).

Results

Findings on mentors’ feedback are presented below as two subsections titled
‘Feedback from the Cooperating Teacher 1 and the University Supervisor’ and
‘Feedback from the Cooperating Teacher 2 and the University Supervisor’. Table 3 and
Table 4 show the feedback given by CTs and the US to all PSTs and their categories of
PCK components.

Feedback from the Cooperating Teacher 1 and the University Supervisor

In this section, feedback from the cooperating teacher 1 (CT1) and the university
supervisor (US) for preservice teachers (PST1, PST2, and PST3) are presented.
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Table 3
Feedback of CT1 and US to PST1, PST2, PST3 and Related PCK Components

Feedback Type of Feedback Type of
pgy  Category of PCK Cooperating Teacher 1 University Supervisor ~ Feedback
Component Frequency
Positive Corrective Positive Corrective
Subject Matter SMi, SMs SM; 3
Pedagogy P1, P2 P3, Pa, Pg P1, P2, P3 P4, Ps 10
Instructional 1S4, 1Sy,
Strategies 1S4, 1Sy, | 1S4,
= g _ S 182 15 ! ISs 13
o and Representation 1Sg, ISs 1S, ISs,
1S7
Student SUy, SUs, 5
Understanding SU, SUy, SU,
Assessment Ay As Ao 3
Subject Matter SMy, SM;3 SMy, SM, 4
Pedagogy Py, P2 Ps, Ps, Ps P1, P2 Ps3, P4, Ps 10
Instructional ISz, ISs,
o Strategies 1S, ISg 1S13 1Ss, 1S3, 1S13 10
2 and Representation 1Ss, 1Sy
Student 1
Understanding SUs
Assessment Az Ay 2
Subject Matter SMy SMy SM; 3
P1, P2, Ps, P2, P4, Ps, 11
Pedagogy Ps Py P4 P, .
o Instruct_lonal 1Sy, 15,, 1S4, 1Sy,
5 Strategies ISe. IS 1S11, 1S12 1S3, 1Ss, ISs, 1S13 14
“ and Representation % 910 1Ss, 1S10
Student
. 2
Understanding SUs SUs
Assessment A, A4 A 3
Total Feedback Frequency 24 22 27 21

According to Table 3, the feedback of CT1 and US was positive and corrective
in type. Although the number of feedback given by the two mentors was the same on
average, the number of positive feedback supplied by US was higher than that of CT1.
It is seen that feedback from the supervisors was concentrated in the categories
‘instructional strategies and representation’ and ‘pedagogy.’

The Category of Instructional Strategies and Representation

In this category, while CT1 gave positive feedback to PSTs on preparing an
effective lesson plan, teaching according to the lesson plan, using the course book,
summarizing the subject, effective use of visuals, and doing the experiment, the US
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gave positive feedback (PF) also on using educational technology and blackboard
effectively, talking on daily examples and organizing various activities:

At the end of an inquiry-based experiment carried out on the refraction of light, PST2 wrote the
comments on observations of each group on the blackboard and compared the results. She
explained and summarized the correct result attained (US, PF, 1Sg).

PST1 used the blackboard and the textbook; it was positive (CT1, PF 1S, ISs).

CT1 and US gave the same corrective feedback on using educational technology
and clear activity/experiment directives:

For PST1, using computer-stored figures would be better since she was not good at drawing
figures. Unrealistic figures may lead to incorrect learning for students (US, CF, IS3).

PST2, by giving deficient information about how the presentation and activities would be done,
hindered students’ effective participation in and enjoyment of the activity (CT1, CF, 1S13).
Different corrective feedback provided by the supervisors were on presenting the
subject in the prescribed time period, having students take notes during lessons, and
using the blackboard effectively:
PST3 did not have students take notes in their notebooks (CT, CF, 1S12).

PST3 drew three different figures of lenses side by side and asked students what kind of lens
each figure represents. She did not name the figures as 1, 2, or 3, so the students had to refer to
them as ‘this,” ‘that,” etc., causing confusion (US, CF, ISs).
The richest feedback supplied by mentors was seen in the category ‘instructional
strategies and representation,” and the category of pedagogy followed this.

The Category of Pedagogy

The feedback in the category of pedagogy was concerned with monotone
speech, tone of voice, calling the student by name, being interested in specific students,
standing at a specific region in the classroom, classroom management, consistency in
the behavior, walking around the classroom and being fair to students. Positive feedback
of CT1 and US was mostly related to the tone of voice and calling students by name:

Tone of voice of PST2 was good (CT1, PF, P;)

The positive feedback given by CT1 in this category, who gave more positive
feedback than the instructor, was related to ‘concentration on specific students’ and
‘being fair to students’:

PST3 gave students the right to speak as equally as possible (CT1, PF, Pg)

Supervisors gave corrective feedback to PSTs, especially about concentration on
specific students, standing at a specific place in the classroom, and classroom
management:

While PST2 talked to a certain group of students, other students were left on her backside,
causing some feeling of distraction (CT1, CF, Ps).

PST1 spent much of her time near the table and the blackboard without walking in the
classroom (US, CF, Py).

Feedback from CT1 and the US to PST2 and PST3 about clear
activity/experiment directories in the instructional strategies and representation category
are also related to pedagogy. US emphasized that the reason for the trouble PST3, who
was generally successful in classroom management in lab activities, was that she did not
provide clear experimental directives:
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Before starting an activity... you can explain each stage of it and write down some steps...
Thus, you don’t have to repeat the same explanation to every group; also, other students will
not be idle when you’re busy with a group (US, CF, 1S13).

The Category of Subject Matter

The feedback in the category of subject matter was about giving incorrect
knowledge, being unable to answer student’s question or fudge, confusion of concepts
and satisfactory subject matter knowledge. All feedback in the category ‘subject matter’
to PSTs, except PST3, was corrective because mentors reported that PSTs did not have
rich subject matter knowledge:

PST2 was not able to satisfactorily answer the student’s question, ‘where is the eardrum
exactly?’. Similarly, she said, ‘we would have seen objects in two dimensional if we had only
one eye’ (US, CF, SMy, and SMy).

PST1 made some explanations that would cause misunderstandings among students. For

example, she said that the bat was a bird. A bat is a mammal. She had difficulty in answering

students’ unexpected questions because she probably learned by reciting (CT1, CF, SMy).
CT1 and US gave the same positive feedback for PST3:

Subject matter knowledge of PST3 is satisfactory (US, PF, SM.).

The Category of Assessment

Mentors gave a small amount of feedback in the ‘assessment’ and ‘student
understanding’ categories. While the US focused on preparation and use of materials for
assessment and only gave positive feedback in the category ‘assessment,” CT1 added
feedback about ‘involving all students in assessment.” The corrective feedback in the
category of ‘assessment” was supplied only by CT1:

PST1 prepared a worksheet for evaluation, but the questions in the worksheet are of lower
level. She had to ask selective and specific questions (CT1, PF, CF, As).

The Category of Student Understanding

All feedback in the student understanding category was corrective, and two
mentors supplied similar corrective feedback to the PTSs. For example, both of them
stated that quick presentation of PST1 affected student understanding negatively:

Presentation of the subject has to possess integrity and hierarchy. PST1 shifted from one
concept to another, and this created confusion in student’s minds (CF1, CF, SUj3).

In the presentation of the subject, a procedure from simple to complex should be followed.
PST1 implemented his lesson plan and prepared for two hours within one hour; she was speedy
(US, CF, SUy).

In sum, the amounts of positive and negative feedback of CT1 and US are close
to each other; the largest amount of feedback was in the category of instructional
strategies, and the majority of this feedback was positive. Mentors especially
appreciated PTs for using visuals and conducting activities and experiments in which
students were active. The second largest amount of feedback occurred in the category of
pedagogy, and mentors supplied similar positive and corrective feedback for all PSTs,
except for PST3. Almost all feedback, with small amounts in the categories of subject
matter knowledge and student understanding, was corrective. While the US supplied
completely positive feedback in the category of assessment, the CT gave corrective
feedback as well.
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Feedback from the Cooperating Teacher 2 and the University Supervisor

In this section, feedback from the cooperating teacher 2 (CT2) and the university

supervisor (US) for preservice teachers (PST4, PST5, and PST6) are presented.

Table 4

Feedback of CT2 and US to PST4, PST5, PST6 and Related PCK Components

Feedback Type of Feedback Type of
pgr  Category of PCK Cooperating Teacher 2 University Supervisor ~ Feedback
Component Frequency
Positive  Corrective Positive Corrective

Subject Matter SMj, SM2 SMj, SM; 4
Pedagogy P, P3, P7, Pg P1, P, Pz, P4 8
Instructional IS4, 1S, 1S, IS, 1Sz, 1S
strategies 155 15018 15000 184186, 1S o

E and Representation 7 9t o & 199, 1913

o
Student
Understanding SUr SUs 2
Assessment A1 A As 3
Curriculum C 1
Subject Matter SMy SM3 2
Pedagogy Ps, Pg, P10 P1, Ps P2, P4 7
I ional
nstructiona IS, 152, 1S5, 1S5, 1Ss, 1S4, 1Sz,
Strategies 1S5 15

. I1Ss, 1S7, | | | 1Ss, |

g and Representation S, 157, 1512 St 1522 S 150

[a
Student
Understanding SUr SU: 2
Assessment Ay Aq As 3
Curriculum Ci, C 2
Subject Matter SM;3 SM3 2
Pedagogy Ps, Ps P10 P1, P2, Ps 6
I ional
nstruct_lona 156, 1S5 IS4, 1s,

©  Strategies ISs, 1S5 1Sy, ISo 12

wn . |811, |515 |Sg, |Sl4

a and Representation
Student SUy, SUs, SUs  SUs SUs  SUs, SUs 7
Understanding
Assessment Ay A2 A 3

Total Feedback Frequency 6 37 20 31

Table 4 shows that although feedback from CT2 and US was positive and
corrective in type, the corrective feedback numbers of both mentors were greater than
those of positive feedback. The amount of feedback supplied by the US was more than
that of CT2, and it seems that this difference was due to the amount of positive
feedback, with CT2 giving only six positives in total. It is seen that feedback from the
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supervisors was concentrated in the category ‘instructional strategies and
representations.

The Category of Instructional Strategies and Representation

Feedback from the supervisors was concentrated in the category of ‘instructional
strategies and representation,’ similar to Table 3. In this category, while CT2 supplied
positive feedback on using the blackboard effectively and group working, US gave
feedback on using visuals and technology, organizing various activities, doing or
promoting experiments, group work, using the blackboard effectively, and having
students take notes. The corrective feedback of US was on preparing an effective lesson
plan, teaching according to the lesson plan, using educational technology, summarizing
the subject, effective use of visuals, clear activity/experiment directives, and selecting
efficient and appropriate activities:

The drama used by PST6 to explain the parts of a flower was not a suitable instructional
strategy (US, CF, 1S14).

PST4 was not able to operate the smart board during teaching... he probably did not practice
its usage before (US, CF, ISs).
CT2 gave corrective feedback similar to those of US, except feedback on
teaching according to the lesson plan and using educational technology:

It would be better for PST5 to write on the blackboard what each group should do during the
activity; disruption happened, and the students were not able to understand (CT2, CF, 1S13).

PST4 did not choose an activity complying with the subject (CT2, CF, 1S14).
But CT2 also gave additional corrective feedback on using the course book and
blackboard, daily topics, and having students take notes:
It would be better for PST2 to write on the board what the group would do in the activity (CT2,
CF, IS13).
Supervisors appreciated PSTs for planning and carrying out various activities:
Group working activity of PST4 was good (CT2, PF, 1S:s).
PST6 used a flower model and a video in his explanations (US, PF, 1Sy).

However, they gave corrective feedback emphasizing that the final results

following discussion and observations were not clarified well:

PST4 used empty and water-filled glasses and water mixed with vinegar in the experiment and
asked students to observe the appearance of the fork. The students explained their ideas, but the
result was not clearly stated... He did not present a clear summary (US, CF, IS¢).

PST4 did not give any explanation following the activity. What was the reason why light is
refracted differently in water, vinegar, and air? An explanation should be made because
concluding a result following the experiment is not easy for every student (CT2, CF, 1Ss).

The Category of Pedagogy

The category of pedagogy follows, in frequency, that of instructional strategies.
Although CT2 gave positive feedback on PST4’s about calling the student by the name,
US gave positive feedback for every PT on tone of voice, calling the student by the
name and turning back to the class:

PST4 knew students and called them by their names (CT2, PF, Py).

While the corrective feedback of US concentrated on calling the students by

name and standing at a specific place in the classroom, the feedback of CT2 paid
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attention to the code’s concentration on specific students, consistency in the behavior,
fair treatment to students and turning back to the class:

PST6’ tone of voice is too low; the speech is not heard and understood, which weakens his
classroom management (US, CF, P1).

PST5, while solving problems on the blackboard, let us talk to the whole class, not to a few
students. Otherwise, students will become busy with other businesses (CT2, CF, P3).

PST4 has to be consistent and fair in the class. Fair treatment is vital; otherwise, the teacher
will lose esteem (CT2, CF, Pg).

The Category of Student Understanding

The third, in frequency order, category includes feedback essentially on student
understanding. Most of this feedback was corrective and on presentation or speaking in
a fast mood:

PST6 presented the subject rather quickly... (CT2, CF, SUs).
PST6 presented all concepts in a furry in the first session and was short of teaching material for
the second session, so he had to make repetitions (US, CF, SU).

While corrective feedback supplied by the CT2 was on emphasizing important
points, presenting concepts not included in the subject, and presenting the subject in the
correct order, US concentrated on giving contradictory knowledge and giving
explanations during the examination of the prior knowledge:

PST6 submitted some information before examining the prior knowledge of students on the
subject (US, CF, SUy).

The Category of Subject Matter

Feedback in the category of subject matter about all PTs was corrective, perhaps
because supervisors wrote that PTs did not have rich subject matter knowledge:

PST4 answered the student’s question ‘what is the distance from the earth to the sun’ as ‘8
light years’, indicating that his subject matter knowledge was poor (CT2, CF, SM;).

PST4 said to the student who claimed that the brightness increases with the number of cells the
opposite, but later, he repeated what the student claimed to the class. His explanations were not
consistent (US, SMy).

The Category of Assessment

In the assessment category, supervisors paid attention to the preparation and use
of materials for assessment. CT2 stated that PSTs except PST4 did not carry out the
evaluation, and he appreciated the assessment activities of PST4:

The evaluation activity (worksheet) chosen by PST4 was quite good (CT2, PF, Az).

PSTs generally did not assess students’ understanding; if they had some time left, they asked
questions written at the end of the chapter; they did not take students’ questions into account
because they focused mainly on presenting the subject (CT2, CF, A1).

Similarly, US gave positive feedback to the PSTs about preparing and using
assessment activities and also focused on the quality of the assessment questions used
by them:

PST5 prepared an assessment worksheet and used it in the classroom, but the selected
questions were not suitable (US, CF, As).

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 145-168



160 Isik Saliha KARAL EYUBOGLU

The Category of Curriculum

Feedback in the category of curriculum was supplied only by CT2, drawing
attention to inconsistency between the lesson plans/activities and curriculum targets for
2 of 3 PSTs:

PST4’s activity, in which laser light illuminates the water stream flowing through the hole at
the side surface of a bottle, is related to total internal reflection. The students have not learned
this subject yet (CT2, CF, C»).

PST5 talked about concepts, such as dormancy and anaerobic respiration, not included in the
learning objectives, thus causing confusion in student’s minds (CT2, CF, SUy, C»).

In sum, there were noticeable differences between the numbers of positive and
corrective feedback of CT2 and US. The number of corrective feedback from both
mentors was more than their positive feedback, and only 15% of the CT2’s feedback
was positive. The largest number of feedback was in the category of instructional
strategies, and the majority of this feedback was corrective. While CT2 appreciated PTs
only for the group working in this category, the US gave a number of positive feedback.
All feedback from mentors in the category of subject matter knowledge was corrective.
Feedback from US for this PST group in the assessment category was positive and
negative, similar to those of CT2. Although the feedback of CT2 in the pedagogy and
student understanding categories was mostly corrective, those of the US were positive
and corrective. Feedback in the curriculum category was supplied only by CT2 and was
corrective.

Discussion and Conclusion

The first research question in this study was what kind of feedback CTs and US
provided to PSTs. Findings showed that although feedback given by mentors was
positive as well as corrective, the corrective ones were more than the positives, contrary
to some others’ studies (Bullough, 2005; Kahan et al., 2003), emphasizing that all CTs’
feedback was more positive than corrective. This corrective feedback showed that
mentors required specific changes in the PTs’ teaching practices (Bjerndal, 2020).
Because mentors providing feedback were also responsible for the final assessment of
the teaching practice activities, giving corrective feedback may be considered to be
challenging for both PTs and mentors (Bjerndal, 2020; Tang & Chow, 2007). However,
in the teacher education context of this study, CTs and USs tended to give high final
grades to PSTs for their teaching practices. Most USs do not participate in PTs’
teaching because of claimed time restrictions or, as CTs asserted, of neglect (Andrew,
2007; Hellison, 2003; Topkaya et al., 2012). As a result, these types of USs either give
high grades to all PSTs or leave the decision to the initiative of the CT, who becomes
decisive in assessing (Weiss & Weiss, 2001). Another type of university supervisors
who observe the teaching of PTs abstains from giving realistic assessment grades,
which would create negative emotional reactions among PTs (De la Cruz et al., 2015).
Similarly, CTs think that the number of PTs per CT is too high because they already
have much work to do, thus providing limited teaching experience opportunities for PTs
(Saka, 2019), so their assessments, although free-handed, may not be fair enough
(Arkiin-Kocadere & Askar, 2013). In this study, informal conversations about PSTs
between CTs and US showed that if PSTs were rigorous and willing in the teaching
experience process, CTs would not take deficiencies of PSTs into account in grading.
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These circumstances may clarify why mentors did not worry about giving corrective
feedback, a crucial part of mentoring in teaching placements (Amobi, 2005; Crasborn et
al., 2008; Crutcher & Naseem, 2016). Although satisfactory final grades of the triad are
generally expected, the corrective feedback items and dozes point out that mentors
intended to improve PSTs teaching and enhance their thinking ability beyond teaching
to analyse, reflect, and reconstruct their teaching (Range et al., 2013).

Mentors are ideally expected to provide feedback in both content-specific and
general pedagogies (Schwartz et al., 2018) because PCK is an amalgam of content and
pedagogical knowledge (Shulman, 1986) and closely related to ‘the ways of
representing the subject that make it comprehensible to others’ (Shulman, 1987). The
importance of representing the subject may explain the concentration in the categories
of ‘instructional strategies and representation’ and ‘pedagogy.’” Similarly, Won et al.
(2019) found that both CTs and USs mainly provided feedback on key areas such as
student engagement, more effective use of instructional norms, and application of
content-based pedagogies. Subject planning and presentation by PSTs provided insight
to mentors not only about PSTs” knowledge of instructional strategies but also about
other professional knowledge categories, i.e., subject matter, student understanding,
curriculum, and assessment. Although feedback from the mentors seems to be
concentrated in the fields of instructional strategies and pedagogy, the majority of
feedback in all knowledge categories points out that the mentors focus on student
understanding, meaning that the transfer of knowledge is important. In reform-based
science curricula for elementary and secondary schools (MoNE, 2018), a holistic
perspective has been adopted in terms of learning-teaching theories and practices based
on knowledge transfer, inquiry, and active participation in the learning process where
students are responsible for their own learning. Teachings of PSTs based on the
constructivist approach showed that they made efforts to put into practice what they
learned in theoretical courses about the inquiry approach. Feedback indicated that
mentors especially attached importance to student’s understanding of the subject and
active participation. Issues on teaching based on inquiry and student’s self-
responsibilities in learning seemed to be in the background as Bradbury and Koballa
(2007) reported that dialogues between CTs and PTs focused on general pedagogical
knowledge instead of the nature of science, scientific inquiry, and literacy issues which
are the central elements of reform in science teaching. Although mentors provided
corrective feedback to PSTs helping novices match classroom practice with reform-
based views of teaching, including an emphasis on inquiry (Bradbury, 2010), they
neither criticized any PST for not particularly using inquiry teaching (Furtak et al.,
2012) nor did they appreciated any other for practicing this sort of teaching. The
mentors’ statements about PSTs’ inquiry teaching, such as ‘concluding a result
following the experiment is not easy for every student,” may give an idea about
persistence in making and dictating a summary of observations, experiments, and
discussions. CTs seemed to think that students did not have skills for interpreting
information and drawing conclusions; thus, they may not prefer to provide feedback on
the development of procedural and epistemic inquiry (Furtak et al., 2012).

The second research question asks to what extent feedback from the CKs and US
are consistent. This research shows that mentors provided very specific feedback more
effective in contributing to the improvement of PSTs’ teaching than general classroom
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practices (Getachew et al., 2020; Moore, 2003; Scheeler et al., 2004). Although
mentors’ feedback points out some differences in the categories of curriculum and
assessment, they were consistent in general. Because CTs were more engaged with the
curriculums and national exams than the USs (Chaliés et al., 2004), it can be considered
that CTs gave more detailed feedback in these categories. Similarly, positive and
corrective feedback from CTs concentrated on nearly the same professional knowledge
area. One reason for the difference in the feedback of the two CTs was that PSTs under
the guidance of CT1 and CT2 were different. The fact that the US gave more corrective
feedback to PSTs under the guidance of the CT2 also seems to support this situation. It
does not seem possible in this study to claim anything about other reasons for
differences in the feedback of CTs (Hudson, 2014).

This study was conducted with a limited number of participants, revealing CT
and US’s feedback, which was consistent and similar, but the reason for this consistency
was that the professional experience of US as a science teacher in primary schools was
similar to CTs and gives in general science lectures with lab works not teaching
methods courses in the teacher training program. It is clear that another study to be
conducted with USs having different science teaching orientations may reveal different
findings. As a matter of fact, feedback from US who conduct instructional teaching
courses having an impact on PST’s argument-based teaching plans would be mainly
based on understanding the nature of science by designing investigations, collecting
data, and using evidence to support findings through collaboration and discourse
(Bradbury, 2010).

Another limitation of the study was that the feedback from the mentors was
given during the initial teaching practices of the PSTs. Because feedback may affect the
subsequent teaching of PSTs, the distribution of feedback given by mentors in
categories may change, and feedback concentrated in the categories of instructional
strategies and pedagogy may shift to different knowledge categories. Next, a
longitudinal development research design will contribute to understanding how
mentors’ feedback changes throughout the Teaching Practice course.

The researcher’s experiences indicated that CTs are open to cooperation and
communication with university supervisors. They care about the thought of the US and
want to give importance to the thought of themselves (Shantz, 1995). In this study, the
most important reason for the effective/close relationship offering opportunities for
sharing knowledge and skills between US and CTs (Allen et al., 2010) was the US’
attitude due to the common corporate culture. Through empathic communication,
thoughts CTs about problems as there is not enough information about the
implementation of the inquiry-based learning approach and not enough examples and
explanations for the learning outcomes (Bekmezci & Ates, 2017) or CTs having little
experience in planning and conducting inquiry-based science activities with their
students and may be unwilling or unable to model that strategy for a novice can change.
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ABSTRACT: The general aim of the study was to improve students” awareness of gender equality. An instructional
design was developed in which mathematics, science, information technologies and software (ITS) courses were
integrated, with the theme of gender equality at the center. The method of the study was determined as a case study.
The participants of the study were 21 sixth-grade students at a public school in Turkey. Research data were collected
using the “Views Form on Gender Equality” and “Practice Evaluation Form” developed by the researchers.
According to the students’ views, it was determined that an interdisciplinary education on gender equality had
positive effects on improving students’ awareness of gender equality. When the students’ views about the practice
process were examined, it was seen that the positive opinions about the process were high in number, and students
presented few negative views.

Keywords: Gender equality, mathematics course, science course, information technologies and software course,
sixth-grade students, interdisciplinary approach.

0OZ: Calismanin genel amaci, Ogrencilerin toplumsal cinsiyet esitligi konusunda farkindaliklarini artirmaktir.
Matematik, fen bilgisi ve bilisim teknolojileri ile yazilim derslerinin biitiinlestirildigi, toplumsal cinsiyet esitligi
temasimnin merkeze alindigir bir dgretim tasarimi gelistirilmistir. Arastirmanin yontemi durum g¢alismasi olarak
belirlenmistir. Arasgtirmanin katilimeilar1 Tiirkiye'de bir devlet okulunda 6grenim goren 21 altinci simif 6grencisidir.
Aragtirma verileri, arastirmacilar tarafindan gelistirilen “Toplumsal Cinsiyet Esitligine Iliskin Goriis Formu” ve
“Uygulama Degerlendirme Formu” ile toplanmustir. Ogrenci gériislerine gore toplumsal cinsiyet esitligine yonelik
disiplinleraras1 bir egitimin 6grencilerin toplumsal cinsiyet esitligine iliskin farkindaliklarini gelistirmede olumlu
etkileri oldugu belirlenmistir. Ogrencilerin uygulama siirecine iliskin goriisleri incelendiginde, siirece iliskin olumlu
goriislerin fazla oldugu ve dgrencilerin az sayida olumsuz goriis bildirdigi goriilmiistiir.

Anahtar kelimeler: Toplumsal cinsiyet esitligi, matematik dersi, fen bilgisi dersi, bilisim teknolojileri ve yazilim
dersi, altinc1 simif 6grencileri, disiplinlerarasi yaklagim.
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It has been indicated that inequalities increase at both national and international
levels due to the differentiation of societies on the basis of qualities such as race, class,
gender, and language (Kellogg, 2002). One of these areas of inequality is gender
inequality. The concept of sexism is defined as the belief that women and men have
different characteristics and that one gender has the right to more power and resources
than the other, and it is stated that the attitudes and behaviors created by sexism in
children have negative effects on both genders (Schniedewind & Davidson, 2006). In
addition, it is emphasized that individuals are also adversely affected by school culture
in terms of gender roles (Levine et al., 1995). In this context, gender-based prejudices
that some students have negatively affect the other students at school as well. Besides, it
is put forward that individuals could make gender discrimination even without noticing
while they are avoiding sexist behaviors (Schniedewind & Davidson, 2006). Moreover,
it is determined that there are also problems regarding gender inequality in Turkey
(Goziitok et al., 2017).

There could be an interpretation regarding the present situation of gender
inequality in Turkey when the research and statistical data on this matter were
examined. In the Global Gender Gap Report, Turkey is at 130th rank among 153
countries in terms of the gender gap index according to the 2020 ranking (World
Economic Forum [WEF], 2019). On the other hand, in the Global Gender Gap Report
2021, Turkey is 133rd among 156 countries (WEF, 2021). When the net schooling rates
in higher education in Turkey were analyzed, this rate was 40,6% for men and 46,3%
for women (Turkish Statistical Institute [TURKSTAT], 2021a). According to the results
of the household labor force survey, in 2019, the employment rate in Turkey was 28.7%
for women and 63.1% for men (TURKSTAT, 2021c). When the data for R&D
employment were examined, 68,1% of sectoral distribution by gender is men while
31,9% is women (TURKSTAT, 2021b). Turkey is behind EU countries in terms of
girls’ gross enrollment rates and gender equality index at all levels of education and
expected years of education for girls from primary to tertiary education (Maya, 2013).
Based on these results, it could be said that there are inequalities regarding gender in
areas such as education, employment, and labor in Turkey. These data show the
problems related to gender equality, yet producing solutions for them and applying them
are also important subjects, in addition to determining the problems. It has been
indicated that it is necessary to question the role of education in struggling with social
problems and the formation of a more social society reflecting the values regarding
personal freedoms (Apple, 2017). In order to solve social problems, the social function
of education should be activated (Turhan Tiirkkan, 2017). In this sense, various studies
investigating the perceptions of students and teachers regarding gender equality and
examining the effects of curricula for ensuring gender equality were conducted.

In a study at the primary level, it was determined that 7-8-year students have
gender stereotypes in toy choice (Bagceli Kahraman & Basal, 2011). It was put forward
in a study on fourth graders that students possess traditional stereotypes and views on
women being weaker and more powerless (Yolcu, 2021). In another study with fourth
graders, it was also found that students have gender stereotypes towards occupations
and households (Yolcu & Sar1, 2018). In a study conducted on the gender perceptions of
primary school students between the ages of 7-15, it was determined that the gender
perception of children changes according to the age period; however, being a man is
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seen as more valuable in every period (Kilig et al., 2014). Through a study at the middle
school level, it was revealed that middle school students do not know gender concepts,
and they adopted traditional gender roles (Yesil & Balc1 Karaboga, 2021). Within
another study at the same level, it was put forward that eight graders have views on
gender inequality (Kalayc1 & Hayirsever, 2014). Besides these studies, during the needs
analysis of this study, similar results were found, and it was determined that the
awareness of sixth graders towards gender equality is not sufficient, and there is a need
to develop this awareness (Turhan Tiirkkan et al., 2018a, 2018b). In a study conducted
at the high school level, it was found that high school students have educational needs
on the concept of gender, gender roles and stereotypes, homosexuality, women’s
participation in decision-making mechanisms, violence against women, and women’s
participation in working life and income (Acar-Erdol & Goziitok, 2017). Additionally,
studies have presented evidence that pre-service teachers hold gender stereotypes and
views on gender inequality (Acar-Erdol et al., 2019; Aslan, 2015; Koyuncu Sahin et al.,
2018). Moreover, it was seen that similar results were reached through studies with
bachelor students as well (Ongen & Aytag, 2013; Sis-Celik et al., 2013; Vefikulucay et
al., 2007; Vefikulugcay Yilmaz et al., 2009). Based on these studies in Turkey, it is
considered that many students from primary to higher education have stereotypes and
negative views on gender equality. In this respect, it can be said that there is a need for a
national education on gender equality.

Within the studies at the primary and middle school level, it has been concluded
that gender equality education is effective in decreasing students’ prejudices towards
gender, developing concept knowledge about gender, changing perspectives on gender
roles, and raising awareness of gender equality (Akita & Mori, 2022; Brinkman, 2009;
Secgin & Kurnaz, 2015; Yesil & Balct Karaboga, 2021; Yolcu, 2021). Similar results
were reached through also studies related to gender equality education with pre-service
teachers (Acar-Erdol, 2019; Aydemir, 2019; Esen, 2013; Sener Ozel, 2019). Another
study conducted with teachers determined that teachers’ knowledge about gender
differences of students who attended training, their perceptions of justice towards the
diversity in the classroom, and their knowledge skills to encourage girls and boys
increased (Kollmayer et al., 2020). Besides, it was found that the women’s studies
course held at the higher education level positively affected the students’ views on
gender equality (Harris et al., 1999; Stake, 2006; Stake & Hoffmann, 2001; Thomsen et
al., 1995). Based on the results of these studies, it is thought that the applied practices
have positive effects in terms of gender equality. The studies conducted were carried out
mostly with adults. In addition to this, the practices were either developed directly on
the subject of gender equality or were associated with courses in social fields such as
social studies and life sciences.

When the research conducted within the Turkish educational system was
analyzed, it was put forward that the traditional female role approach in society also
exists in the education field. Teachers and administrators reinforce this with the
language used in-class processes, activities, and course materials - mostly without
noticing-and this situation also interrupts women’s education in particular, contributing
to women'’s subsidiary position (Polat, 2010). In the studies carried out in this context, it
is stated that there are deficiencies regarding gender equality in textbooks and curricula
(Celik et al., 2019; Giiney, 2016; Isik Demirhan, 2021; Kalayci1 & Hayirsever, 2014;
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Karakus et al., 2018; Kiikrer & Kibris, 2017). With respect to this, it becomes clear that
there is a need for arrangements regarding gender equality.

In order for individuals to live in an equal world, it is thought that it will be
beneficial both individually and socially for individuals to receive gender equality
education to produce creative and applicable solutions to these problems and realize the
problems related to gender equality. Besides this, this education is mostly given in
courses within the social field. There are very few studies handled in numerical courses
such as mathematics, science, and ITS. In this sense, the social integration of
mathematics, science, and ITS courses will be a unique practice both in terms of
practice and in terms of literature.

Mathematics course is considered a tool for dealing with social issues in
education (Gutstein, 2007a). Equality and social justice can be taught in mathematics
classes to help students interpret and apply mathematical knowledge to answer
questions that will potentially strengthen their lives and the society in which they live
(Leonard et al., 2010). For this purpose, the events in the world could be approached
from a mathematical point of view (Noyes, 2007), and besides caring for numbers, they
could be studied with numerical data regarding social topics such as unemployment,
racism, and inequality (Miner, 1995). In this context, it is thought that, in general, social
topics, in particular gender equality topics, could be handled in mathematics course.
Within this scope, when the studies integrating mathematics with social topics were
examined, it was determined that there conducted some practices for middle school
level (Allen, 2003; Gutstein, 2003; Turhan Tiirkkan, 2017), for high school level
(Brantlinger, 2007; Harper, 2017; McNamee, 2013; VVoss, 2015; Wonnacott, 2011), for
pre-service teachers (Johnson, 2005; Koestler, 2010) and for teachers (Gonzalez, 2009;
Wager, 2008) and these studies have constructed positive effects on individuals
regarding social justice and equality. Based on this, it is considered that including topics
such as equality, justice, social justice, and gender equality in mathematics course
would provide positive outcomes for students.

The main purpose of science courses is to raise science-literate individuals. One
of the important components of science literacy is the ability to establish the
relationship between science and technology, society, and the environment. At this
point, it is stated that science courses are taught, putting social issues at the center.
Students get an active role and use their scientific knowledge in problem-solving, so
they will make progress regarding the nature of science (Pedretti, 1999). As for Tal and
Kedmi (2006), when students learn about social issues about science and their
reflections on society, they can analyze the incidents, make decisions, and develop
attitudes towards this subject. It is indicated that significant research centers such as the
National Research Council and Queensland School Curriculum Council emphasize the
necessity of enhancing the skills of students regarding their ability to discuss, analyze
socio-scientific matters, and make decisions based on knowledge (Topgu et al., 2014). It
is thought that teachers who incorporate social justice into their lessons will ideally
create a classroom environment that helps students be effective voices for change while
supporting students to question the unfair power relations in society (Gutstein, 2007b;
Mayberry, 1998; Roth, 2007). At this point, it is considered that including social topics
in science course curricula and increasing their awareness in this matter positively effect
students’ being science literate, which is the main purpose of science courses. History of
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science has an important place in teaching scientific literacy (Tokus, 2018). An
individual who is aware of historical developments in science becomes aware of how
discoveries and inventions were made, what happened in this process, what conditions
were effective, and the efforts made in this way, and in this respect, the history of
science is considered a very suitable subject to be used in a science course (Lagin
Simsek, 2009). It can be said that covering the social context in terms of the history of
science in the science course is also important in terms of integrating science and social
issues.

Rapid changes in technology indisputably bring up concepts such as social
justice, equality, and gender equality. There is a technology gap called the digital gap
between communities or generations where there are inequalities in access to
information technology (Tarman et al., 2015). In situations with a technology gap, since
students cannot access information equally, it becomes impossible to expect the same
results from students. Hellsten (2007) concluded that the aim of technology is actually
to make students one; however, it creates a digital divide these days. The technology
could be used to provide social justice education and expand opportunities in this sense,
and it is recommended that research be conducted concerning the use of hidden social
justice curricula in traditional educational settings (Mitchell, 2015). Hence, it is thought
that including concepts such as equality, social justice, and gender equality in ITS
course would provide significant contributions to the literature. In addition, one of the
aims of ITS curriculum is to “Develop innovative and original projects for the solution
of problems encountered in daily life (problems faced by elderly and disabled
individuals, etc.)” (Ministry of National Education, 2018) and it is thought that ITS
curriculum includes the integration of social issues with the subjects in the course.

Considering the multidimensionality of real-life problems such as equality,
justice, and social justice, handling these matters in an interdisciplinary approach is
crucial in terms of reaching solutions for the problems. When the philosophy and
approaches underlying contemporary curricula were counted, it was considered
necessary to deal with the subjects within the framework of an interdisciplinary
approach and to make connections between courses on real-life subjects (Karakus et al.,
2017). In the interdisciplinary approach, various courses in the curriculum are brought
together, and the main point in this approach is that the curriculum developers try to use
a series of course-based perspectives (Jacobs, 1989). The interdisciplinary approach is
considered the integration and interaction of the issues involved in solving a common
problem and involves synthesizing and integrating interrelated disciplines into a
coordinated and coherent whole (Munkebye et al., 2020). In an interdisciplinary
curriculum, connections between disciplines are strong and evident; issues such as 21st-
century skills, global problems, sustainability, and intercultural skills can be addressed
with an interdisciplinary approach, and in such a case, the boundaries between
disciplines become blurred (Drake & Reid, 2020). Regarding climate change,
inequalities in different areas, and social problems that concern the whole world and are
among the sustainable development goals, it is necessary to study together across
disciplines, develop an interdisciplinary understanding, and even produce solutions to
problems with understandings beyond disciplines (inci & Kaya, 2022). It is stated that
there is a need for an interdisciplinary curriculum design that takes science,
mathematics, and information technology courses together and reflects the real world
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(Millar, 2020). In this respect, it is thought that teaching gender equality and
establishing interdisciplinary connections with mathematics, science, and ITS courses
will make a contribution. Besides, the integration of these three courses with gender
equality topics would give it a different perspective. Moreover, no practice or study
towards gender equality integrating mathematics, science, and ITS has been found. In
all these respects, it is thought that this study will fill the gap in the literature and make
important contributions to the field with new information. Within this context, the main
purpose of this study was to develop, apply, and evaluate an instructional design for
gender equality education. Based on this main purpose, the study aimed to develop sixth
graders’ awareness on gender equality. In this sense, answers to the questions below
were sought:

1. How does an interdisciplinary teaching on gender equality in the sixth grade
of middle school contribute to students’ awareness of gender equality?

2. What are the students’ views on gender equality education at the sixth-grade
level of middle school?

Method

In this section, the dimensions of the research model, participants, application
process, data collection, and data analysis are included.

Research Design

The research was conducted through the case study method. A case study is a
detailed investigation of an incident or several incidents with any convenient method.
The main aim of a case study is to understand every aspect of an incident (Punch, 2005).
Case studies could be conducted via quantitative or qualitative approaches. Through
qualitative case studies, the factors regarding a case are investigated in a wholistic way
and focus on how these factors affect the case in question and how these factors are
affected by the case. In addition to this, when the changes and the processes of the case
are seen as important, it might be possible to study the cases in the long term (Yildirim
& Simsek, 2008). In this research, the application of the developed design is considered
as a case. In this context, the design development process has been taken into account.

Participants

The participants of the study consisted of 21 students studying in sixth grade
through the second semester of the 2018-2019 education year in a state school within a
middle-socioeconomic region of Adana province in Turkey. Of the 21 sixth-grade
students who made up the participants, 14 were girls, and 7 were boys.

The school where the research was conducted is located in Sarigam district, in
the east of Adana. There are approximately 60 teachers and 800 students at the school.
There are 20 classrooms in the school. The region where the school is located is a newly
formed region in Adana, and the people living in this region are generally at a middle
socio-economic level.

Social issues can be included in teaching processes starting from the elementary
school level (McBee, 1996). Dealing with social issues is considered important at the
secondary school level (Schniedewind & Davidson, 2006). Students at the elementary
school level can understand social issues, which can be included in the period between
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the ages of 12-18 (Peterson, 2002). Considering that the issue of gender equality also
has a social context, it was thought that a study based on this issue could be conducted
at the secondary school level, and therefore, the research was conducted at the sixth-
grade level.

Instruction Process

At the beginning of this design, a needs analysis was first made. In line with the
needs analysis results, teaching attainments were determined first. Then, these
attainments were organized within the framework of relevant disciplines and subjects,
and content was formed. In the next stage, the variables, teaching methods, and learning
and teaching process activities were arranged. In the last stage, arrangements were made
for how teaching would be evaluated. After the theoretical part of the design process
was completed, practice started.

The process of instruction lasted for 8 lesson hours in total. The instruction was
conducted in April and May of the 2018-2019 education year. In the first instructional
process, basic information and concepts were handled within the “Introduction to
Gender Equality Topic.” Through the second instructional process, the topic “Education
and Gender Equality” was taught. The topics included in this course were integrated
with the mathematics course. An example of integrating gender equality into the
mathematics course can be presented as follows: The “Solves and poses problems that
require performing four operations with natural numbers” outcome in the mathematics
curriculum is rearranged as “Solves mathematical problems regarding gender
discrimination in education” in this practice. In this example, the issue of gender
equality in education is integrated with the topic of solving problems with natural
numbers in mathematics. In the third instructional process, the topic of “history of
science and gender equality” was dealt with and integrated with the history of science
topic within the science course. As for the fourth instructional process, “Art, science,
literature, social media, and gender equality” was the topic. The topics taught in this
course were related to information technologies and software. The activities and used
materials are shown in Table 1.
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Table 1
The Activities and Used Materials in Instruction
The Activities and Used Materials in Instruction

Introduction to Gender e 4 leaf clover event
Equality Topic e Video presentations regarding gender equality.

e Presentation of the concepts regarding sex, gender, gender
equality, gender discrimination, gender stereotypes

e Worksheet 1 (Basic concepts)

e Evaluation Sheet 1
Education and Gender ¢ Video about equal opportunity in education
Equality e Discussion on the barriers girls face in education

e Worksheet 2 (Primary and secondary enrollment rates for
various countries — gender equality in mathematics and
education)

e Worksheet 3 (Solving math problems that involve calculating
natural numbers with gender equality situations)

e Video presentation and discussion about Malala’s life

e Evaluation Sheet 2

History of Science and e Discussion on the concept of “scientist”
Gender Equality e Cartoon and discussion about the life of Marie Curie

e Video and discussion on the life of Prof. Dr. Dilhan Eryurt
o  Worksheet 3 (Occupations and gender equality)

e Evaluation Sheet 3

Sports, Arts, Literature, e Digital Story Presentation (Stories inspired by the lives of
Social Media and Gender Geeta Phogat and Mary Shelley)
Equality

e Examining social media posts in terms of gender equality

e Evaluation with Kahoot! application (Social media posts
involving gender equality/discrimination)

Data Collection and Analysis

The data of the study were collected via the “Opinion Form on Gender Equality”
and “Instruction Evaluation Form” developed by the researchers. Both forms were
examined by experts studying gender equality. Students put their views on both forms
in written form.

Opinion Form on Gender Equality consists of five questions developed by the
researchers towards the needs analysis of the study (Turhan Tiirkkan et al., 2018a). An
example case, including gender equality/inequality, was presented in each question. The
first case is about gender inequality regarding occupations. The second case is about
gender equality in households, the third one is about gender equality in sports, the fourth
case is about gender equality in promotion, and the fifth is about gender equality in
terms of the right to education. While there is an evident statement of gender
discrimination in the first and fourth cases, there aren’t any statements of gender
discrimination in the second, third, and fifth cases; instead, a hidden situation is present.
After each case, a three-choice sub-question was asked of the students. In this direction,
the students first marked that they found the situation in the case correct; they were
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undecided or did not find it correct. After they stated these opinions, they were asked to
express their reasons. Besides asking how they would feel or behave, putting themselves
in some individuals’ place, they were asked to give the reasons for their views.

As for the Instruction Evaluation Form, there are six questions and three probe
questions. These questions were arranged within the scope of their evaluations for the
application and were prepared to determine how they found the application, its
differences with other courses, the changes in their perspectives on gender equality,
their suggestions, and additional opinions.

The inductive analysis method included in content analysis was used to analyze
both forms. In this sense, first of all, students’ views were transferred to computer.
Afterwards, students’ views were coded. Themes and sub-themes were formed, bringing
the related codes together.

Roles of the Researchers

Since the research was carried out within a project, experts in each context of the
research worked together. Since this research included the disciplines of mathematics,
science, and ITS, an expert from each field took part in it. A mathematics education
expert was actively involved in the planning for mathematics subjects, a science
education expert was actively involved in the planning for science subjects, and a
computer and instructional technologies education expert was actively involved in the
planning for ITS education. In order to ensure and control interdisciplinary connections,
a curriculum development expert who studies interdisciplinary curriculum development
was assigned. In the gender equality dimension of the research, the project manager,
who is also a mathematics education and curriculum development expert, actively
studied, and this researcher also has scientific research on the teaching of social issues.
The mathematics education expert, who is also the first author of the research and the
coordinator of this project, also served as a practicing teacher.

Credibility of the Research

Credibility can be achieved by describing in detail the experiences and
procedures regarding the process as a researcher (Cope, 2014). In terms of the
credibility of the research, it is stated that strategies such as peer examination, long-term
interaction, detailed description and reporting, and controlling researcher effects can be
used (Patton, 2002). In this respect, the roles of the researchers were explained in detail,
detailed information was provided about the process of conducting the research, an
effort was made to ensure that the researchers acted objectively in the process, and a
long-term interaction was tried to be established with the participants during the
implementation process. Besides, peer examination was applied for the reliability of
data analysis. With respect to this, the analyses one of the researchers conducted were
examined by the other researchers, and the analyses were completed.

Ethical Procedures

Official permission was obtained from the Adana Provincial Directorate of
National Education to conduct the research (25/04/2018, E.25867). In addition, written
informed consent was obtained from the parents of the participant students.
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Findings
The findings of the study were presented under three headings: findings
regarding the awareness status of students for gender equality before the instruction,
findings regarding the awareness of students for gender equality after the instruction,
and findings regarding students’ views on the instruction.

Findings Regarding the Awareness of Students for Gender Equality

Students stated that they did not find the situation correct in the first case, both
before and after the instruction. The reasons for students’ views on the first case before
and after the instruction are presented in Figure 1.

As seen in Figure 1, students presented the reasons for their views on the first
case, mostly towards gender, before the instruction. Besides, some students put forward
gender-independent reasons as well. Based on this, it could be said that most of the
students noticed the gender inequality within the example case in the first question; on
the other hand, some students did not notice the inequality. On the other hand, most of
the reasons that students presented for their views were related to gender after the
instruction. In addition, there were also students who put forward gender-independent
reasons. When compared to the situation before the instruction, it was seen that the
reasons given by the students for gender increased in number. Based on this, it can be
said that the students’ awareness of gender enhanced while students questioned the
reason for the situation.

Figure 1
Reasons for Students’ Views on the First Case

Disapproving of gender inequality

Reasons Gender equality in career choice and night 1o work
towards Women's being free as men
gender Ay : ;
(£:17) Women's being able to be engineers as well
Before I'hat blocking someone due to gender is not being right
mstruction
Individuals' being free to choose their profession
Gender S S
independent Individuals' being equal
Re‘;.ssons Education right
(£3) Its not being correct to force
Disapproving of gender inequality
Reasons for W aia bl be ; T
ihe views on omen's being able to be engineers as we
first case Freedom of profession choice regardless of gender
There being gender discrimination
R“‘f":"f' Women's being able 1o do the jobs men do
l;’:n':;c: = Gender shouldn't be a barner
(:19) Women's being free in profession choice
Disapproving of thinking men as more powerful
Finding jobs difficult suitable for men and easy ones for
_ After women
mstruction Injustice to women
Gender lndwudua‘ls bcms fmc. to choose their profession
independent Blocking's not being right
R(‘;“]‘g‘:-‘ There being social discrimination

| No equality in the society
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Before the instruction, in the case of the situation where they put themselves in
the place of family, ten students stated that they would allow the girl, six students stated
they would support both two children, four students indicated that they should be freed
or not intervened and one student told that individual should be asked for his/her wish.
On the other hand, after the instruction, in the case when they put themselves in place of
family, seven students mentioned that they would let the girl, nine stated that they
would support both two children, four students stated they should be freed or not
intervened, and one student stated s’he would support girl more. Students’ reasons
regarding the empathy they showed within the first question were presented in Figure 2.

Figure 2
Reasons for Students’ Empathy in the First Question

Gender equality
Women's and men's being free in profession choice

Reasons Professions’ having no gender
relatedto __— A7 ENENETG 3
gender Positive discrimination for women
(f:13) Women's being vulnerable
Women's being free
Before the
vcon Non-interference in the lives and decisions of
individuals
 Gender Individuals' being equal
::g:‘;::?r‘gl’ Its being a good profession
= i Being successful and happy in desired profession
casons Ior PRRE
students’ empathy Appreciating the effort
ml:}elgti'(l::t Gender equality
e Rigsons Some professions’ not being peculiar to men
related to Pasitive discrimination for women
gender (£:8) Women's decisions should be respected
Women's right to be engineer
."ﬂ”_'!‘c Freedom in profession choice
instruction : . . Sty
Being successful and happy in desired profession
Disapproving of discrimination
_ Gender Disapproving of blocking
independent

Happiness' being important
An injustice has been done

reasons (129)

Necessity of respecting for decisions
Ensuring the equality

As in Figure 2, the reasons students put forward before the instruction were
much more related to gender. Besides, gender-independent reasons were presented as
well. In the first question, it was seen that they generally realized the gender inequality
in the case. Moreover, it was determined that some students’ reasons and rationales
were unrelated to gender topics. In this sense, it could be said that some students do not
realize gender inequality. After the instruction, while some students presented reasons
regarding gender, some of them gave gender-independent reasons.

For the case in the second question, before the instruction, 18 students
mentioned they found the behavior right, two students stated that they were undecided,
and one student did not find it right. After the instruction, 16 students stated that they
found the case in the second question right, three stated they were undecided, and two
stated they did not find it right. The reasons for their views are shown in Figure 3.
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Figure 3

The Reasons for Students’ Views on the Second Question

Appreciating helping
Necessity of helping the family

Tiredness of the family
Gender Caring for the family
independent The necessity of living together
reasons (£:20) Helping up to tiredness
Before th Being unable to study
efore the -
sdastion Child's being tired
Disapproving children's doing households
Reasons =
related to {Men's also being able to do households
gender (:3)
Appreciating helping
R fi
lheeajigl:‘s‘s 3:1 Tiredness of the family
second case _ Disapproving children's doing households
Gender Necessity of helping the family
independent Having time to spend with family
reasons (£:21) Family’s working for the children
His/her being have to study
Helping up to tiredness
After the | Child's being tired
instruction -
‘Men's being able to help women
Disapproving gender inequality
Reasons Not only women's doing the households
related to W, = .
gender (£:8) omen and men can work interchangeably

Not doing discrimination in households
Lay the households on women

It is seen in Figure 3 that students explained their reasons for views on the
second question much more as gender independent before the instruction. Besides, there
were few students who came up with reasons related to gender. Based on this, it could
be asserted that most of the students did not realize the gender inequality in the case
within the second question, while few students realized it before the instruction. After
the instruction, most of the reasons students put forward were not related to gender.
However, some students presented reasons related to gender as well. Compared to the
situation before the instruction, it was seen that the reasons related to gender students
mentioned increased in number. It could be said that the students’ awareness of gender
enhanced while questioning the reasons for the situation.

Before the instruction, 17 students stated that they behaved the same way when
they put themselves in Ozan’s place; two indicated that they would help with some
households, and two said they would not. On the other hand, after the instruction in the
situation, they put themselves in Ozan’s place; 15 students stated they would behave in
the same way, while three students said they would help with some households and
three students would not. The reasons students have regarding these views are presented
in Figure 4.
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Figure 4
Reasons for Empathy of Students within the Second Question

"Not tiring the family
Having time to spend with family
Family's working for their children
_ Gender Being happy
independent S :
reasons (£13) Appreciating helping
e Doing when grown up
Before the Households' being heavy for children
A . Applying to necessary authorities
Reasons Men's also doing cleaning
related to —w 1 . .
Reasons for gender (£2) omen's not being slaves to men
the students' . .
empathy in g
second ' ) Not tiring the family
question PR Family's working for their children
independent Being happy
reasons (£:11) Concentrating on lessons
After the o Child's getting tired
instruction — |
Reasons
related to Necessity of gender equality

gender (f:1)

~

As is seen in Figure 4, most of the reasons students put forward before the
instruction were related to gender-independent issues. However, few students explained
their reasons as gender-related. In the second question, in general, it was found that
most of the reasons and rationales students presented for the situation in the case were
not related to gender topic. Based on this, it could be asserted that they did not handle
the situation in the case with the gender topic. As for the reasons students brought about
after the instruction, most of them were gender independent. However, one student
presented a gender-related reason.

Before the instruction, 20 students for the third question stated that they did not
find the situation in the sample case correct, while one student expressed that s/he was
undecided. After the instruction, all of the students stated that they did not find it
correct. The reasons for this opinion are given in Figure 5.

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 169-201



182 Buket TURHAN TURKKAN et al.

Figure 5
Reasons for the Views on the Third Case

Different interests and abilities
Gedes Being free to do sport one wants
independent Being skilled in football
reasons (£:17) Exclusion's being incorrect

Being unskilled

Before
instruction :
Gender equality
Réeasoais Women's liking football as well
related to ——— There being exemplary women football players
gender (£7) Sport's having no gender
Rsaces Bt Football's generally being preferred by men
the views on -
third case - ~ Being free to do sport one wants
Different interests and abilities
Gender F I
independent — ' TCePeOple
reasons (14) Exclusion's being incorrect
Probability of becoming a football player in the
future
~ After
instruction Women's also being able to play football
There being exemplary women football players
Reasons Being free to do sport they want regardless of
related to gender
gender (£:13) The right to do the same things as men

Women should not be excluded
Football's not being male-specific

As seen in Figure 5, before the instruction, the students explained the reasons for
their opinions on the third question, which was mostly gender independent. Besides,
there were also students who related their views to gender topics. Based on this, it can
be said that most of the students did not notice the gender inequality in the case of the
third question before the instruction, while some students noticed the gender inequality.
After the instruction, on the other hand, some of the reasons given by the students were
associated with the gender issue, while some were not. Compared to the situation before
the instruction, it is seen that the reasons by students related to gender increased in
number. In line with this, it could be inferred that their gender equality awareness
enhanced while students questioned the reasons for the situation.

Before the instruction, in the case they put themselves in Damla’s shoes, eight
students expressed that they would play together, six students would support, four
students would not be excluded, two students would congratulate, one student would
defend, one would want him to teach how to play football, one would not criticize, one
would let him alone, one would inform the teacher, one would show empathy and
respect. On the other hand, after the instruction, when they put themselves in Damla’s
place in the case, five students indicated they would respect, four students would not
exclude, three students would support, three students would play together, two students
would not tease, one student would congratulate, one student would ask her/him to
teach him/her, one student would not interfere, and one student would not criticize. The
reasons they put forward are presented in Figure 6.
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Figure 6
Reasons for the Students’ Empathy in the Third Question

Being free to do the sport one wants
Acting on one's own opinions

Gender |
independent Having different interests
g reasons (1:5) Loving football
Before the Havi the abilit |
instruction ‘ \Jfaving the abty
Reansons related to Women's being free |
gender (132) Sports' having no gender J

Reasons for
the students'
empathy in ‘

third question Gender ‘ Women's also being able to play)
‘ independent _i football |
- reasons (1:4) Women's right to play football |

After the
instruction

gender (123)

| (Not everyone having football talent
Reasons related to Everyone's having different interests
Having interest for football

As seen in Figure 6, the reasons given by the students before the instruction were
mostly about gender-independent issues. However, there were also students who
associated their reasons with gender issues. It could be asserted that students generally
did not realize the gender inequality in the case within the third question. In addition to
this, it was determined that the reasons and rationales some students came up with
related to gender topics. With this respect, it could be said that students did not realize
the gender inequality was in the majority. Yet, after the instruction, some of the reasons
students were gender independent while some were related to gender.

Before and after the instruction for the fourth question, all of the students stated
that they did not find the situation in the case correct. They presented the reasons for
their views as in Figure 7.

Figure 7
Reasons for the Views on the Fourth Case

Disapproving gender inequality
Women's also being able to be managers
Women's right to be managers
That women will be more successful
Reasons related Women's being free
to gender (:21) Sometimes men's not managing well
Women's ability to do every occupation
Women's being successful as well

e The right to be a manager regardless of
Before the gender

instruction

Success' being important
The equality of people
Gender I'here being an i tic

independent e = X 2 njus.u:

reasons (£:9) There being unrespectfulness
People's being free
The night 1o work whersever wanfed

Ressons for the

views on lfourth
case Women's rights to be managers

Disapproving of gender inequalily
Better management of women
Women's right to vote

Women's having equal rights with men
Women's being responsible

Women's being able to choose the
profession they want

Questioning women's bemng restricted

Reasons related
to gender (121)

After the
Instruction

| Everyone's having right 1o be munagers
Gender No right to restrict
independent =———

reasons (f17) The right to choose the profession wanted

| Coming to the deserved place
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As can be seen in Figure 7, before the instruction, the students mostly associated
the reasons they presented for their opinions with gender. Besides, there were students
indicating gender independence. Based on this, it could be said that most of the students
realized the gender inequality in the case within the fourth question before the
instruction, while some did not realize it.

On the other hand, students associated most of their reasons with gender.
However, some students presented gender-independent reasons. Compared with the
situation before the instruction, it was seen that the reasons given by the students
regarding gender did not change in number. Yet, it is thought that the reasons given by
students before and after the instruction regarding gender were more numerous. In
addition, it was determined that presented gender-independent causes decreased. In line
with this, it can be said that students’ awareness of gender was at a good level before the
instruction, and there was not much change after the instruction. After the instruction,
all students stated that they would accept everyone’s application regardless of gender if
they put themselves in the place of the workplace owner. The reasons they put forward
in Figure 8.

Figure 8
Reasons for the Students’ Empathy in the Fourth Question

Gender equality
Need to allow women to be elected
That women should not be blocked
Reasons related Women's being free
to gender (1:12) Women's being responsible
Women's right to be managers
Befin the Men's not having priority
instruction Women's being much better

The significance of success
Need to not discriminate

Gender
independent
reasons (f:5)

Everyone's having right to work

Reasons for the
students' empathy 11
in fourth question Gender equality
Priotirizing women

Women's freedom tw  choose the

Reasons related profession they want
to gender (f111) Women's right to vote and be elected
The low number of women managers
Afier the Not only men's being able to do
instruction everything
Gender
independent The significance of success

reasons (1)

As seen in Figure 8, the reasons given by the students before the instruction were
mostly related to the gender issue. However, there were also students who presented
their justifications regardless of gender. In the fourth question, it was determined that
most of the reasons and justifications presented by the students for the situation in the
case were related to the gender issue in general. In addition, it was observed that reasons
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and justifications are associated with gender topics as well. Based on this, it could be
said that they handled the situation in the case together with the gender topic. However,
after the instruction, it was seen that students linked most of their reasons with gender.
Moreover, one student presented a gender-independent reason.

Before the instruction, while 19 students stated that they found the sample case
in the fifth question correct, one was undecided, and one did not. As for after the
instruction, while 20 students found the sample case correct in the fifth question, one
student was undecided. They indicated the reasons for these views in Figure 9.

Figure 9
Reasons for the Views on the Fifth Case

The significance of education
Need for education for the future
Appreciating the behavior
Not having difficulty going to school
Gender
independent
reasons (f:13)

Need for asking the individual
herself/himself

Not falling behind in education

Compulsory education
Before the Everyone's having right to education
O Being separated from his’her family
Reasons Girls' right to education
relatedto  ———_ . " ) S s
gender (:2) The importance of girls' education
Reasons for the .
ncw:nzr‘; fith The significance of education
Need for education for the future
The importance of continuing cducation
. Gender Appreciating the behavior
independent e . -
reasons (f11) The importance of one's own opinion
Being successful
After the H“"‘f‘s a job :
instruction Providing secure transportation
Reasons The importance of girls' education
related to Girls' right to education
gender (£.7) Girls' not falling behind in education

As seen in Figure 9, most of the reasons given by the students before the
instruction were about gender-independent issues. However, there were also students
who offered reasons about gender. Based on this, it can be said that most of the students
did not notice the gender inequality in the case in the fifth question before the
instruction, while a small number of students noticed the gender inequality. After the
instruction, most of the reasons presented by the students were explained regardless of
gender. In addition, it was determined that the reasons associated with the gender issue
were also presented. When compared to the situation before the instruction, it was seen
that the reasons given by the students for gender increased in number. In line with this,
it can be said that students’ awareness of gender has improved while questioning the
reasons for the situation.
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Before the instruction, in the case of the situation, they put themselves in the
family’s place. 19 students stated that they would behave the same way, one student
said the person should be asked first, and one student indicated that the family should go
together. On the other hand, after the instruction, when they put themselves in the
family’s place, 17 students stated that they would act the same way, three students said
the family should move together, and one student stated the person should be asked
first. The reasons for these views are given in Figure 10.

Figure 10
Reasons for the Students’ Empathy in the Fifth Question

The significance of education
Not falling behind in education
Gender Having a job

sndent : .
r:::z;:‘c\r;t‘k]n” That the family also needs to move

Having a good future

Before the gt s -
instruction Not living difficulty
Reasons related That girls should not be disrespected
to gender(£:2) Girls' being responsible
Reasons for the
students' .
empathy in fifth The need to get education
question That the family also needs to move
Gender Having a job
independent  —— Not f fl J(t', h Jucali
reasons (f:14) Not falling behind in education
Moving near school
After the Being safe
nstruction

Girls' right to education
Reasons related ’

to gender (f:3) Blocking the education of girls in some

countries

As seen in Figure 10, some of the reasons given by the students before the
instruction were gender independent, while some of them presented reasons based on
gender. In the fifth question, it was determined that most of the reasons and
justifications presented by the students for the situation in the case were not related to
the gender issue. Based on this, it can be said that most of the students did not deal with
the case study on the subject of gender equality. After the instruction, it was determined
that most of the students presented reasons regardless of gender. However, it was also
observed that there were reasons associated with the gender issue.

In general, before the instruction, it was seen that the students were aware of
gender equality/inequality in some example cases, and in some cases, they were not
aware of it. However, it was observed that the reasons and justifications presented for
gender equality were less than those presented independently of the issue of gender
equality. From this point of view, it could be said that there was a need to improve
students’ awareness of gender equality before the instruction. In general, when the
situation before and after the instruction is compared and the reasons given by the
students regarding the case are examined, it can be said that there is an improvement in
students’ awareness of gender equality after the instruction.
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Findings Regarding the Views of Students Towards the Instruction

Students’ opinions on instruction were presented under six themes: positive
views, negative views on instruction, views on the differences of instruction from other
courses, changes in perspective, what was learned at the end of the instructional process,
and suggestions for the instructional process. The positive views of the students about
the instruction are given in Figure 11.

Figure 11
The Positive Views of Students on Instruction

Being an enjoyable lesson (f:11)

Liking videos (123)

Liking following lessons (f211)
About teaching Lesson's being relaxing (f:1)

process Writing (f:1)

Liking the teaching (f:1)

Liking the awards (f:1)

Liking watching videos (f31)

Learning new information about gender (£:3)
Learning gender equality and discrimination (f:1)
Thinking that it can prevent stercotypes and

About gl?r';d“ discrimination (f31)
S Not being able to learn these topics without it (f:1)
. Providing raising awareness (£:1)
Positive views on ¥ hts of e £1
fatrantion Learning the rights of women and men (f:1)

Getting to know the life of different people (£:1)
Social media topics’ being interesting (f11)

About content —

Knowing scicntists (f:1)
Equality topic's being interesting (f:1)

About teacher Teacher's being friendly (f:1)

About the skills Developing interpretation skill (f:1)

As seen in Figure 11, the students’ positive views on instruction were gathered
under five themes, which were about the teaching process, gender equality, content,
teacher, and skills. Students put forward some views as it being an enjoyable lesson,
learning new information about gender topics and learning gender equality and
discrimination. The negative views of students on instruction are shown in Figure 12.

Figure 12
The Negative Views of Students on Instruction

‘Sometimes having too many worksheets (f:3)
D Sometimes doing continuous writing (f:2)
About activities ———— Short videos (f:1)
| Videos' not being age appropriate (f:1)
Negative views on ' Very few videos (f:1)
instruction )

: } |Sometimes boring (f:1)
About teaching |_| Boring first weeks (f:1)

process
| Being recorded by camera (f:1)
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It is observed in Figure 12 that students’ negative views on instruction were
placed under two themes: activities and the teaching process. Students mostly
mentioned sometimes having too many worksheets and sometimes doing continuous
writing. Students’ views about the instructions’ differences from the other courses are

presented in Figure 13.

Figure 13

The Views of Students on the Instruction’s Differences from Other Courses

Being fun (£:10)

Being energetic (121)
About teaching process ————— Doing activities (f:1)

Recording on camera (1:1)

Being independent (f:1)

Easier topics (£:4)

S About content
Instruction's

differences from other Different topics (1:1)
courses

’(l;_o?ics' being associated with gender equality
:2)

Better understanding of gender equality (f:1)

Aoyt geluings Getting to know new people's lives (f:1)

Being enjoyable (£:1)
About teacher —Betng soft (:1)
Being calm (f11)

Four students stated that the instruction did not differ from other courses. As
shown in Figure 13, students’ views on the instruction differences from other courses
were grouped under four sub-themes: About teaching process, content, gainings, and
teacher. The students mostly mentioned that the lesson was fun, the topics were easier,
and the topics were associated with gender equality. Changes in students’ perspectives

are presented in Figure 14.

Figure 14

Changes in Students’ Perspective

Thinking that men could wear pink (£:3)

Starting 1o disapprove gender discrimination (f:2)
Changing stereotypes about women (132)
Disapproving stercotypes (f:1)

behavior change regardless of gender (1)

of gender (f21)
Thinking that women can do something too (1:1)
| Thinking that women can wear blue (f:1)

Changes in
perspective

About awarceness

raising bt Realizing that less attention paid to women(f:1)

;Rcalizing that women are not employed (f:1)
%Incrcasing knowledge about gender(f16)
— Deepening your knowledge of gender (£32)
|Completing the knowledge gap on gender (f31)

About knowledge
acquisition

About thought and Learning that the desired profession can be chosen

Leaming that the desired sport could be done regardless

jPaying more attention to what is happening around (f21)
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Four students stated that there was no change in their point of view, and they
thought similarly before the instruction as well. As can be seen in Figure 14, it was
grouped under three sub-themes: about thought and behavior change, awareness raising,
and knowledge acquisition. In this context, it was mostly mentioned about the increase
in knowledge about gender, thinking that men could wear pink, starting to disapprove of
gender discrimination, changing stereotypes about women, and deepening of knowledge
about gender. Student views on what was learned at the end of the instructional process
are presented in Figure 15.

Figure 15
What’s Learned After the Instruction

' That women and men have the equal rights (f:4)
That women and men are equal (f:3)
The need for not doing gender discrimination (f:2)
That women and men can do any job (f:1)
The difficulties of women form past to present (f:1)

About gender | That own and world's perspective is in favor of men (fi1)

topic
That housework is not only for women (f:1)
That gender inequalities created by humans(f:1)
What's learned That men could wear pink and women could wear blue (f:1)
after the Girls' not being sent to school (f:1)

e Women's not being hired for some jobs (f:1)

That people are equal (f:2)
What discrimination is (£1)
The lives of different people (£:1)

In general

As a result of the instructional process, one student mentioned that they were
already familiar with these topics, while two others provided very general responses,
stating that they had learned everything. As seen in Figure 15, what was learned at the
end of the instruction was gathered under two sub-themes about gender topics and in
general. Within this context, they stated that they mostly learned that women and men
have equal rights, that women and men are equal, that there should be no gender
discrimination, and that people are equal. The suggestions made by the students
regarding the instructional process are given in Figure 16.

Figure 16
Suggestions regarding the Instructional Process

Playing games (:7)
There being awards (£:4)
More videos (f:2)
Worksheets' being more fun (f:1)
Suggestions Less videos (1)
rcgnrding Not doing writing (f:1)
instructional process

About activities

A longer instructional process (££3)
Continuing education (f:2)

About the process
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As seen in Figure 16, students’ suggestions regarding the instructional process
were grouped under two sub-themes: about activities and the process. Students mostly
indicated that games could be included, awards could be offered, and continuing
education should be offered.

Results and Discussion

Before the instruction, when the awareness of the students in the sixth grade of
middle school was examined, it was found that the students noticed gender inequality in
the cases where there was a clear discourse of gender discrimination when the reasons
for their opinions were examined, it was determined that they presented reasons
independent of gender. In case studies involving implicit cases of gender
equality/inequality, a small number of students did not realize gender
equality/inequality; when the reasons for their opinions were examined, it was
determined that they mostly presented gender-independent reasons. In line with the
answers to the second, third, and fifth questions, it can be said that they did not notice
the situation regarding gender equality/inequality; however, in the first and fourth
questions, they noticed the gender inequality in the case. In the cases in these questions,
it is clear that injustice was done to individuals due to gender stereotypes, but in the
cases given in the second and fifth questions, there were situations involving equality,
contrary to injustice. As for the case in the third question, there was exclusion instead of
injustice. For this reason, they may have associated the students’ explanations for the
first and fourth questions more with the subject of gender. In addition, when the answers
given to the questions were examined, it was determined that while the most reasons for
the gender issue were given in the fourth question, in the third question, the least
number of reasons for the gender issue were given. Based on this, it can be said that
there were deficiencies in gender equality before the instruction and training were
needed on this subject. Similar results were obtained with the needs analysis research
conducted for this study (Turhan Tiirkkan et al., 2018a). In similar studies conducted in
Turkey, it has been determined that primary and middle school students have
stereotypes and negative opinions about gender equality (Turhan Tiirkkan et al., 2018a;
2018b; Baggeli Kahraman & Basal, 2011; Kalayc1 & Hayirsever, 2014; Kili¢ et al.,
2014; Yesil & Balc1 Karaboga, 2021; Yolcu, 2021; Yolcu & Sari, 2018). As a matter of
fact, in different studies on this subject at the middle school level, it is stated that there
is a need for education on gender equality (Acar-Erdol & Goziitok, 2017). In line with
this, it can be said that it would be beneficial to improve the students’ awareness
regarding gender equality in the classroom where the instruction was conducted.

In order to determine how interdisciplinary teaching on gender equality in the
sixth grade of middle school contributed to students’ awareness of gender equality, the
reasons given by the students before and after the instruction were examined. In the
first, second, third, and fifth questions, it was seen that the reasons given by the students
related to gender increased in number compared to the situation before the instruction.
Based on this, it could be said that students’ awareness of gender has improved while
questioning the reasons for the situation. However, in the fourth question, it was seen
that the reasons given by the students related to gender did not change in number
compared to the situation before the instruction. In the context of the fourth question, it
could be inferred that the students’ awareness of gender was at a good level before the
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instruction while questioning the reasons for the situation, and there was not much
change after the instruction. However, in general terms, it can be said that the
instruction increased students’ awareness of gender equality. In studies conducted at
primary and middle school levels, it has been concluded that gender equality education
is effective in reducing students’ prejudices towards gender, developing concept
knowledge about gender, changing their perspectives on gender roles, and raising
awareness of gender equality (Akita & Mori, 2022; Brinkman, 2009; Se¢gin & Kurnaz,
2015; Yesil & Balc1 Karaboga, 2021; Yolcu, 2021). In this respect, it could be said that
gender equality education positively effects the individual and social context.

When the students’ views on the instructional process were analyzed, it was seen
that the number of positive opinions about the process was high, and they also presented
negative opinions, even a few. However, it has been determined that the instruction
differs from other courses, especially in terms of teaching, creating positive changes in
the students’ perspective, and increasing their learning about the subject. The subject of
gender equality must come to the fore in the opinions expressed by the students, and this
situation gives rise to the idea that it increases students’ awareness of the subject. In this
context, it confronts us as an important outcome for students to gain knowledge and
awareness about gender equality and to create positive thinking and behavior changes.
Based on this, it could be indicated that instruction positively effected students. When
the studies on gender equality education and practices are examined, it is seen that
education for gender equality creates a positive change in gender attitudes from
traditional to egalitarian attitudes (Ozcan, 2012), improves gender perception (Altinova
& Adigiizel, 2013), and increases gender sensitivity. (Esen, 2013), improves gender
attitudes and raises awareness (Secgin & Kurnaz, 2015). As seen from the results of
these studies, gender equality education positively effects individuals. However, it was
determined that some arrangements should be made for the worksheets and videos on
the negative opinions of the students and their suggestions to improve the instruction.
With respect to this, it can be said that it would be beneficial to improve the teaching
activities carried out.

A significant result of this study is also that it is possible to integrate the topic of
gender equality with mathematics, science, and ITS courses. From this point of view, it
can be said that numerical courses can be a tool for raising awareness about gender
equality. Although no study directly integrates gender equality with mathematics
courses, when the results of studies that associate mathematics courses with social
issues are examined, it has been determined that students have achieved positive
outcomes on issues such as equality and social justice (Allen, 2003; Brantlinger, 2007;
Gutstein, 2003; Harper, 2017; Johnson, 2005; Koestler, 2010; McNamee, 2013; Turhan
Tiirkkan, 2017; Voss, 2015; Wonnacott, 2011). a study incorporating technology for
social justice education concluded that technology can effectively support educational
initiatives and actions related to social justice (Mitchell, 2015). Based on this, it is
considered that social issues could be included not only in social field courses but also
in numerical field courses, and they could be conducted through interdisciplinary
instruction.

Considering the positive effects of gender equality education on students,

suggestions for practice and future studies were created. These recommendations are
presented below:
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e As gender equality education increases students’ awareness of gender equality,
this instructional practice could be extended to the whole country and included
in courses’ curricula in an interdisciplinary way.

e This study was conducted with middle school sixth-grade students. Similar
studies can be carried out at primary education and high school levels.

e This study was carried out for mathematics, science, and ITS courses. In this
context, other studies can focus on the integration of different courses.

e This study was carried out with a qualitative method. In other studies, will be
conducted in this context, quantitative tools such as scales and tests can be used.

e The case study design was used in this study and was limited to the effects of the
instruction on students. In the studies to be carried out in the same context, more
detailed studies can be conducted using designs such as action research,
ethnography, etc.

e Only students are included as data sources in this study. Stakeholders such as
teachers, administrators, and parents can also be included in the studies to be
carried out.
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Appendix: Views Form on Gender Equality

1) Ayse and Ali are seventh grader twins. Both wants to be computer engineers after
graduated from high school. However, her family doesn’t want Ayse to be an engineer.
They do not find it right for women to be engineer so they hinder Ayse. On the contrary,
his family supports Ali’s wish for being an engineer as he is a male. In this case,
regarding family’s thoughts and behaviors;

a) | find it right.

b) 1 do not find it right

c¢) I am undecided

B oAU, oot

2) Ozan is a 15-year-old boy. Ozan’s mother and father are teachers. Ozan’s parents are
usually very tired when they come home. For this reason, Ozan helps his family in
preparing the meal, setting the table and washing the dishes in order to prevent his
parents from getting tired more. He helps his family as much as he can in house
cleaning on weekends. In this case, about Ozan’s helping his family in households;

a) | find it right.

b) 1 do not find it right.

c) I am undecided.

B CaUS e, oot

3) Damla is a middle school sixth grade girl who loves football very much. As she likes
to play football, she plays during breaks and in her spare time. However, her girlfriends
in the class criticize Damla’s playing football and exclude her. In this case, regarding
the behavior of Damla’s girlfriends towards Damla;

a) | find it right.

b) 1 do not find it right.

¢) I am undecided.

B CaUS e, . oo

4) Fatma is a very successful employee at her job. Fatma is 32 years old and has two
children. Fatma successfully manages her home life and business life, and does her stuff
at work without slacking off. A manager will be determined at Fatma’s workplace this
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month. Along with Fatma, two female employees and four male employees applied to
become managers. However, the owner of the workplace where they work did not
accept the applications of female employees, stating that women could not be managers,
and only accepted applications from male employees. In this case, regarding the
thoughts and behaviors of the owner of the workplace;

a) | find it right.
b) 1 do not find it right.
¢) I am undecided.

B oAU S, o et

What would you do if you were the owner of the workplace? Why?

5) Asli is a 16-year-old girl who continues her high school education. The village where
Asli lives is far from the nearest town where there is a high school, and in winter the
roads are very dangerous due to snow. Asli’s family supports the education of girls.
However, they think that Asli is having difficulties because her high school is far away.
Her family, thinking that Asli would not fall behind in education, bought a house in the
district where the high school is located and decided to live with her grandmother there.
In this case, this decision of Asli’s family;

a) | find it right.

b) 1 do not find it right.

c¢) I am undecided.

B oAU S, oot
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ABSTRACT: This study examines the effects of digital game-based and different educational programs on the
phonological awareness skills of 60-72-month-old children. The study group of the research consists of 60-72-month-
old children studying in kindergartens affiliated with primary schools. The study group was divided into three
experimental groups and one control group. There were 22 children in experimental group 1, 16 in experimental
group 2, 17 in experimental group 3, and 17 in the control group, totaling 72 children. In the study, a phonological
awareness education program was applied to experimental group 1, a digital game-supported phonological awareness
education program was applied to experimental group 2, a digital game-based phonological awareness education
program was applied to experimental group 3, and no intervention was applied to the control group. A quasi-
experimental design was used as the research model. The Study used the Early Literacy Skills Assessment Tool
(ELSA) and the Early Literacy Test for Preschoolers (ELTKC) as data collection tools. A pre-test was administered
to the study and control groups, and after the pre-test, educational programs were applied to the experimental groups
for ten weeks. After the educational programs were implemented, a post-test was administered to the experimental
and control groups, and a retention test was administered to the experimental groups. According to the results of the
study, it was determined that there was a significant difference between the experimental groups and between the
experimental groups and the control group.

Keywords: Phonological awareness, digital game, educational program, preschool education.

OZ: Bu arastirmanin amaci dijital oyun tabanh ve farkli egitim programlarinm 60-72 ayhk ¢ocuklarin ses bilgisel
farkindalik becerilerine etkisinin incelenmesidir. Arastirmanin galigma grubunu ilkokula bagli anasmiflarinda egitim
alan 60-72 aylik ¢ocuklar olusturmaktadir. Aragtirmada galigma grubu ii¢ deney ve bir kontrol grubu olmak tizere dort
farkli gruba ayrilmistir. Deney grubu 1°de 22, deney grubu 2’de 16, deney grubu 3’de 17 ve kontrol grubunda 17
cocuk olmak iizere toplam 72 c¢ocuk bulunmaktadir. Arastirmada deney 1 grubuna; ses bilgisel farkindalik egitim
programi uygulanmis, deney 2 grubuna dijital oyun destekli ses bilgisel farkindalik egitim programi uygulanmas,
deney 3 grubuna dijital oyun tabanli ses bilgisel farkindalik egitim programi uygulanmis, kontrol grubuna ise higbir
miidahalede bulunulmamistir. Arastirmanin modeli olarak yari deneysel desen kullanilmistir. Arastirmada veri
toplama araglar1 olarak Erken Okuryazarlik Becerilerini Degerlendirme Araci (EOBDA) ve Anasimiflarina Yonelik
Erken Okuryazarlik Testi (EROT) kullanilmistir. Calisma gruplarina ve kontrol gruplarina 6n test uygulanmis ve 6n
test sonrasinda deney gruplarma on hafta siireyle egitim programlart uygulanmistir. Egitim programlari
uygulandiktan sonra deney gruplarma ve kontrol grubuna son test, deney gruplarina kalicilik testi yapilmustir.
Arastirmanin sonuglarina gore deney gruplari arasinda ve deney gruplari ile kontrol grubu arasinda anlamli farklilik
oldugu tespit edilmistir.

Anahtar kelimeler: Ses bilgisel farkindalik, dijital oyun, egitim program, okul 6ncesi egitim.
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Quality preschool education affects children’s school success in primary school
and further education levels. The most important factors affecting literacy success in
primary school are quality early literacy education and phonological awareness
education given in the preschool period (Bentin et al., 1991; Castles & Coltheart, 2004;
Goswami, 2003; Justice & Vukelich, 2008; Kostelnik et al. al., 2019; Kozminsky &
Kozminsky, 1995). Phonological awareness is defined as an individual’s implicit and
explicit sensitivity to the sounds in the structure of spoken language (Pullen & Justice,
2003). Phonological awareness is a starting point for understanding the relationship
between a sound and the letters in the alphabet that represent it. It starts at about age
three and develops gradually over the years. This skill begins with word and syllable
awareness and continues with phoneme awareness, progressing toward the smallest
phoneme in the word. It is also stated that phonological awareness occurs when children
can hear and notice the boundaries of words (Christie et al., 2011; Morrison & Wilcox,
2012). Phonological awareness skills: realizing that the sentence consists of words,
noticing rhyming words and producing rhyming words, separating the word into
syllables, determining and matching the first/last sound of the word, determining the
word formed by adding sound and syllable to the word, determining the word formed
when the sound and syllable are removed from the word, the sounds forming the word
and syllable speaking skills form phonological awareness skills (Hempenstall, 2003;
National Reading Panel, 2000; Phillips et al., 2008; Yopp & Yopp, 2000).

Phonological awareness studies contribute to separating and combining sounds,
spelling, decoding, and reading during the reading process. Writing affects skills such as
understanding the principle of the alphabet, coding, understanding the relationship
between letters and sounds, and writing in accordance with the letters represented by
sounds (Busink, 1997; Cardoso-Martins et al., 2011; Castles & Coltheart, 2004; De
Jong, 2007; Martins & Silva, 2001; Schuele & Boudreau, 2008; Torgesen & Mathes,
1998). High-quality phonological awareness education, which includes quality
educational environments, methods, and techniques and the implementation process that
children are exposed to in the preschool period, enables children to be successful in
reading and writing skills in the future, and the effect of this success continues in the
first and second grades of primary school (Casalis & Colé, 2009; Hogan et al., 2005). In
the studies, it has been determined that enriching the educational environment and
learning centers with visual stimuli related to phonological awareness, using visual and
audio-sensory cards, and authentic materials supports the development of phonological
awareness skills (Chambers et al., 2016; Franc & Subotic, 2015; Sucena et al., 2023).
The studies determined that children’s rhyme, syllable, and sound awareness skills were
supported by the use of children’s books that comply with content standards and
interactive book reading methods (Elmonayer, 2013; Lefebvre et al., 2011; Lenhart et
al.,, 2022; Mihai et al.,, 2015; Stadler & McEvoy, 2003; Symmonds, 2020). As a
different method in phonological awareness education, poetry-based education
programs in which poems are used for children have also been found to improve
phonological awareness positively (Lennox, 2014; Lim & Chew, 2018; Nichols et al.,
2018). It has been determined that word games played by changing the sounds and
syllables in the word, visual cards, and games played using different materials positively
affect phonological awareness (Arias, 2023; Luna, 2021). In phonological awareness
studies using rhymes and finger games, rhyme awareness provides the development of

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 202-235



204 Mehmet Oguz GOLE & Zeynep Fulya TEMEL

skills to combine sounds and syllables (Bolduc & Lefebvre, 2012; Harper, 2011;
Incognito & Pinto, 2023; Redig, 2018). Singing children’s songs, writing songs with
children, and practicing rhythm improves syllable awareness, rhyme, sound awareness,
and sound combining skills (Degé & Schwarzer, 2011; Del Egido, 2023; Moritz et al.,
2013; Patria, 2023; Rowe et al., 2023).

Many different materials are used in the learning environment for children’s
phonological awareness skills. Nowadays, tablets and smartphones are essential to
children’s daily lives, and digital games are among children’s game preferences and
attract attention (Mertala & Merildinen, 2019; Rideout, 2011; Shuler, 2012). Therefore,
it is seen that digital games are essential in the education process in terms of increasing
the diversity of materials and a qualified phonological awareness educational
environment for children (Bennett & Parise, 2014; Saracho & Spodek, 2002; Selwyn,
2016; Sheridan et al., 2011; Zevenbergen, 2007). Digital game-based learning has
emerged by incorporating digital games into the educational process. Digital game-
based learning refers to learning that takes place through digital games. It encompasses
learning through playing games or developing games (Becker, 2017). Using digital
games in the educational process; critical thinking, problem-solving, knowledge
construction (Moyer et al., 2002), using digital games in the educational process; critical
thinking, problem-solving, knowledge construction (Moyer et al., 2002), matching,
classifying, sorting, counting and coding (Pila et al., 2019; Stephen & Plowman, 2014),
cognitive skills such as discovery, creativity, as well as acting autonomously,
cooperation, intrinsic motivation (Arnott, 2013; Ferrari & Addessi, 2014; Lennon et al.,
2022; McClarty et al., 2012; Ryan et al., 2006; Xiong et al., 2022), it also supports
phonological awareness skills, one of the early literacy skills, as well as social skills
such as. Studies conducted using digital games have shown contributions to the
development of subdimensions of phonological awareness, such as syllable awareness,
segmentation of words into syllables (Da Silva et al., 2022; Elimelech & Aram, 2020),
syllable merging, syllable deletion from words (Amorim et al., 2020), rhyme detection,
and rhyme matching (Goffredo et al., 2016; Puolakanaho et al., 2003; Van Goch et al.,
2017), initial sound identification, matching words with the same initial sounds, sound
deletion from words, blending sounds and syllables (Arnold et al., 2021; Cameron,
2023; Li et al., 2020; Sa et al., 2022), word segmentation into sounds, and letter
knowledge (Kartal & Terziyan, 2016), as well as coding skills (Weiss et al., 2022).

Research has identified various methods, techniques, applications, and
educational programs implemented to enhance children’s phonological awareness skills.
These studies have found that educational programs utilizing poetry, nursery rhymes,
children’s songs, and books, as well as gamified activities, support children’s
phonological awareness skills (Arias, 2023; Bayraktar & Temel, 2014; Del Egido, 2023;
Incognito & Pinto, 2023; Rowe et al., 2023). Furthermore, research conducted on
phonological awareness has concluded that digital games have the potential to enhance
children’s syllable, rhyme, and phonological awareness skills (Arnold et al., 2021;
Kartal & Terziyan, 2016; Oliva-Maza et al., 2021; Vinter et al., 2022). When we look at
the research above, the effectiveness of digital game-based, digital game-supported, and
phonological awareness studies implemented with different methods was compared
with the control group. However, few studies compare the effectiveness of various
educational programs among themselves and the control group. The research conducted
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is essential in terms of being comprehensive and trying to determine the effectiveness of
various educational programs for phonological awareness (digital game-based, digital
game-supported, educational programs where different methods are applied) by
comparing them between the programs and the control group. It is also thought to be a
guide in determining and selecting phonological awareness educational programs for
children.

This study examines the effects of different education programs (phonological
awareness education program, digital game-supported phonological awareness
education program, and digital game-based phonological awareness education program)
on the phonological awareness skills of 60-72-month-old children. For this general
purpose, Is there a difference between the different education programs applied to the
experimental groups in improving the phonological awareness skills of 60-72 children?
Is there a difference between the experimental and control groups, in which different
educational programs were applied to improve the phonological awareness skills of 60-
72 children? Do the education programs applied to the experimental groups
increase/improve retention? Answers to these questions were sought.

Method

A quasi-experimental design was used in this research to examine the effects of
digital game-based and different educational programs on the phonological awareness
skills of 60-72-month-old children. Cohen et al. (2017) state that it is only sometimes
possible and challenging to determine the experimental and control groups by random
assignment in empirical studies conducted in educational settings. Quasi-experimental
designs are studies conducted without random assignment of participants to groups. In
this model, the researcher does not assign impartially to the experimental and control
groups, and the effect of the applied intervention on the experimental group is examined
(Mertens, 2019). Since this research was conducted in an educational institution, a
quasi-experimental design was used. Research-ready groups were matched in terms of
phonological awareness skills without random assignment. Experimental and control
groups were equally unbiased regarding phonological awareness skills. The research
consists of three experimental groups and one control group. These groups are shown in
Figure 1 below.

Figure 1
Study Groups and Applied Programs of the Research

Control Group
Non-Education
Group

Experimental
Group 3
Digital Game-Based
Phonological
Awareness

Experimental
Group 1
Phonological

Awareness
Education Program

Education Program

Experimental Group 3
Digital Game Supported
Phonological Awareness
Education Program
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When examining Figure 1, it can be observed that the research study consists of
four groups in the study group: experimental group 1, experimental group 2,
experimental group 3, and the control group. The phonological awareness education
program was applied to experimental group 1, the phonological awareness education
program supported by digital games was applied to experimental group 2, and the
digital game-based phonological awareness education program was applied to
experimental group 3. The Control group did not receive any specific education and
continued with the implementation of the 2013 Preschool Education Program in the
classroom. Ministry of National Education [MoNE] (2013) Preschool Education
Program is a national preschool education program applied to the control group.
However, the program offers flexibility to the teacher regarding which methods will be
used to help children achieve the objectives. Therefore, it is at the teacher’s discretion
which methods the teacher teaching the control group will use for phonological
awareness skills. In addition, although there is no technology center in the classroom
where the control group receives educational, there is a smart board. However, it was
determined that there was no digital game application on the smart board. Pre-test, post-
tests, and retention tests were conducted to measure and compare the effectiveness of
the programs. Retention testing can be done at least two weeks after educational
programs are implemented (Haynie, 1997). In the study, the permanence test was
performed three weeks after the last test was applied.

Study Group

In this research, criterion sampling, one of the purposeful sampling methods,
was used. Purposive sampling is a sampling technique chosen due to its alignment with
the specific purpose of the research and is preferred because of the unique
characteristics of the sample elements (Check & Schutt, 2012; Newby, 2010). In this
context, it was determined through discussions with school principals and preschool
teachers whether educational programs aimed at supporting phonological awareness
skills had been previously implemented in nursery schools and preschool classes
affiliated with the Ministry of National Education. This approach identified preschool
classes where no phonological awareness education program had been participated in,
and voluntary participation was sought. The study group of the research consists of a
total of 72 children in the 60-72 month age group who received education in preschool
classes where a phonological awareness skill-supporting educational program had not
been previously implemented within an elementary school affiliated with the Ministry
of National Education in Afyonkarahisar city center. Among these are 22 children in
experimental group 1, 16 in experimental group 2, 17 in Experimental group 3, and 17
in the Control Group.

In quasi-experimental studies, no precise rule for determining the appropriate
sample size exists. However, it is mentioned that conducting a study with groups of 30-
40 individuals may provide researchers with various advantages in terms of the
generalizability of research results and the availability of robust statistics (Biiyiikoztiirk
et al., 2014). The research sample was formed using a cluster sampling technique.
Cluster sampling is a method where groups are selected randomly rather than individual
individuals. All members of the selected groups have similar characteristics. Any group
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with similar characteristics and no inference made is called a cluster (Ozen & Giil,
2007). Information about the study group of the research is provided in Table 1.

Table 1
Participant Demographic Information

Experiment ~ Experiment  Experiment
Control Group Total
Group 1 Group 2 Group 3

n % n % n % n % n %

60-66 Month 8 364 6 375 11 647 10 588 35 486

Aoe 67-72 Month 14 636 10 625 6 35.3 7 412 37 514
Girl 14 63.6 9 56.3 12 70.6 9 529 44 611
Gender
Boy 8 36.4 7 43.8 5 29.4 8 471 28 389
Firstborn 4 182 4 25 5 29.4 2 118 15 208
Birth Order Middle Child 8 36.4 8 50 6 35.3 3 176 25 347
Last Child 10 455 4 25 6 35.3 12 706 32 444
One 3 13.6 0 0 2 11.8 1 5.9 6 8.3
Number of Children in the Family ~ Two 14 636 11 688 10 588 8 471 43 597
Three 5 22.7 5 31.3 5 29.4 8 471 23 319
0-6 1 4.5 2 12.5 2 11.8 1 5.9 6 8.3
7-12 13 591 13 813 8 47.1 15 882 49 681
Attending a Preschool Institution ~ 13-18 4 182 0 0 3 176 1 5.9 8 111
19-24 2 9.1 1 6.3 2 11.8 0 0 5 6.9
25 and over 2 91 0 0o 2 118 0 0 4 586

When Table 1 is examined, it is seen that there are 22 children in experimental
group 1, 16 children in experimental group 2, 17 children in experimental group 3, and
17 children in the control group. When the ages of the children are examined, in
experimental group 1, 60-66 month-old children are 8 (36.4%), 67-72 month-old
children are 14 (63.6%), in experimental group 2, 60-66 months old 6 (37.5), 10
(62.5%) if 67-72 months old, 11 (64.7%) 60-66 months old, 6 (35.3%) 67-72 months
old, 60-66 months old when the control group is examined It is seen that the children
are in the age range of 10 (58.8%) and 7 (41.2%) between 67-72 months. When the
children are examined in terms of gender, it is seen that the number of girls is 44
(61.1%) and the number of boys is 28 (38.9%). When examined in order of birth, the
children participating in the study were the last child at most, 32 (44.4%) and the least
the firstborn was 15 (20.8%). Considering the number of children in the family, there
are at most 2 (63.6%) and at least 6 (8.3%) single children in the families of the children
participating in the study. Considering the pre-school education status of the children
participating in the research, it is seen that 49 (68.1%) children attend school between 7
and 12 months and continue for at least 25 months and above (5.6%).

Data Collection Tools

In the study, the Early Literacy Assessment Tool (ELST) and the Early Literacy
Test for Kindergarten Children (ELTKC) were used to evaluate the phonological
awareness skills of the experimental and control groups.
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Early Literacy Skills Assessment Tool (ELST)

The measure used to examine early literacy skills in preschool children was
developed by Karaman and Aytar (2016). It applies to children between the ages of 48
and 77 months. The scale consists of 5 subtests: phonological awareness, story
narration, matching pictures, writing awareness, and pre-writing skills. This study used
the phonological awareness subtest as the research objectiveln the phonological
awareness skills subtest, there are five factors, which include matching rhyming words
(9 items), matching words with the same initial sound (6 items), identifying initial
sounds (21 items), blending sounds (7 items), and segmenting syllables and sounds (10
items). The reliability of the Phonological Awareness Skills Assessment subtest is
indicated by a KR20 reliability coefficient of .91, and the test-retest reliability value is
.92. The test’s scoring is as follows: incorrect responses receive 0 points, correct
responses receive 1 point. In the case of no response, the question item is repeated three
times, and if there is still no response, O points are given. The test is administered
individually and takes approximately 45-60 minutes. The evaluation of the test involves
calculating the average score obtained by the children in the group, and then each
child’s score is assessed concerning the average score.

Early Literacy Test for Kindergarten Children (ELTKC)

The measurement tool used to assess early literacy skills in preschool children
was developed by Kargin et al. (2017). It consists of subtests for expressive language,
fluent language, functional knowledge, general naming, listening comprehension,
phonological awareness, and letter knowledge. In this study, the phonological
awareness subtest of the test was used. The phonological awareness subtest also
comprises eight subtests, which include segmenting sentences into words, syllable
segmentation, rhyme awareness, matching initial sounds, matching final sounds,
syllable blending, deleting final sounds, and deleting initial sounds. Each subtest
contains four items. The overall reliability coefficient of the scale is .94. The Spearman-
Brown two-half reliability value is .79. The reliability of the phonological awareness
subtest is indicated by a KR20 value of .87, the test-retest reliability coefficient of .70,
and a Spearman-Brown two-half reliability value of .67. The scale can be administered
to children in the age group of 60-72 months. Scoring for the test involves assigning 0
points for incorrect answers and 1 point for correct answers. Assessment is conducted
based on the cutoff point, and the cutoff point for the phonological awareness subtest is
50.

When examining the assessment tools used in the research, it is observed that the
sub-factors within phonological awareness tests differ. Different assessment tools have
been used to comprehensively investigate the effectiveness of the applied educational
programs in the research.

Analysis of Data

Since the number of participants in the experimental and control groups is less
than thirty, non-parametric analysis methods can be employed for data analysis
(Biiytikozturk, 2013). Consequently, the Mann-Whitney U test has been used to
compare the pre-test data. Additionally, the Wilcoxon Signed-Rank Test has been
utilized to compare the pre-test to the post-test and the post-test to retention test scores.
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Preparation and Implementation of Education Programs

Within the scope of the research, a phonological awareness education program, a
digital game-based phonological awareness education program, and a digital game-
supported phonological awareness education program were developed. During the
preparation process of the program, the aim was to create a comprehensive program
focusing on phonological awareness skills. Therefore, a review of the relevant literature
and scales related to phonological awareness skills was conducted. As a result of these
reviews, decisions were made regarding which phonological awareness skills would be
covered in the program. It was then compared with the achievements and indicators for
phonological awareness in the currently implemented Preschool Education Program for
36-72 72-month-old children (MoNE, 2013). As a result of the comparisons, it was seen
that there were differences between the phonological awareness gains in the program
and the phonological awareness skills determined for the research. Due to these
differences, skills such as word awareness, syllable segmentation, determining the
number of syllables in a word, syllable deletion, blending syllables, deleting the
first/last sound in a word, and sound blending were added to the outcomes and
indicators of the educational programs implemented in the research. After determining
the outcomes and indicators, the educational programs were prepared. The prepared
educational programs were child-centered, spiral, gamified, actively participatory, and
interactive and aimed to transition from the known to the unknown, avoiding didactic
approaches. Furthermore, the digital game was prepared following Gestalt theory,
Gagne’s instructional conditions model, and cognitive load theory. After the educational
programs were developed, they were sent to three academics specializing in program
development for evaluation. The academics stated that the programs were appropriate
regarding outcomes, indicators, the learning process, assessment, and materials.
Subsequently, the programs were implemented with the experimental groups. The first
researcher carried out the implementation of the educational programs prepared for the
experimental groups. In the spring semester of the 2021-2022 academic year, practices
were carried out in the classrooms where children were educated on Tuesdays and
Wednesdays of the week. The researcher attended the children’s education for three
days so that the children could get to know the researcher and establish interaction
between them. Then, the pre-test and implementation phase started. A phonological
awareness educational program was applied to the Experiment 1 group. In this
educational program, various activities were carried out using different methods in
Turkish, drama, mathematics, music, games and pre-literacy preparation activity types
and activity types. For example, methods and techniques such as shared reading and
drama were used in the Turkish activity, and problem solving in the music activity.
Natural objects, toys or object images, game cards, puppets and similar materials were
used in these activities. The activities were carried out in the form of individual, large
and small studies. Care was taken to ensure a diverse array of materials in the activities,
providing with the opportunity to choose materials, reflect on their own thoughts, and
have their preferences implemented. For example, by allowing children to create poems
as a group and stories individually, add different words to songs, use different materials
in the classroom, and add rules to games (which will not affect the acquisition of
phonological awareness skills), the education process was designed to be flexible,
ensuring active participation from the children. Additionally, a listening and writing
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center was established in the educational environment for both Experimental group 1
and Experimental group 2, and adjustments were made in other centers according to the
activities included in the program. The centers were updated with different materials
every week. Experimental group 1 received the phonological awareness education
program for ten weeks, with two weekly sessions, each lasting approximately 30
minutes.

Experimental group 3 received the digital game-based phonological awareness
education program, administered for ten weeks with two sessions per week. The
duration of each session ranged from approximately 20-25 minutes. The digital game
reflects phonological awareness skills. First of all, sentences, words, and instructions to
be presented to children reflecting each phonological awareness sub-skill were
determined. In determining the sentences, words and instructions, Memoglu-
Siileymanoglu’s (2014a) Turkish Frequency Dictionary and Turkish Reverse Frequency
Dictionary (2014b) studies were utilized (Gokmen, 2007; Gorgiin, 2020; Keklik, 2010,
2011; Sahin Kamish et al., 2015; Savas & Turan, 2011; Topbas, 1996; Topbas, 2006).
Then, it was sent to academics working in the field of curriculum to check the
appropriateness of words, sentences, and instructions. In line with the feedback from the
academics, words and sentences that were not suitable for children were removed, and
the instructions were organized. For example, the word kaleidoscope was removed,
considering that it is a word that children rarely encounter in their daily lives.
Afterwards, a meeting was held with the Sekizdesekiz company, and a game was
prepared using words, sentences, and instructions. Visuals suitable for the words,
sentences and instructions were prepared and vocalized by Firma. This process
continued with an exchange of views between the researchers and the company. For
example, when it was thought that children could not make sense of the prepared visual,
the visual was drawn differently. Or the necessary ideas were exchanged to ensure that
the vocalization attracted children’s attention and that the word or sentence was clearly
understood. In this process, the visuals and vocalizations were transferred to the game
application Sekizdesekiz used. The company’s game application can be installed on
smart boards, computers, and tablets. In the research, the application was installed on
smart boards. In the process of playing digital games, the study was conducted as a
large group so that each child could play the game at the same time. The tool for this
was the remote controllers prepared by the company for large group work. A remote
control was defined for each child, and children used their own remote controls during
the application process. After the game application is opened, each child defines his/her
own remote control. Next comes the interface of the game (visuals, the spelling of
words, background, etc.), followed by the instructions for the sentences, words, and
voiceover. This allows children to listen and see, appealing to multiple senses. After
listening to the instructions and words, children tap the remote control button to give the
correct answer.

Experimental group 2 received the digital game-supported phonological
awareness education program. For this group, the phonological awareness education
program was applied, which included activities using natural objects, toys or visuals of
objects, game cards, puppets, and similar materials (Turkish, drama, mathematics,
music, play, and pre-literacy preparation). After each application, a digital game
explicitly prepared for that skill was played. For example, after participating in an

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 202-235



The Effect of Digital Game-Based and Different Education... 211

activity related to rhyme awareness, the children played a digital game related to the
rhyme. The program applied to Experimental group 2 lasted for ten weeks, with two
sessions per week, each lasting approximately 45-50 minutes.

The educational programs prepared for the experimental groups were structured
sequentially according to the phonological awareness dimensions specified in the
literature and included in the scales. For example, activities and digital games start with
sentence awareness and then continue with word awareness. After spelling the words
and determining the number of syllables in the word, studies are carried out on rhyme
awareness. Additionally, every three weeks, different materials, activities, and words
related to phonological awareness skills that had been previously covered were
introduced. This process also applies to the digital game. In the digital game, the
activities were arranged sequentially based on phonological awareness skills, and every
three weeks, review games with different words and visuals were played.

Ethical Procedures

An application was made to the Ethics Committee of the University to conduct
the research on 06.12.2021. The application to the ethics committee included a file
containing information about the research’s objectives, the measurement tools to be
used in the research, and details about the researchers. The ethics committee members
reviewed the file, and approval for the research was granted on 14.01.2022. The ethics
committee approval bears the date and file number 14.01.2022-E.264744.

Results

This section presents the findings related to the pre-test, post-test, and retention
test based on the ELTKC and ELST assessment tools for the experimental groups.

Comparison of Pre-test and Post-test Total Scores of Experimental Groups

In the research, to compare the effectiveness of the educational programs applied
to the experimental groups on children’s phonological awareness skills, a Kruskal-
Wallis H test was conducted to determine whether there was a significant difference in
the total scores of the pre-test and post-test based on the ELTKC assessment tool. The
results are presented in Table 2.
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Table 2

Kruskal-Wallis H Test Results for Pre-Test and Post-Test Total Scores of Experimental
Groups based on ELTKC

. Mean ) . Significant
Experimental Groups n Ranks X daf  p Difference
Experimental Group 1 22 42.18
- Experimental Group 2 16 40.84
ELTKC Pre-Test p ! p 5495 3 139 i
Total Experimental Group 3 17  28.09
Control Group 17 33.47
Experimental Group 1 22 48.02 4t
ELTKC Post-Test Experimental Group 2 16 46.50
C Post-Test  =Xper! P 32.994 3 .000* 4<2
Total Experimental Group3 17  36.21 4<3
<

Control Group 17 12.47

Total 72

*p<.05

When examining the ELTKC post-test total scores, a notable difference is
evident among experimental groups 1, 2, 3 when compared to the control group without
education (x* (df=3, n=72)=5.495, p=.000, p>.05). However, when the relationship
between experimental group 1, experimental group 2, and experimental group 3 is
examined, no significant difference is observed among the groups. Therefore, the
educational programs applied to experimental group 1, experimental group 2, and
experimental group 3 were effective compared to the control group.

The ELTKC pre-test and post-test scores of experimental group 1, experimental
group 2, experimental group 3, and the control group within the experimental group
were examined in terms of their means relative to the cutoff point of ELTKC. The
findings are presented in Table 3.

Tablo 3
Grouping of Pre-Test and Post-Test Scores According to ELTKC Cutoff Point
Pre-test Post-test
Below the Cutoff Above the Below the Above the
Point Cutoff Point Cutoff Point Cutoff Point

Groups n % n % n % n %
Experimental Group 1 18 81.8 4 18.2 1 4.5 21 95.5
Experimental Group 2 12 75.0 4 25.0 2 125 14 87.5
Experimental Group 3 17 100.0 0 0.0 1 5.9 16 94.1
Control Group 16 94.1 1 5.9 10 58.8 7 41.2

When examining the values in Table 3, it can be observed that in Group 1 of the
experimental group, there were 18 children below the cutoff point and four children
above the cutoff point in the ELTKC pre-test. After implementing the phonological
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awareness education program in Group 1, in the ELTKC post-test, 21 children in Group
1 were above the cutoff point, and one child was below the cutoff point. Looking at
Group 2, according to the ELTKC pre-test results, there were 12 children below the
cutoff point and four children above the cutoff point in Group 2. After applying the
digital game-supported phonological awareness education program to Group 2, in the
ELTKC post-test, there were two children below and 14 children above the cutoff point
in Group 2. Analyzing the data for Group 3, all the children in Group 3 are below the
cutoff point in the ELTKC pre-test. After playing the digital game, when the ELTKC
post-test results were examined, there was one child below the cutoff point and 16
children above the cutoff point in Group 3. Finally, looking at the control group,
according to the ELTKC pre-test results, there are 16 children below the cutoff point
and one child above the cutoff point. When examining the post-test results of the control
group, there were ten children below and seven above the cutoff point.

In the study, to compare the effects of the education programs applied to the
experimental groups on children’s phonological awareness skills, the total mean scores
of the groups were calculated using the Kruskal-Wallis H test to determine if there was
a significant difference in the ELST pre-test and post-test total scores. The results are
presented in Table 4.

Table 4

Results of Kruskal-Wallis H Test for ELST Pre-Test and Post-Test Total Scores Between
Experimental Groups

Experimental 0 Mean @ df . Significant
Groups Ranks P Difference
Exp. Group 1 22 40.41
- Exp. Group 2 16 40.09
ELST Pre- Test p p 2794 3 436
Total Exp. Group 3 17 33.29
Control Group 17 31.26
3<1
Exp. Group 1 22 50.50 1<t
<
2 Exp. Group 2 16 48.19
ELST Post- Test P p 38017 3 000 3<2
Total Exp. Group 3 17 31.18 1<
<
Control Group 17 12.71
4<3

Total 72

*p<.05

Table 4 reveals that there was no significant difference among the experimental
groups in terms of ELST pre-test total scores (x? (df=3, n=72)=2.724, p=.436, p>.05).
Hence, the experimental groups had similar phonological awareness skills at the
beginning. However, when examining the ELST post-test total scores, it can be
observed that there was a significant difference between experimental groups 1, 2, and 3
compared to the control group, indicating an increase in phonological awareness skills
in the experimental groups after the implementation of the education program.
Moreover, a significant difference was observed when comparing the experimental
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groups among themselves. This significant difference favors experimental group 1 when
compared to experimental group 3. There was no significant difference between
experimental group 1 and experimental group 2. Nevertheless, there was a more
significant increase in scores for experimental group 1 compared to experimental group
2 after implementing the education programs. Additionally, when comparing
experimental group 2 to experimental group 3, a significant difference was observed in
favor of experimental group 2.

The Examination of the Pre-Test Scores of the Experimental Groups Based
on Sub-dimensions

In the study, the Kruskal Wallis H test was conducted to determine whether
there was a significant difference in the ELTKC pre-test scores of the experimental
groups and the control group regarding phonological awareness skills, and the results
are presented in Table 5.

Table 5

Results of Kruskal Wallis H Test for Group Differences in Pre-Test Score Averages by
ELTKC Sub-dimensions

Experimental Groups n Mean Rank X2 df p*
Experimental Group 1 22 36.68
Experimental Group 2 16 43.09
Rhyme Awareness 4019 3 259
Experimental Group 3 17 37.26
Control Group 17 29.29
Experimental Group 1 22 38.95
Experimental Group 2 16 36.22
Matching by Initial Sound 2713 3 438
Experimental Group 3 17 30.00
Control Group 17 40.09
Experimental Group 1 22 35.93
Experimental Group 2 16 37.66
Matching by Final Sound 3.164 3  .367
Experimental Group 3 17 30.50
Control Group 17 42.15
Experimental Group 1 22 43.75
Experimental Group 2 16 34.56
Segmenting Sentences into Words 5,653 3 .130
Experimental Group 3 17 29.32
Control Group 17 36.12
Experimental Group 1 22 40.09
Experimental Group 2 16 34.56
Segmenting Words into Syllables Experimental Group 3 17 29.32 6.834 3 .077
Control Group 17 36.12
Experimental Group 1 22 43.00
Blending Syllables Experimental Group 2 16 35.19 398 3 .263
Experimental Group 3 17 32.32
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Control Group 17 33.50
Experimental Group 1 22 38.95
Experimental Group 2 16 38.44

Delete the Initial Sound in Words 4766 3 .190
Experimental Group 3 17 34.00
Control Group 17 34.00
Experimental Group 1 22 37.80
Experimental Group 2 16 40.03

Delete the Final Sound in Words 4176 3 .243
Experimental Group 3 17 35.00
Control Group 17 33.00

Total 72

*p<.05

When examining Table 5, it can be observed that there was no significant
difference in the pre-test scores and total scores of the ELTKC sub-dimensions among
the experimental groups and the control group (x> (df=3, n=72)=5.495, p>.05).
Therefore, the phonological awareness skill levels of the control and experimental

groups were similar concerning ELTKC sub-dimensions.

In the study, a Kruskal Wallis H test was conducted to determine whether there
was a significant difference in the ELST pre-test scores among the experimental and
control groups, and the results are shown in Table 6.

Table 6

Results of Kruskal Wallis H Test for Mean Pre-Test Scores by ELST Sub-Dimensions

Among Groups

Experimental Groups n Mean Rank X2 df p
Experimental Group 1 22 35.82
Matching Words Experimental Group 2 16 4131
Beginning with the 1.260 3 739
Same Sound Experimental Group 3 17 34.62
Control Group 17 34.74
Experimental Group 1 22 44.34
Experimental Group 2 16 35.34
Matching Rhyming Words 6.003 3 A11
Experimental Group 3 17 28.91
Control Group 17 35.03
Experimental Group 1 22 37.64
Finding the Beginning Experimental Group 2 16 35.81 3487 2 22
Sound of the Given Word Experimental Group 3 17 40.29 '
Control Group 17 31.88
Experimental Group 1 22 37.36
Producing Words That Experimental Group 2 16 36.44 257 3 860
Begin with a Stimulus Experimental Group 3 17 33.09
Sound
Control Group 17 38.85
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Experimental Group 1 22 38.30
Producing Words That Experimental Group 2 16 40.38
Start With the Same 1.764 3 .623
Sound Experimental Group 3 17 34.82
Control Group 17 32.21
Experimental Group 1 22 37.64
Experimental Group 2 16 41.06
Delete Syllables and 1673 3 643
Sounds Experimental Group 3 17 34.76
Control Group 17 32.47
Experimental Group 1 22 38.41
Experimental Group 2 16 40.66
Merge Sounds 4.439 3 .218
Experimental Group 3 17 27.74
Control Group 17 38.88
Total 72

*p<.05

When Table 6 is examined, it can be observed that there was no significant
difference in the mean ELST pre-test scores among the experimental groups and the
control group (x? (df=3, n=72)=2.724, p>.05). Therefore, the phonological awareness
skill levels of the control and experimental groups were similar according to ELST sub-
dimensions.

Examination of Experimental Groups’ Final Test Scores by Sub-Dimensions

In the study, in order to determine whether there was a significant difference in
the phonological awareness skills of the experimental groups and the control group
based on the ELTKC post-test scores, a Kruskal-Wallis H test was conducted, and the
results are presented in Table 7.

Table 7

Results of Kruskal-Wallis H Test for Mean Scores on ELTKC Sub-Dimensions in Terms
of Post-Test Scores by Groups

) Mean ) Significant
Experimental Groups n Rank X dp Difference

Experimental Group 1 22 46.82

<
Experimental Group 2 16 43.69 4<t
Rhyme Awareness 38.329 3  .000* 4<2
Experimental Group 3 17 40.65

4<3
Control Group 17 12.24
Experimental Group 1 22 42.18 4<1
i it Experimental Group 2 16 50.88 3<2
Matching by Initial 28700 3 .000%
Sound Experimental Group3 17  36.29 4<2
Control Group 17 15.82 4<3
i i Experimental Group 1 22 43.86 4<1
Matching by Final 33003 3 000*
Sound Experimental Group2 16 49.69 3<2
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Experimental Group3 17  37.88 4<2
<
Control Group 17 13.18 4<3
Experimental Group 1 22 45.64
Segmenting Experimental Group2 16 39.84 4<t
Sentences into ) 36.541 3  .000* 4<2
Words Experimental Group 3~ 17 42.97 4<3
Control Group 17 15.06
Experimental Group 1 22 41.41
4<1
; Experimental Group 2 16 38.22
Segmenting Words 18069 3 .000* 4<2
into Syllables Experimental Group3 17 40.94 4<3
Control Group 17 24.09

Experimental Group 1 22 39.50
Experimental Group 2 16 34.88
Blending Syllables 4334 3 228 4<1
Experimental Group 3 17 3741
Control Group 17 33.24

Experimental Group 1 22 45.98

Delete the Initial Experimental Group2 16 38.16 2<1
Sound in Words Experimental Group 3~ 17 30.06 10325 3o 4<1

Control Group 17 29.12

Experimental Group 1 22 45.09
Delete the Final Experimental Group2 16~ 43.91 4l
Sound in Words Experimental Group 3 17 37.91 22088 30007 j:z

Control Group 17 17.00

Total 72
*p<.05

Table 7 indicates that there was a significant difference in the mean scores of the
experimental groups and the control group in all sub-dimensions of ELTKC post-test
scores except for the “syllable merging” sub-dimension (x> (n=72; df=3)=32.994,
p<.05). According to the results of the Mann-Whitney U test conducted to determine
which groups differ, it has been found that the experimental groups scored significantly
higher than the control group in all areas except for the “syllable merging” and
“producing words that start with the same sound” sub-dimensions. Specifically, only
experimental group 1 had higher mean scores than the control group in all areas, and
additionally, experimental group 2 had significantly higher mean scores than
experimental group 3 in the “matching words beginning with the same sound” and
“matching rhyming words” sub-dimensions.

In the research, a Kruskal Wallis H test was conducted to determine whether

there was a significant difference in ELST post-test scores between the experimental
and control groups, and the results are shown in Table 8.
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Table 8

Results of the Kruskal Wallis H Test for Inter-Group Comparison of Mean Scores of
ELST Sub-dimensions at Post-Test

. Significant
2
Experimental Groups n Mean Rank X df Difference
Experimental Group 1~ 22 48.59 3<1
Matching Words Experimental Group2 16 4550 4<1
Beginning with the 31.086 3 .000
Same Sound Experimental Group 3~ 17 34.50 4<2
Control Group 17 14.38 4<3
Experimental Group 1~ 22 49.70 3<1
. 4<1
Matching Rhyming Experimental Group 2 16 48.41 o1 3 000 iy
Words Experimental Group 3 17 31.32 ' '
4<2
Control Group 17 13.38 4<3
Experimental Group 1~ 22 43.18
Finding the Experimental Group 2 16 39.94 4<l
Beginning Sound ) 19.419 3 .000 4<2
of the Given Word Experimental Group 3~ 17 38.85 4<3
Control Group 17 22.26
Experimental Group 1~ 22 49.09 3<1
Producing Words Experimental Group 2 16 45.66 4<1
That Begin with a Experimental Group 3 17 33.82 32852 3 .000 3<2
Stimulus Sound 4<2
Control Group 17 14.26 4<3
Experimental Group 1~ 22 44.82
; <
Producing Words Experimental Group 2 16 4556 4<1
That Start With the ) 27514 3 .000 4<2
Same Sound Experimental Group 3~ 17 39.50 4<3
Control Group 17 14.21
Experimental Group 1~ 22 48.57 3<1
Experimental Group 2 16 46.34 4<1
Delete Syllables 33211 3 000
and Sounds Experimental Group 3 17 35.12 4<2
Control Group 17 13.00 4<3
Experimental Group1 22 45.70
Experimental Group 2 16 47.72 4<1
Merge Sounds 29.854 3 .000 4<2
Experimental Group 3 17 36.79
4<3
Control Group 17 13.74
Experimental Group 1~ 22 50.50 3<1
. 4<1
ELST Post-Test Experimental Group 2 16 48.19 w0l 3 oo i
Total Experimental Group 3 17 31.18 ' '
4<2
Control Group 17 12.71 4<3
Total 72

*p<.05
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Table 8 shows that there was a significant difference in the mean scores of ELST
post-test sub-dimensions among the experimental groups and the control group (x
(n=72, df=3)=38.017, p<.05). According to the results of the Mann-Whitney U test
conducted to determine which groups differ, it is observed that the experimental groups
scored significantly higher than the control group in all dimensions. Additionally, in the
sub-dimensions of matching words beginning with the same sound, syllables, and
sounds dropping, both experimental groups 1 and 2 scored higher than experimental
group 3, and in the sub-dimensions of matching rhyming words, noticing the initial
sounds of words, and the total score, both experimental groups 1 and 2 scored higher
than experimental group 3.

Examination of the Retention Test Scores of the Experimental Groups

The Wilcoxon Signed-Rank Test was conducted to examine the significant
differences between the final test and retention test scores of Experimental group 1,
Experimental group 2, and Experimental group 3 in terms of their auditory awareness
skills in ELTKC and ELST. The results are displayed in Table 9 and Table 10.

The Wilcoxon Signed-Rank Test examined the significant differences between
the final test and retention test scores of Experimental group 1, Experimental group 2,
and Experimental group 3 regarding their auditory awareness skills in ELTKC and
ELST. The results are displayed in Table 9 and Table 10. It was determined that the
scores in the sub-dimensions of matching to the initial sound (Positive Rank Sum
ST=28.00) and matching to the final sound (Positive Rank Sum ST=66.00) increased.
At the same time, there was a decrease in the dimension of omitting the initial sound of
words (Negative Rank Sum ST=70.00). It can be observed that the mean scores of the
final test and retention test in Experimental group 1 are similar. A significant difference
was observed between the ELTKC final test and retention test scores in Experimental
group 2 (n=16; Z=-2.289; p<.05). However, when examining the sub-dimensions of
ELTKC, no significant differences were found in any of the sub-dimensions (p<.05).
Upon closer examination of the sub-dimensions of ELTKC, a decrease was observed in
the sub-dimension matching the initial sound (Negative Rank Sum ST=10.00). At the
same time, an increase was noted in the positive rank sums in other sub-dimensions and
the total positive rank sum (Total Positive Rank Sum ST=68.00). Despite the observed
decreases and increases in the sub-dimensions of ELTKC, these values did not show a
significant decrease or increase. There is a difference between the final test and
retention test scores, with an increase in Experimental group 2°s ELTKC retention test
score. On the other hand, there was no significant difference found between the ELTKC
final test and retention test scores in Experimental group 3 (n=17; Z=-.595; p<.05).
When examined according to the sub-dimensions of ELTKC, no significant differences
were found in any of the sub-dimensions (p<.05). When looking at the total rank sum
value of ELTKGC, it can be observed that there is a slight increase in Experimental group
3 overall (Total Positive Rank Sum ST=153.00). However, it can be concluded that this
increase is not statistically significant. There is also a slight increase in the ELTKC
retention test results for Experimental group 3, but according to the analysis conducted,
this increase does not reflect a significant difference.

When examining the findings in Table 10, it is evident that there is a significant
difference between the ELST final test and retention test scores in Experimental group 1
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(z=-2.112; p<.05). When looking at the sub-dimensions of ELST, a significant
difference is observed in the sub-dimension of matching words that start with the same
sound (p<.05), and there is a decrease in the correct answers given in this sub-
dimension by Experimental group 1 (Negative Rank Sum ST=66.00). There is no
significant difference found in the sub-dimensions other than matching words that start
with the same sound (p<.05). However, it is observed that there is a decrease in the
answers provided by Experimental group 1 (Total Negative Rank Sum ST=108.50).
There is a difference between the final test and retention test scores, with a decrease in
the ELST retention test score of Experimental group 1 compared to the final test score.
Although this difference is slight, it is statistically significant, as seen in Table 10. In
contrast, no significant difference was observed in the ELST final test and retention test
scores in Experimental group 2 (n=16; Z=-.361; p<.05).

When looking at the sub-dimensions of ELST, it was found that there is no
significant difference in any of the sub-dimensions of ELST (p<.05). However, when
examining the sub-dimensions of ELST, there is a decrease in the sub-dimension of
omitting syllables and sounds (Negative Rank Sum ST=57.00), and there is also a
decrease in the total rank sum of ELST. There is a slight decrease in the average score
of the retention test for experimental group 2 compared to the final test score. However,
this decrease reflects a slight difference. A significant difference was found between the
ELST final test and retention test scores in experimental group 3 (n=17; Z=-2.080;
p<.05). When examined according to the sub-dimensions of ELST, there is a significant
difference in the sub-dimension of matching words that start with the same sound.
However, there is no significant difference in the other sub-dimensions. When
examining ELST’s total rank sum value, there is an increase in experimental group 3.
When looking at the rank sum values of the sub-dimensions, there is an increase in the
sub-dimensions of matching words that start with the same sound (Positive Rank Sum
ST=7.00) and omitting syllables and sounds (Positive Rank Sum ST=45). There is a
slight decrease in the sub-dimension of matching rhyming words (Negative Rank Sum
ST=33.00). Experimental group 3 shows an increase in the average score of the ELST
retention test compared to the final test score, which results in a significant difference.

Table 9
Groups ELTKC Retention Test Results

i Negative Negative Negative Positive Positive Positive
Experimental Rank Rank Rank Rank Rank Rank Equal z p*
Groups (n)
(n) (RA) (R.S) ) (RA) (8.1
Exp. Group 1 0 .00 .00 3 2.00 6.00 19 -1.732 .083
Rhyme Exp. Group 2 0 00 00 3 2.00 6.00 13 1732 083
Awareness
Exp. Group 3 4 4.00 16.00 4 5.00 20.00 9 -.302 763
. Exp. Group 1 0 .00 .00 7 4.00 28.00 15 -2.530 .011
Matching
by Initial Exp. Group 2 3 3.33 10.00 2 2.50 5.00 11 -707 480
Sound
Exp. Group 3 2 4.00 8.00 5 4.00 20.00 10 -1.134 .257
i Exp. Group 1 0 .00 .00 11 6.00 66.00 11 -3.317  .001*
Matching
by Final Exp. Group 2 2 4.50 9.00 4 3.00 12.00 10 -.333 739
Sound
Exp. Group 3 2 4.00 8.00 5 4.00 20.00 10 -1.134 .257
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Exp. Group 1 2 2.00 4.00 1 2.00 2.00 19 -577 564
Segmenting  £yy Group 2 0 .00 .00 3 2.00 6.00 13 -1.604  .109
Sentences
into Words Exp. Group 3 1 1.50 1.50 2 2.25 4.50 14 -.816 414
. Exp. Group 1 2 1.50 3.00 0 .00 .00 20 -1.414 157
Segmenting
Words into Exp. Group 2 0 .00 .00 2 1.50 3.00 14 -1.342 .180
Syllables
Exp. Group 3 1 1.00 1.00 0 .00 .00 16 -1.000 317
Exp. Group 1 0 .00 .00 0 .00 .00 22 000 1.000
Blending Exp. Group 2 0 00 00 1 1.00 1.00 15 1000 317
Syllables
Exp. Group 3 1 2.00 2.00 1 1.00 1.00 15 -.447 655
Delete the Exp. Group 1 11 6.36 70.00 1 8.00 8.00 10 2470 014
Initial - Exp. Group 2 0 00 00 4 250 10.00 12 -189%  .059
Sound in
Words Exp. Group 3 4 3.13 12.50 1 2.50 2.50 12 -1.414 157
Delete the Exp. Group 1 3 5.00 15.00 8 6.38 51.00 11 -1.706 .088
Final Exp. Group 2 2 6.00 12.00 8 5.38 43.00 6 1628 103
Sound in
Words Exp. Group 3 1 2.00 2.00 3 2.67 8.00 13 -1.134 257
Exp. Group 1 6 7.42 44.50 9 8.39 75.50 7 -.887 375
Total Exp. Group 2 1 10.00 10.00 11 6.18 68.00 4 -2.289  .022*
Exp. Group 3 4 6.63 26.50 7 5.64 39.50 6 -.595 552
Table 10
Experimental Groups ELST Retention Test Results
. Negative Negative Negative Positive Positive Positive
Experimental Rank Rank Rank Rank Rank Rank Equal z p*
Groups (n)
") (RA) (R.S) (n) (RA) (ST
Matching Exp. Group 1 10 6.60 66.00 2 6.00 12.00 10 -2.324 .020*
Words
Beginning Exp. Group 2 5 3.50 17.50 2 5.25 10.50 9 -.632 527
with the Exp. Group 3 2 5.50 11.00 10 6.70 67.00 5 2352 019
Same
Sound
. Exp. Group 1 6 5.33 32.00 4 5.75 23.00 12 -471 638
Matching
Rhyming Exp. Group 2 4 3.50 14.00 3 4.67 14.00 9 .000 1.000
Words
Exp. Group 3 6 5.50 33.00 5 6.60 33.00 6 .000 1.000
Finding the Exp. Group 1 1 2.00 2.00 1 1.00 1.00 20 -.447 .655
Beginning
Sound of Exp. Group 2 0 .00 .00 1 1.00 1.00 15 -1.000 317
the Given )
Word Exp. Group 3 3 2.00 6.00 0 00 00 14 1633 .102
Producing Exp. Group 1 8 5.13 41.00 2 7.00 14.00 12 1.430 153
Words That
Begin with Exp. Group 2 2 2.00 4.00 2 3.00 6.00 12 -.378 705
a Stimulus _
Sound Exp. Group 3 4 463 18.50 5 530 26.50 8 491 623
) Exp. Group 1 5 4.50 22.50 7 7.93 55.50 10 -1.344 179
Producing
Words That Exp. Group 2 3 4.00 12.00 3 3.00 9.00 10 -333 739
Start With
the Same Exp. Group 3 5 5.50 27.50 5 5.50 27.50 7 .000 1.000
Sound
Exp. Group 1 12 8.63 103.50 4 8.13 32.50 6 -1.866 .062
Delete
Syllables Exp. Group 2 10 5.70 57.00 2 10.50 21.00 4 -1.446 .148
and Sounds
Exp. Group 3 6 7.67 46.00 7 6.43 45.00 4 -.036 971
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Exp. Group 1 6 6.17 37.00 8 8.50 68.00 8 1008 313
Merge Exp. Group 2 5 5.40 27.00 4 4.50 18.00 7 577 564
Sounds Exp. Group 3 1 550 550 5 3.10 15.50 11 1081 279
Exp. Group 1 13 8.35 108.50 3 9.17 2750 6 2112 035
ELST Post-
Test Total Exp. Group 2 7 6.21 43.50 5 6.90 34.50 4 -.361 718
Exp. Group 3 2 10.00 20.00 12 7.08 85.00 3 2080  038*
*p<.05

Discussion and Conclusion

Before proceeding to the results and discussion, it is recommended to revisit
Figure 1 to understand better which educational programs were applied to the
experimental groups.

When examining the total scores for ELTKC pre-tests and post-tests, the total
scores for ELST pre-tests and post-tests, the number of children who scored below the
cutoff point based on pre-test results, and also the pre-test data for ELTKC sub-
dimensions six and the pre-test data for ELST sub-dimensions, it was determined that
there were no significant differences among experimental group 1, experimental group
2, experimental group 3, and the control groups, both in total and sub-dimensions. The
absence of significant differences may indicate that the levels of auditory awareness
skills were similar among these groups. This situation may be suitable for evaluating
and comparing the effect of the educational programs applied to the experimental
groups on auditory awareness skills.

Comparison Among the Experimental Groups

Upon examination, it is determined that, based on the ELTKC final test total
scores, the applied educational programs positively affected the auditory awareness
skills of the experimental groups. However, based on the final test total scores, there is
no significant difference between experimental group 1, experimental group 2, and
experimental group 3. Therefore, a comparison regarding the applied educational
programs cannot be made based on ELTKC pre-test and post-test total scores.
According to this data, the educational programs applied to the experimental groups had
similar effects.

When the number of children in experimental group 1 who scored above and
below the cutoff score on the ELTKC final test was examined, it was found that 21
children in experimental group 1 scored above the cutoff score. In contrast, one child
scored below the cutoff score. In experimental group 3, 16 children scored above the
cutoff score, while one scored below the cutoff score. In experimental group 2, 14
children scored above the cutoff score, while two children scored below the cutoff
score. In the control group where the educational program was not implemented, it was
observed that seven children scored above the cutoff score, while ten children scored
below the cutoff score. The applied educational programs contributed to the
phonological awareness skills of the children in the experimental group. Additionally, it
is observed that the number of children scoring below the cutoff point has decreased in
the control group, where the educational program still needs to be implemented. The
decrease in the number of children scoring below the cutoff point in the control group
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can be attributed to the fact that the control group continued with the 2013 Preschool
Education Program, which includes rhyme awareness and phonological awareness
indicators in the language development domain. The presence of these skills in the
education program received by the children in the control group may be the source of
the meaningful difference.

When the ELST final test scores were examined, it was concluded that there was
a significant difference between the experimental groups and the control groups. The
educational programs applied to the experimental groups positively affected the
children’s phonological awareness skills. When the final test total scores of
experimental group 1, experimental group 2, and experimental group 3 were compared,
a significant difference in favor of experimental group 1 was observed compared to
experimental group 3. When experimental group 2 was compared to experimental group
3, a significant difference was determined in favor of experimental group 2. It was
determined that there is no significant difference between experimental group 1 and
experimental group 2. However, when looking at the mean total scores in Figure 2, it
was found that experimental group 1 scored higher than experimental group 2. The
research results indicate that the phonological awaereness educaiton program is more
effective than the digital game-based educaiton program. These findings are in line with
relevant research in the leterature. The active participation of the children in the
implementation process of the education program applied to experimental group 1, the
flexibility of the education process, and the attempt to increase interaction with large
and small group studies may have led to the emergence of this difference.

Shifflet et al. (2020) examined the effects of educational materials (traditional
materials) and tablet-based applications on preschool children’s phonological awareness
skills. Traditional materials were used in the education given to one experimental group,
while tablet-based applications were applied in the education given to the other
experimental group. They found that the phonological awareness skills of children in
both experimental groups improved. They also found that there was no significant
difference between the experimental groups. In the study conducted by Shifflet et al.
(2020), materials such as cubes, magnetic letters, and unifix were used. In the study,
children’s books, finger plays, rhymes, songs, natural objects, toys, and activities were
prepared in a gamified way in the implementation of the phonological awareness
educational program. The difference between the Shifflet et al. (2020) study and the
study can be attributed to the materials used. Goffredo et al. (2016) developed a
platform called ‘En Plein’ to support preschool children’s phonological awareness
skills, which includes activities related to rhyme awareness, initial/final syllable
recognition, and syllable blending skills. The study consisted of an experimental group
that used the platform and a control group that received regular phonological awareness
education. The research found that the phonological awareness education program was
more effective than the digital game-based education program, which can be considered
a more conventional program than the digital game-based education program. There are
differences in the research results. Goffredo et al. (2016) noted that boys and girls
participating in their research were highly motivated. The ability of children to create
their avatars and move simultaneously with the avatar may have increased their
motivation, leading to more accurate answers. This could be a source of the differences
in research results. Hillman and Marshall (2009) emphasized the importance of intrinsic
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motivation for achieving desired results in skills targeted through digital use and for
these results to be lasting.

According to the results, experimental group 1, which received the phonological
awareness education program, scored higher in all ELST sub-dimensions than the
control group. Experimental group 1 had a higher average score in rhyme word
matching, initial sound recognition, and overall scores than experimental groups 3 and
2. Experimental group 2 was found to have higher scores in rhyme word matching,
generating words starting with the prompting sound, and overall scores compared to
experimental group 3. When the final test findings for all sub-dimensions of ELTKC
and ELST are examined among the experimental groups, the phonological awareness
education program applied to experimental group 1 is more effective.

In their study, Elimelech and Aram (2020) developed a digital syllable game for
children aged 5-7 to support early literacy skills. The research was conducted with three
different groups, including two experimental groups and a control group. According to
the study results, the group provided with both visual and auditory support and the
group provided with only auditory support performed better than the other groups in
Word syllabication and phonological awareness areas. The group with visual and
auditory support received higher letter knowledge, phonological awareness, and word
spelling scores than the unsupported and control groups. Children in both experimental
groups scored higher in letter knowledge than in the control group. In the syllabication
of words, the groups receiving auditory and visual-auditory support related to word
syllabication scored higher in the final test than those receiving only auditory support
and the control group. When examining the research, there appears to be a similarity
between the study and the implementation process. In the conducted research, there are
three different experimental groups: a phonological awareness education program
group, a digital game-based phonological awareness education program group, and a
digital game-supported phonological awareness education program group. Looking at
the stimuli provided to the experimental groups in the research, the group where the
digital game-supported phonological awareness education program was implemented
was exposed to more stimuli. In comparison, the other groups were exposed to fewer
stimuli. In this regard, Elimelech and Aram (2020) concluded their research that the
group with more stimuli (visual and auditory support) scored higher in all areas
compared to the other groups. However, in the conducted research, it is observed that
among the groups that received high scores, the group that underwent the phonological
awareness education program performed better. Therefore, there is no similarity in the
research results. However, in the study conducted by Elimelech and Aram (2020), when
examining the group with auditory support and the group without support compared to
the other groups, it was observed that the group with auditory support scored higher.
These results are similar to the digital game-supported phonological awareness
education program applied in experimental group 2 and the digital game-based
phonological awareness education program applied in experimental group 3, which
scored higher than the control group. Likewise, it is similar to the digital game-based
phonological awareness education program received by experimental group 3, which
scored higher than the control group. The digital game applied to experimental group 3
includes visual and auditory elements. Providing two different sensory supports during
the education process may have resulted in similar research results. At the same time,
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the fact that the education program applied to experimental group 2 included both
digital games and activities using different method techniques, appealing to children’s
tactile, visual, and auditory senses and interacting directly with objects and peers may
have caused similar results.

Comparison of the Experimental Groups with the Control Group

When comparing experimental group 1, which received the phonological
awareness education program, with the control group based on the ELTKC and ELST
final test results, a significant increase in the scores of experimental group 1 is observed.
The results obtained are similar to the research results in the literature. The results
obtained are similar to the research results in the literature. For example, In a study
conducted by Bolduc (2009) examining the effect of a music education program on
preschool children’s phonological awareness skills, an experimental music education
program was applied to the study group, while the control group followed the official
curriculum of the ministry. The study results concluded that the experimental music
education program was more effective in developing participant children’s phonological
awareness skills. On the other hand, in a study conducted by Bayraktar and Temel
(2014), they found that the pre-literacy education program implemented with different
activities and methods was influential on the reading comprehension, mechanical
reading, and writing skills of children in the experimental group as they progressed to
primary school education. Kelly et al. (2019), in their research examining the effect of a
phonological awareness educational program with traditional materials on children aged
3.5 to 5.5 years, found that the word and alphabet awareness of the experimental group
improved. The use of music as both an activity type and a method, starting from
different activities and using materials children encounter in their daily lives, maybe the
reason for the similarity with the research findings.

When comparing experimental group 2, which received the digital game-
supported phonological awareness education program, with the control group based on
the ELTKC and ELST final test results, it can be observed that experimental group 2
showed a better score increase than the control group. In a study conducted by Jadan-
Guerrero et al. (2020), using both natural materials and a digital program with children
aged 5-6 who had phonological awareness issues, it was concluded that the applied
program had a positive impact on the development of children’s phonological
awareness skills. Weiss et al. (2022) prepared an online reading camp education
program for five-year-old children. The research included five-year-old children from
the experimental group, who participated in the online reading camp program, and the
control group, who did not receive the education. The research results showed that
children in the experimental group improved their phonological awareness and decoding
skills compared to the control group. The study aligns with previous research findings,
and it can be said that the implemented digital game-supported phonological awareness
education program contributes to children’s phonological awareness skills.

Again, when comparing experimental group 3, which received the digital game-
based phonological awareness education program, with the control group based on the
ELTKC and ELST final test results, it can be observed that experimental group 3 scored
higher than the control group. The implemented digital game has contributed to the
children’s phonological awareness skills. While there may not have been specific

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 202-235



226 Mehmet Oguz GOLE & Zeynep Fulya TEMEL

content related to syllable skills in the digital game used in the study by Li et al. (2020),
the progress in syllable skills observed in children could be attributed to their age.
However, the difference in the study could also be because the digital game content was
prepared following the ranking of phonological awareness skills and the educational
program was developed based on a spiral approach. In their research, Da Silva et al.
(2022) examined the impact of digital games on literacy skills in groups of 4-year-old
children consisting of four experimental groups and a control group. They found that the
experimental groups scored higher than the control group in phonological, syllable, and
rhyme awareness skills. Oliva-Maza et al. (2021) developed an adventure-themed
digital game to support phonological awareness skills in four preschool-age children
aged 5-6. During the game process, children were required to complete different tasks
related to phonological awareness in each section. At the end of the process, it was
concluded that the adventure-themed digital game supported children’s phonological
awareness skills. The research aligns with the findings of previous studies.

Examination of the Persistence of the Experimental Groups

When examining the ELTKC retention test results, it was concluded that the
education programs applied to experimental group 1, 2, and 3 had a retention effect.
Additionally, an increase in the scores of experimental group 2 was observed in the
ELTKC retention test results. According to the ELST retention test findings, it was
determined that the education programs applied to experimental group 2 and 3 had a
retention effect. Furthermore, an increase in the ELST retention test results was
observed in experimental group 3. According to the ELST retention test findings, it was
concluded that there was a decrease in the scores of experimental group 1. However, it
was also determined that there was no significant difference in the ELST subtests
between the final test and the retention test for experimental group 1. Therefore, while
the education program applied to experimental group 1 had a retention effect on the
ELST subtests, it did not affect the overall results. The applied phonological awareness,
digital game-supported phonological awareness, and digital game-based phonological
awareness education programs had a retention effect. In their study, Cetin (2019) found
that the early literacy program they implemented had a lasting effect on phonological
awareness skills. Similarly, Dinler and Cevher Kalburan (2021) concluded that the
poetry-supported education program had a lasting effect on word, rhyme, initial/final
sound, and syllable awareness skills. Van der Kooy-Hofland et al. (2012) determined
that a computer game focused on names and sounds had a lasting effect on children’s
phonological awareness skills. Sa et al. (2022) developed a digital game to support
phonological awareness skills and found that the developed digital game had a lasting
effect on children’s phonological awareness skills. It is essential to review and repeat
information and experiences periodically. Repeating with both new and previously
learned words helps achieve lasting learning (Beers et al., 2010). The research findings
and the existing literature in the field support the results of the conducted study.

Upon analyzing the data obtained from the research, it can be concluded that the
phonological awareness education program (experimental group 1), the digital game-
supported phonological awareness education program (experimental group 2), and the
digital game-based phonological awareness education program (experimental group 3)
are all effective programs. Additionally, the findings suggest that the most effective
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among the implemented education programs is the phonological awareness education
program (experimental group 1). Furthermore, it can be interpreted that the digital
game-supported phonological awareness education program (experimental group 2) is
more effective than the digital game-based phonological awareness education program
(experimental group 3). In the education program applied to Experimental Group 1, the
inclusion of materials from children’s daily lives and the use of different materials,
intensive interaction with peers and the educator, high participation in the education
process with their thoughts and actions, and the use of different methods and techniques
may have made this education program more effective. The lack of interaction with both
the game and peers during the digital game process, the absence of an adventure
element, and the fact that it was played on a smart board instead of a tablet may have
caused experimental group 3 to be less effective than the other groups.

Implications

With the development of artificial intelligence and different digital applications,
studies can be carried out by developing games for phonological awareness that can be
played with individual tools, where children are more active, can make changes in the
game, and interact more with their peers and the game. For digital games to support the
education process, games that match the theme used in the education process and the
game theme can be used. Family-based or family-participated interventions using digital
games for phonological awareness development can also be investigated. The effect of
phonological awareness skills on cognitive and social development can be investigated.
Moreover, the research process for implementing various educational programs can
explore children’s participation, willingness, and motivation. During the education
process, phonological awareness skills (combining sounds, making sounds, etc.) can be
included, taking into account the developmental characteristics of children.
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ABSTRACT: The aim of this research is to develop a scale for determining pre-service teachers’ attitudes towards
recycling. The research was carried out using a quantitative research design. The research was carried out in the
education faculties of two state universities located in the east and west of Tiirkiye. 284 pre-service teachers (62
males, 222 females) who were selected by the easily accessible sampling method participated in the research. During
the scale development process, an item pool consisting of 56 statements was created. The draft scale, which was
prepared after the expert opinion, was applied to the pre-service teachers. After validity and reliability analysis, three
factors with 32 items were obtained, which explained 42.456% of the total variance. The factors were named
“Responsibility and Behavior,” “Consciousness and Awareness,” and “Economic Value”, respectively. The
Cronbach”s Alpha coefficient was calculated as 0.893 for the ‘“Responsibility and Behavior” factor, 0.785 for the
“Consciousness and Awareness” factor, and 0.801 for the “Economic Value” factor. In addition, Cronbach’s Alpha
was calculated as 0.884 for the overall scale. According to the findings, it can be said that this scale developed in the
research is sufficient in terms of validity and reliability. However, in future studies, similar scales with confirmatory
factor analysis can be developed and applied to large samples to examine participants’ attitudes toward recycling.

Keywords: Recycling, attitude, scale development, pre-service teacher.

OZ: Bu arastirmanin amac1 6gretmen adaylarimin geri déniisiim konusundaki tutumlarimi belirlemeye yénelik bir
Oleek gelistirmektir. Arastirma nicel arastirma deseni ile yiiriitilmistiir. Arastirma, Tiirkiye’nin dogusunda ve
batisinda yer alan iki devlet iiniversitesinin egitim fakiiltelerinde gergeklestirilmistir. Aragtirmaya kolay ulagilabilir
ornekleme yontemiyle secilen 284 (62 erkek, 222 kadin) 6gretmen aday1 katilmistir. Olgek gelistirme siirecinde 56
ifadeden olugan bir madde havuzu olusturulmustur. Uzman orligii sonrasinda hazirlanan taslak 6lgek Ogretmen
adaylarina uygulanmistir. Gegerlik ve giivenirlik analizleri sonucunda toplam varyansin %42.456°sin1 agiklayan 32
maddelik 3 faktor elde edilmistir. Faktorler sirasiyla “Sorumluluk ve Davranig”, “Biling ve Farkindalik” ve
“Ekonomik Deger” olarak adlandirilmigtir. Cronbach’s Alpha katsayist “Sorumluluk ve Davranis” faktorii i¢in .893,
“Biling ve Farkindalik” faktorii i¢in .785 ve “Ekonomik Deger” faktorii igin .801 olarak hesaplanmuistir. Ayrica
Olcegin geneli i¢in Cronbach’s Alpha degeri .884 olarak hesaplanmigtir. Ulasilan bulgulara goére, arastirmada
gelistirilen bu 0lgegin gegerlik ve giivenirlik agisindan yeterli oldugu soylenebilir. Bununla beraber gelecek
aragtirmalarda DFA’nin da yapildig1 benzer Olgekler gelistirilebilir ve Olgcek genis Orneklemlere uygulanarak
katilimcilarin geri doniisiime yonelik tutumlari incelenebilir.

Anahtar kelimeler: Geri doniisiim, tutum, 6lgek gelistirme, 6gretmen aday1.
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The world population is increasing rapidly. It is estimated that if the rate of
population growth continues like this, the world population will reach over 10 billion by
the end of the 21st century. Due to the rapidly increasing world population, the
requirements for the resources people use are increasing, and people meet the majority
of these needs from natural resources. However, natural resources in the world are
limited. Therefore, to consume fewer natural resources, the raw materials meet human
requirements by recycling (UNEP, 2016). However, recycling is not at the desired level
worldwide. Waste and recycling are among the problems the world is facing today. All
countries have been making great efforts to reduce the amount of waste and to
encourage people to recycle. Various services such as picking up waste from home
(door-to-door collection), paying fees to encourage recycling and recycling bins have
been implemented for people to acquire habits about recycling. The main purpose of
these implementations is to encourage people to recycle (Darby & Obara, 2005; Haj-
Salem & Al-Hawari, 2021; Tonglet et al., 2004). However, the tendency of people
around the world to recycle remains very low (Haj-Salem & Al-Hawari, 2021). Hence,
to enable people to participate in the recycling process actively and to improve
recycling behavior, many countries, especially European countries, are aiming to
improve their waste management systems and recycle more products (Haj-Salem & Al-
Hawari, 2021; Zaikova et al., 2022).

Recycling does not only include the collection of waste and making them useful.
Natural resources are also protected through recycling. Because the raw material source
is provided by natural resources, in other words, raw materials that cannot be met
through recycling are supplied directly from natural sources. Without recycling, natural
resources will be further depleted. For example, metal ores are consumed more due to
the lack of recycling of metals. Similarly, if plastic products are not recycled, more
hydrocarbons and fossil fuels will be used to produce plastic products (Lamma, 2021;
Maddox, 1972). Therefore, Recycling provides benefits such as energy saving and the
protection of nature for people. For example, recycling paper instead of cutting trees
will save energy to cut many trees and protect green nature (Chan & Bishop, 2013).
However, today, despite the intense efforts related to recycling, people also produce a
large amount of waste. Even in developed countries, this rate is very high (Darby &
Obara, 2005; Elgaaied, 2012; Zaikova et al., 2022). Because waste, instead of being
recycled, is deposited in dumpsites in cities. Dumpsites are common in many countries
around the world, including developed countries. Most of the garbage is collected in
dumpsites without being recycled. It has been revealed that there is a high connection
between the population density of people and dumpsites. The majority of the population
is located 10 kilometers from the dumpsites. There are also a lot of dumpsites in areas
where the population lives densely (UNEP, 2016). According to OECD data, the waste
generation of countries and the recycling of wastes differ on the basis of countries.
However, it has been stated that the consumption and waste production rate has
increased depending on the country’s economic growth. However, in low-economic
countries, the rate of waste collected in open dumps without processing is around 93%
(OECD G20, 2021). Comparisons between Tiirkiye and OECD countries have
determined that the collection of waste in landfills is above the average of OECD
countries in Tirkiye. However, it has a value below that of OECD countries in terms of
recycling (OECD, 2021).
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Sustainability is based on the consumption of natural resources to reach future
generations. All the resources in the world are limited and people have difficulties
finding resources due to over-consumption. However, nature is excessively destroyed in
order to meet the resource requirement. The natural balance is destroyed and nature
cannot renew itself. Therefore, countries are developing policies in line with the
understanding of sustainability such as protecting resources in a balanced way, reducing
waste, increasing recycling, and increasing people’s awareness about reducing waste,
reusing, and recycling (Phulwani et al., 2020). Furthermore, in order to reduce the effect
on and damage to the environment, eco-friendly products have been started to be
produced in recent years. Eco-friendly products are products that do not harm the
environment or cause minimal damage when they are thrown into the environment
(Siddique & Hossain, 2018). These products, which can be biodegradable easily and in
a short time in nature, help to protect the environment and nature (Tseng et al., 2018). In
this context, there is a trend towards a green economy to protect nature and cause less
damage. Green economy is based on reducing carbon emissions, using natural resources
effectively, expanding renewable energy sources, recycling, and reducing harm to
nature (UNEP, 2023). Therefore, by transitioning to a green economy, governments
establish all policies on environmentally friendly and sustainable foundations (Ferrao et
al., 2014). With a green economy, socio-economic and environmental improvements are
addressed as a whole. In other words, socio-economic developments are addressed
holistically with environmental risks (Kumar, 2017; Pahle et al., 2016). Less use of
natural resources and increased investments in recycling allow ecosystems to renew
themselves. In addition, the green economy allows the development of policies to
reduce environmental risks (Kumar, 2017). Because of the destruction of natural
resources, economic crises occur throughout the world. Natural resources are the main
sources of economies. Recycling reduces the need to allocate financial resources to the
purchase and use of raw materials. Recycling not only conserves natural resources but
also meets the need for raw materials and provides jobs. (EEA, 2011; Ferrdo et al.,
2014). However, unless people’s environmental awareness and awareness levels are
increased, the efforts of governments will not be enough. Therefore, society needs to be
aware of the protection of the environment and the sustainable consumption of natural
resources. For this reason, researchers have focused on researching the factors that
affect individuals’ sustainable consumer behavior over 40 years (Antonetti & Maklan,
2014).

Theoretical Background on Recycling Behavior

Researchers have developed various theories to determine the factors that affect
people’s behavior on consumption, waste, and recycling (Chan & Bishop, 2013). One of
the most important theories explaining this situation today is the theory of planned
behavior (TPB). According to this theory, people’s behavior choices are based on
attitude, subjective norms, and perceived behavioral control (Wang et al., 2019). In
recent years, the TPB model has been widely preferred to determine the factors that
affect recycling and waste-related behaviors. Because it is one of the best models to
explain the factors affecting behavior (Wang et al., 2019), another model norm
activation model (NAM) is proposed by Schwartz (1973). The essence of this model is
based on personal norms (Schwartz, 1973). Some researchers try to identify the factors
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that affect recycling behavior by integrating different models (integration of NAM-TPB
model) (Onwezen et al., 2013). Each model revealed by scholars can help people
develop environmentally friendly behaviors (Stern, 2000).

Many factors can affect the choice of behavior. The factors that have a high
effect on the individual’s environmentally friendly behavior intention constitute the
most important factor directing the behavior of individuals. In other words, it is the level
of intention to perform the behavior (Ajzen, 1991). The variables in recycling behavior
may differ according to the research area. These include beliefs, behaviors, economics,
motivation, sense of responsibility, education level, age, gender, and so on. Scholars
have been trying to reveal how these variables affect each other (Wang et al., 2019).
Because many disciplines (e.g., education, psychology, and economy) are related to
recycling, conduct research. Each field is trying to determine the factors that affect
recycling behaviors from its own point of view (Hornik et al., 1995). Furthermore, some
researchers have tried to explain the link between identity and recycling behavior. The
relationship between self-identity and behavioral intention is revealed using the TPB
model (Fekadu & Kraft, 2001; Whitmarsh & O’Neill, 2010). When the causes of the
factors affecting environmental behaviors are revealed, environmental education will
enable people to have environmentally friendly behaviors because the most important
aim of environmental education is to improve people’s awareness of the use of natural
resources in a sustainable way (Torkar & Bogner, 2019). Numerous studies have been
conducted to determine attitudes and behaviors toward the environment (Chawla &
Cushing, 2007; Cohen, 1993; Elgaaied, 2012; Hsu & Lin, 2015; Passafaro & Livi, 2017;
Quoquab et al., 2020; Robinson & Read, 2005; Szczytko et al., 2019; Vilkaite-Vaitone
& Jeseviciute-Ufartiene, 2021). However, one of the factors not emphasized by the
researchers is the effect of economic concern on environmental behavior. Because the
relationship between economic concerns and environmental behavior has not been fully
examined, this situation has been mostly addressed in the context of three values
(egoistic, altruistic, and biospheric) (Snelgar, 2006; Swami et al., 2010). However, there
were not enough scale items related to economic concerns. For example, the scale used
by Whitmarsh and O’Neill (2010), items-buying eco-friendly products, saving behavior
at home, using renewable energy sources at home, using public transportation, and
participating in environmental activities- were included to determine the relationship
between identity and pro-environmental behaviors. But only one item- “Drive
economically - is related to the economic concern. In the Tonglet et al. (2004) study,
the environmental behaviors of individuals regarding recycling were investigated in
terms of the theory of planned behavior (TPB). The section about situational factors
includes one item in terms of economic behavior. Recycling is expressed as a waste of
money. Another item- “Recycling saves money”- is included in the factor of
consequences of recycling. In a similar study, economic concern was measured with the
item “recycling saves energy” (Davies et al., 2002). To determine the effect of
emotional variables on recycling behaviors, items on economic concerns were not
included, whereas related to environmental concerns, results of recycling, and
municipalities were used (Elgaaied, 2012). In some items used within the personnel
norms (e.g., we should protect the environment), recycling action may take place due to
both economic and other reasons (Onwezen et al., 2013). A similar situation (e.g.,
ecological problems are the consequences of my actions) was also used in the study by
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Antonetti and Maklan (2014). In recent study by Zaikova et al. (2022), the effects of
economic incentives on recycling behavior have begun to be included in the theory of
planned behavior (TPB) as a variable. As a result of the research, in this case different
countries (Russia and Finland) were compared, it was determined that economic
incentives did not have an effect on “waste source-separation intention”. But Wang et
al. (2019) pointed out that economic motivation has an effect on recycling behavior.

Many studies have been conducted using similar scales. Various items related to
economic concerns are as follows;

Table 1
Items Used in terms of Economic Concerns

Recycling saves energy (Davies et al., 2002; Schoeman
& Rampedi, 2022; Tonglet et
al., 2004; Vining & Ebreo,
1992)

Recycling saves money (Schoeman & Rampedi, 2022;
Tonglet et al., 2004)

Drive economically (Whitmarsh & O’Neill, 2010)
Recycling programmes are a waste of money (Tonglet et al., 2004)
Monetary benefit in waste sorting (Zaikova et al., 2022)
Reduced waste collection fees when | sort the waste (Zaikova et al., 2022)

Refund of the cost of packaging (for example, plastic bottles) if I (Zaikova et al., 2022)
recycle it

Wash and reuse dishcloths rather than buying them new (Barr, 2007)

Waste separation can help the country to reduce pollution control (Xu et al., 2017)
costs, we should do it

Humans have the right to modify the natural environment to suit (Vining & Ebreo, 1992)
their needs

Plants and animals exist primarily to be used by humans (Vining & Ebreo, 1992)

As reviewed in the literature given above, it has been determined that the
economic concerns in the recycling behavior scales are not under-represented. Although
there were no economic concerns in the scales used by the researchers, some items were
included in relation to the economic concerns (Davies et al., 2002; Tonglet et al., 2004;
Whitmarsh & O’Neill, 2010; Xu et al., 2017; Zaikova et al., 2022). However, Wang et
al. (2019) and Zaikova et al. (2022) examined the effect of the economic variables on
recycling behavior is examined in terms of economic motivation and incentives. It is
important to develop scales that include economic variables. Because people are
destroying nature in order to gain more profit, many reasons, such as over-consumption
of natural resources, destruction of biodiversity, and conversion of forest areas into
agricultural lands, are the behaviors that people do in order to live more economically.
However, it is possible to eliminate these negative behaviors, first of all, with education.
Environmental education enables students to take an active role in environmental issues
in the formal education process. In fact, environmental education aims to increase the
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knowledge of students and to develop responsible behavior (Chawla & Cushing, 2007).
In the Belgrade Charter (1975), the objectives of environmental education are grouped
under 6 headings (awareness, knowledge, attitude, skills, evaluation ability, and
participation). It is emphasized as the objectives aimed to be gained by students in the
education process (UNESCO-UNEP, 1975). At this point, teachers, who are the most
important part of education, have great duties. In this respect, it is another important
point of this research to develop a scale by referring to the opinions of prospective
teachers who will be teachers in the future. Therefore, the aim of this research is to
develop a scale for determining pre-service teachers’ attitudes towards recycling.

Method

This section includes the research method, research group, ethical processes,
scale development process, and measures for validity and reliability.

Research Design

Since this research aims to develop a scale, it can be said that it is based on a
quantitative research design. The concept of scale essentially shows the mathematical
qualities of measurement results (Giil & So6zbilir, 2015). It is also used in many fields of
behavioural sciences, such as education and psychology, to collect information in terms
of the targeted person or persons, system, subject, or content (Yurdugiil, 2005).

Research Group

The investigation was conducted in the education faculties of two state
universities located in the east and west of Tiirkiye. A total of 284 prospective teachers
(62 males, 222 females) participated in the research, and convenience sampling was
used as a sampling method. In addition, since both factor analysis and structural
equation modeling are analysis types that require large samples, as well as to increase
the power of the analytical model tested, the sample size was tried to be large
(MacCallum et al., 1999). Thus, according to Bryman and Cramer (2001), the number
of samples was determined according to the rule that “the sample must be at least five
times the number of items in the scale.” In order to perform the study, the data was
collected in the 2022-2023 academic year. In the data collection process, the
participation of teacher candidates on a voluntary basis was ensured. In addition, the
personal information of the participants was not asked when filling out the scales, and
the applications were carried out based on confidentiality. The demographic
characteristics of the participants included in the study are presented in Table 2.

Table 2
Demographic Characteristics of the Participants
Participants Gender 1st grade 2nd grade 3rd grade 4th grade Total
Male 6 (17.1%) 4 (21.1%) 6(12.8%) 10 (27.8%) 26 (19.0%)
University 1
Female 29 (82.9%) 15(78.9%) 41 (87.2%) 26 (72.2%) 111 (81.0%)
Male - 16 (20.0%) 6 (17.1%) 14 (46.7%) 36 (24.5%)
University 2

Female  2(1.8%) 64 (57.7%) 29 (26.1%) 16 (14.4%) 111 (75.5%)
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As seen in Table 2, the study includes sample groups from two different
universities. Of the participants in the first group, 111 (81.0%) were female and 26
(19.0%) were male. Of the participants in the second group, 111 (75.5%) were female
and 36 (24.5%) were male.

Ethical Procedures

All procedures were confirmed by researchers in accordance with the ethical
standards of Ataturk University (date: 21.03.2023, reference no: E-56785782-
050.02.04-2300106373).

The Development Process of the Scale

The principles suggested by Karako¢ and Donmez (2014) were taken into
consideration during the scale development process. According to Karako¢ and Donmez
(2014), if a new scale is to be developed, the following steps should be followed: (1)
Conducting a literature review on the subject. (2) To determine the format for the
measurement method and create an item pool accordingly. (3) To seek expert comment
for the item pool, thus assessing content and face validity. (4) Make a trial application.
(5) After the trial application, validity and reliability analysis of the scale and creating
the final form of the scale. The development process of the scale is presented below.

On the other hand, according to DeVellis and Thorpe (2021), the items to be
prepared at this stage should reflect the concept (phenomenon) being researched. For
this reason, each item must comply with the structure of the implicit variable. In other
words, the items written should not go beyond the conceptual framework established in
the first step. It can create an item pool with inductive (asking open-ended questions to
the target audience) and deductive methods (literature review) (Evci & Aylar, 2017).
Since a limited sample was reached in this research and voluntary participation was
ensured, an item pool was created only by the deductive method.

For the scale, the relevant literature was previously examined and an item pool
containing 58 statements was created. The statements in the item pool were examined in
terms of language, comprehensibility and content by four academicians, one of whom is
an expert in science education and three of whom are experts in biology education.
After the opinions of experts, two expressions that were not understandable or thought
to be similar were discarded from the item pool. Thus, the number of items was reduced
to 56, and then it was decided to perform 5-point Likert-type scoring in line with the
evaluation criteria of the scale items in the literature (Shure & Spivack, 1982). The 5-
point Likert scale consists of these points: (1) Strongly Disagree; (2) Disagree; (3)
Partially Agree; (4) Agree; (5) Strongly Agree. Thus, the draft scale was made ready for
implementation.

Validity and Reliability Measures

The scales whose reliability and validity have been tested and found to be
sufficient will provide valid data for the person applying the scale (Ercan & Kan, 2004).
For this reason, the validity and reliability of the scale developed in the study were
tested.

In determining the validity of the measurement tool, content validity, criterion
validity, construct validity and face validity are checked (Ercan & Kan, 2004). On the
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other hand, the content validity of a scale can be examined in two ways: logically and
statistically (Ercan & Kan, 2004). In this study, the content validity and face validity of
the scale were ensured logically by examining the literature and consulting four
academicians, one of whom is an expert in science education and three of whom are
experts in biology education. Criterion validity examines the future or current
relationship between the scores obtained from the scale and the determined criterion in
order to determine the effectiveness of the scale. Since there is no similar scale in the
literature that includes all the dimensions of this scale, criterion validity was not
examined in this research. Factor analysis was performed for the construct validity of
the test. Although different methods such as norm-referenced test, test-retest method,
parallel-forms method and methods of interval consistency were used in the reliability
studies of the scale (Ercan & Kan, 2004), in this research, the reliability of the scale was
tested by calculating the Cronbach Alpha Reliability Coefficient, one of the internal
consistency methods.

Data were collected simultaneously for each grade in the classroom under the
supervision of a teacher. Before answering the measurement tool, students were
informed about the purpose of the study and it was stated that their personal information
would be kept confidential by the researchers.

In the study, it was also considered to ensure external validity in determining the
number of samples. According to Biiylikoztiirk et al. (2013), one of the factors affecting
external validity is the sampling effect. In other words, people selected from a limited
area are unlikely to represent people elsewhere. In this case, the result applies to the
individuals included in the research. Therefore, the study tried to increase external
validity by including teacher candidates from two universities in the east and west of
Tiirkiye.

Results

Preliminary Analysis and Validity Studies

To ensure the validity of the draft scale, the content, face, and construct validity
were used. As stated before, the items in the scale for content and face validity were
submitted to the opinions of four experts, and a draft scale of 56 items was prepared.
Furthermore, to construct the validity of the scale, factor analysis was performed.
Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA)
techniques are widely used in scale adaptation or development processes for construct
validity. If there is no known relationship between the scale items, EFA is
recommended. On the contrary, if a tested relationship, specified factors and items
grouped under them are detected, CFA is recommended (Bandalos & Finney, 2010;
Biiyiikoztiirk, 2002). In this study, since there was no theoretical information among the
scale items, that is, it was not known exactly how many factors there were among the
items and which items measured which factors, only EFA was performed. Additionally,
the literature states that CFA should be carried out with a different sample (Fabrigar et
al., 1999). CFA could not be performed due to the study’s insufficient sample size.
SPSS 20.0 was used for all analyses.

Before performing the analyses, the data were examined in terms of missing
values and no missing data was found. On the other hand, kurtosis and skewness
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coefficients were calculated in order to evaluate the normality assumptions. According
to the analysis results, the kurtosis value was calculated as 1.07, while the skewness
value was calculated as -.29. According to Leech et al. (2005), if the distribution is
normal, the skewness and kurtosis coefficients should be between -1 and 1. It is stated
that if the skewness coefficient is between -1 and 1, the kurtosis coefficient may be
between -2 and 2, and if the kurtosis coefficient is between -1 and 1, the skewness
coefficient may be between -2 and 2. Therefore, these findings showed that the data set
met normal distribution assumptions.

Item Analysis

In the item analysis stage, the corrected item-total correlations were calculated.
In the literature, these values are accepted as the measure of the effect of each item on
the scale. Additionally, if the item-total correlation value is less than 0.25 or negative, it
is recommended that it be removed from the scale (Gul, 2017). Accordingly, 10 items
(111, 113, 134, 140, 141, 143, 144, 150, 152, 155) was eliminated from the scale. After this
stage, the number of remaining items was reduced to 46 (Table 3).

Table 3
The Corrected Item-Total Correlations of the Items in the Scale
Item Item-total t Item Item-total t Item Item-total t
correlation correlation correlation
11 0.355 -6.559 120 0.480 -8.465 139 0.420 -6.535
12 0.282 -4.914 121 0.355 -7.030 140 0.203 -3.502
13 0.308 -4.633 122 0.508 -10.863 141 0.123 -3.453
14 0.436 6319 123 0.551 -10.528 142 0.502 -8.126
15 0.309 -4.764 124 0.333 5493 143 0.056 -1.401*
16 0.351 -4.529 125 0.523 -8.655 144 -0.099 1.270*
17 0.320 -5.738 126 0.293 -4.781 145 0.315 -5.131
18 0.464 -5.798 127 0.496 -7.862 146 0.501 -9.025
19 0.461 -5.783 128 0.327 -6.417 147 0.293 -4.602
110 0.419 -5.197 129 0.563 -9.734 148 0.271 -4.897
111 0.131 -2.552 130 0.366 -6.691 149 0.503 -9.278
112 0.518 -7.856 131 0.467 -8.213 150 -0.336 4.593
113 0.180 -2975 132 0.445 -7611  I51 0.534 -10.451
114 0.432 -7.392 133 0.338 -6.643 152 0.163 -3.536
115 0.523 -9.969 134 0.074 -1.933* 153 0.464 -7.516
116 0.494 -9.744 135 0.410 -6.910 154 0.528 -8.030
117 0.444 -7.581 136 0.428 -9.283 155 0.125 -2.574
118 0.431 -7.354 137 0.451 -9.685 156 0.441 -6.131
119 0.475 -8.358 138 0.536 -9.868
* p>.05
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Factor Analysis

After item analysis, Exploratory Factor Analysis (EFA) was performed for the
construct validity of the scale. In factor analysis, it is necessary to test the suitability of
the data for factor analysis. In addition, Bartlett’s test of sphericity, which is an
indicator of the multivariate normal distribution of the data, is expected to be
significant. As a result of the preliminary analysis, the KMO sample fit coefficient was
876 (>.60), and for Bartlett’s test of sphericity was y2=5669.095 (p<.05). These
findings showed that the data was suitable for performing exploratory factor analysis.

Principal component analysis was used as a factorization technique in EFA.
However, in determining the number of factors, and the factors with an eigenvalue
greater than one were considered. The varimax rotation technique was used to interpret
the factors. Factor loads are known as the correlation value between the item and the
structure in the scale (Kocaman & Cumaoglu, 2014). Accordingly, items with a factor
load value below 0.30 were removed from the scale in analysis. Another criterion
considered in item elimination is the removal of items that fall under more than one
factor and differ less than 0.10 from the scale (Kocaman & Cumaoglu, 2014).
Accordingly, nine items (12, 117, 125, 128, 129, 135, 137, 139 and 154) were removed
from the scale in the first factor analysis. After ongoing analysis, three factors whose
eigenvalues were greater than one were obtained, which explained 42.456% of the total
variance (Table 4). Additionally, a scree plot was also made (Figure 1). It refers to a
factor between two points on the scree plot graph (Biiyiikoztiirk, 2002).

Figure 1
Scree Plot Graphic
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When Figure 1 is examined, the 3-factor structure is clearly seen.
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Table 4

The Results of EFA

Rotated component matrix

Item no Items Factor 1 Factor 2  Factor 3

120 | pay attention to buying eco-friendly products. 0.778

119 I collect the garbage | see while walking. 0.753

121 | pay attention to whether there is an eco-friendly 0.734
statement on the packaging.

123 | encourage people to recycle. 0.716

124 | actively participate in local or global activities 0.697
related to recycling and waste.

116 | separate waste according to recycling types. 0.653

133 I collect the garbage | see and throw it in the trash to 0.644
set an example for those around me.

132 | do not take the trash that other people throw on the 0.637
ground and throw it in the trash.

122 News about recycling on TV or radio intrigues me. 0.637

115 I throw waste into recycling bins. 0.619

118 I warn those who throw garbage on the ground. 0.568

114 I know which waste goes into which color waste bin. 0.542

130 I try to throw the waste | see around me in the trash. 0.482

18 Throwing cigarette butts on the street does not pose 0.746
an environmental problem.

110 Liquid oils become harmless after use in food, so 0.696
there is no need for recycling.

19 There is no harm in pouring the waste oil into the 0.694
sink.

112 Recycling is the responsibility of the municipality. 0.659
Therefore, we do not need to make an effort to
recycle waste.

16 Wastes thrown into water resources such as rivers, 0.602
lakes and seas do not pose a danger to humans.

17 Reusing a product has no environmental benefit. 0.520

13 Recycling helps protect nature. 0.475

11 I am aware of the importance of recycling. 0.458

14 Biodiversity can be protected by recycling. 0.432

15 There is no relationship between sustainable 0.387
development and recycling.

149 Recycling should only be done for expensive and 0.760
valuable products.

151 People can use natural resources to generate more 0.754

income.
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146 It makes more sense to buy a new product instead of 0.718
the expenses incurred in the recycling process.

142 Recycling has no economic benefit. Therefore, there 0.626
is no need for recycling.

145 Recycling process wastes money. 0.583
148 Due to the cost of the waste in the recycling process, 0.557
it should be disposed of away from settlements.
153 Recycling helps conserve resources. 0.515
147 Recycling is a costly process. 0.459
126 | throw away an old product and buy a new one. 0.435
Eigen value (Total=13.585%) 5.817 3.920 3.848
Explained variance (Total=42.456%) 18.179 12.251 12.026

As shown in Table 4, the scale, which includes 32 items and under three factors,
were named “Responsibility and Behavior (Factor 1)”, “Consciousness and Awareness
(Factor 2)” and “Economic Value (Factor 3)”, respectively. These items explain about
42.5% of the total variance. Furthermore, the load values of Factor 1, which includes 13
items, are between 0.778 and 0.482. The item loadings of Factor 2, which includes 10
items, are between 0.746 and 0.387. The item loadings of the last factor, which is called
Factor 3, are between 0.760 and 0.435.

In the research, correlations between the subscales formed after the factor
analysis were examined (Table 5).

Table 5
The Pearson Correlations among Subscales
Factor 1 Factor 2 Factor 3
Factor 1 1 0.324™ 0.210™
Factor 2 0.324™ 1 0.468™
Factor 3 0.210™ 0.324™ 0.324™

“p<.001

Table 5 shows that the relationships between the subscales are all positively
related.

Reliability Analysis

In the research, the reliability of the overall scale and its three factors were
determined by calculating Cronbach’s Alpha coefficient. According to the findings, this
value (a) was 0.893 for the “Responsibility and Behavior” factor, 0.785 for the
“Consciousness and Awareness” factor and 0.801 for the “Economic Value” factor.
Moreover, Cronbach’s Alpha was calculated as 0.884 for the overall scale. As Ozdamar
(2004) stated, coefficients 0.60 and greater indicate good reliability and high
consistency among scale items. In this context, scale and its factors are quite reliable.
The final form of the scale is in Appendix 1.
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Discussion and Conclusion

Recycling practices are increasing significantly due to the necessity of solving
environmental problems that have reached extreme levels today. For this reason,
research on related factors affecting recycling has gained momentum in recent years
(Momoh & Oladebeye, 2010; Soryté & Pakalniskiené, 2021; Tam et al., 2018). When
the literature on recycling is examined, it shows that although attitudes toward recycling
play an important role in recycling and environmental education, valid and reliable
measurement tools are limited in determining students’ attitudes (Ugulu, 2015). In this
research, an attitude scale was developed to determine the attitudes of pre-service
teachers toward recycling. The scale development process was basically performed in
four stages (item pool, item analyses, EFA, and reliability analyses). Firstly, an item
pool, which includes 56 items, was created based on examining the literature and
according to expert opinions. Item analyses were made on the collected data, and then a
three-factor, “Responsibility and Behavior,” “Consciousness and Awareness,” and
“Economic Value” was obtained.

In the literature, in the field of social sciences, the variance explained according
to EFA results is expected to be between 0.40 and 0.60 for structures with more than
one factor (Cokluk et al., 2012; Tiirkan & Celikoz, 2018). In the research, the explained
variance of the scale was determined as 42.456%. Therefore, according to the EFA
results, it was determined that the variance ratio explained by the items collected under
three factors provided the desired variance ratio.

According to the EFA results, the difference between the load values of the
items on different factors is expected to be over 0.10 (Can, 2013). According to the
research findings, it was understood that the factor loadings of the items in the scale
varied between 0.387 and 0.778 and that the items in the final version of the scale were
not loaded on different factors. It is emphasized that the item load values in the scale
should be above 0.30 (Cokluk et al., 2012) or above 0.32 (Tabachnick & Fidell, 2007).
On the other hand, it can be said that the model, which consists of 32 items and three
factors, was suitable both theoretically and statistically because these results obtained
with EFA provide evidence that the scale has construct validity. The Cronbach Alpha
internal consistency coefficients calculated within the scope of reliability studies
showed that the scale was reliable. Accordingly, 13 items were collected in Factor 1
(Responsibility and Behavior), nine items in Factor 2 (Consciousness and Awareness),
and Factor 3 (Economic Value). Therefore, the minimum score that can be obtained
from the whole scale is 32, whereas the maximum score is 160.

When the findings obtained in the study are evaluated, it can be said that this
scale, which is developed to determine the attitudes of teacher candidates toward
recycling, has appropriate qualifications. Considering the cognitive, affective and
behavioral dimensions of attitudes, it is thought that this structure, which is revealed by
the developed scale, has features belonging to each sub-dimension of attitude and will
help researchers in measuring these features. In addition, when the scales developed for
recycling in the literature were examined, factors similar to or different from the scale in
this research were determined. For example, in the “belief” factor determined in the
scale development study conducted by Karatekin (2013), items were collected in a
manner similar to the “consciousness and awareness” factor in our study. Again, the
“interest and sensitivity” and “initiative and participation” factors are similar to the

© 2024 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 17(1), 236-256



Development of Recycling Attitude Scale... 249

“responsibility and behavior” factors in our study. Moreover, in the scale development
study conducted by Avan et al. (2011), items were collected in the “environment-
information” factor, similar to the “consciousness and awareness” factor in our study.
Again, the “environment-emotion” and “environment-behavior” factors are similar to
the “responsibility and behavior” factors in our study. In another study conducted by
Tastepe (2017), an attitude scale was developed to determine the cognitive, affective,
and behavioral attitudes of high school students regarding the reduction, reuse and
recycling of packaging waste. As a result of the analysis, it was determined that the 10-
item final scale had a two-factor structure, namely “Giving Emotional Reactions” and
“Exhibiting Awareness and Appropriate Behavior,” and explained 57.955% of the total
variance. It can be said that these dimensions are partially similar to the “Responsibility
and Behavior” and “Consciousness and Awareness” dimensions in our research.

On the other hand, unlike these studies, the “economic value” factor developed
in our research can be considered as a new dimension that contributes to the literature.
In addition, although the development studies of this scale were made with pre-service
teachers, it is appropriate to measure the attitudes of university students from all
branches.

Implications

The scale developed in the research has some limitations as well as its
contributions to the literature. At this point, it seems appropriate to make the following
recommendations for future research:

- By conducting similar scale development studies with different sample groups,
different dimensions can be determined from the literature and this research.

- Although this research was conducted with teacher candidates in the education
faculties of two universities, the number of samples remained a little low due to the
online data collection process and the collection of data through voluntary participation.
Hence, confirmatory factor analysis (CFA) was not performed. In factor analysis
studies, CFA is performed to test the fit of the model after EFA. However, CFA needs
to be performed with the data collected from a different sample. Due to the insufficient
sample size in this study, CFA analysis could not be performed. Therefore, it is
recommended that CFA analysis be performed in future research.

- Due to the lack of sample, the attitudes of teacher candidates towards recycling
could not be measured. Therefore, in future studies, this scale can be applied to
prospective teachers to examine their attitudes toward recycling and compare them in
terms of different variables.

- Since the subject of recycling is very popular with the developing technology
today, it always has an important news value for the media. In addition, the way the
media organs handle the issue is extremely important, and sometimes, it can bring more
harm than good (Uzbay, 2009). For this reason, it is suggested that the “effect of media”
factor should be added to the scales that determine attitudes towards recycling.

As a result, it is thought that this scale will be an effective data collection tool in
determining the attitudes of teacher candidates towards recycling. In this context, the
use of the scale by researchers is thought to be an effective tool in revealing the views
of samples with different views on recycling, which is of great importance not only in
our country but also all over the world, and its use is recommended.
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Appendix

Note. There is no need to get permission from the authors to use the scale.

Sayin Ggretmen adayi,

Bu ankette size geri dénisime yénelik tutumlarimzi belirlemek fizere cesitli sorular sorulmaktadir, Litfen
her cimleyi dikkatle okuduktan sonra, size uygun gelen sepenegi mutlaka isaretleyiniz. Unutmavin Dogru va da
Yanhs cevap voktur, Sorulara igtenlikle cevap vermenizi rica ederiz. Kathilarimzdan delay: teselkiir ederiz.

e E1 E| =|glz8
Demografik bilgiler 4 E E s 5|82
= 2 o = =] E
=& | | sg| e8¢
1. Cinsiyetinizz OKadin O Erkek -E g g 5 _f _f 8 '_f‘
2. Smafimiz: 0Lsmf O025mf 03.%5mf 04 smf &= B H| B |&H
gl g| 2| £|7<
Sorumluluk ve Davrams
1. Cevre dostu tirinler almaya dzen gosteririm, 1 2 3 4 5
2. Yiiritydis yaparken gérdigum ¢épleri toplanm. 1 2 3 4 5
3. Ambalajlarin iizerinde ¢evre dostu ibaresi olup olmadifina dikkat ederim. 1 2 3 4 5
4. Insanlar geri doniisiim yapmaya tegvik ederim. 1 2 3 4 5
5. Geri déniisiim ve atik ile ilgili yerel veya kiiresel faaliyetlers aktif olarak
y 1 2 3 4 5
katihrim.
6. Atiklar geri doniigiim turlerine gére ayirnm, 1 2 3 4 5
7. Cevremdekilere drnek olmak icin gérdigim ¢épleri teplayip ¢cop kutusuna 1 5 3 4 5
atarim.
8. Diger insanlarn yere attif ¢opleri alip ¢op kutusuna atmam.* 1 2 3 4 5
9. Televizyon veya radyoda geri doniigimle ilgili haberler ilgimi geker. 1 2 3 4 5
10. Atiklar geri donugiim kutularina atiyerum. 1 2 3 4 5
11. Yere ¢op atanlan uyariyorum, 1 2 3 4 3
12. Hangi abgin hangi renk atik kutusuna atilacagin biliyorum. 1 2 3 4 5
13. Cevremde gordugim atiklan ¢épe atmaya galisirim, 1 2 3 4 5
Biling ve Farlundalik
14. Sokaga izmarit atmak ¢evresel bir problem olusturmaz? 1 2 3 4 5
15. 511 yaglar yvemeklerde kullandiktan sonra zararsiz hale gelir, bu nedenle
Rt " 1 2 3 4 5
geri déniigime gerek voktur,
16. Atk yagin lavaboya dikilmesinde bir sakinca yoktur.* 1 2 3 4 5
17. Geri dénigim belediyenin sorumlulugundadir. Bu nedenle atiklan geri
R - 2 . 1 2 3 4 5
doniigtiirmek igin gaba gostermemize gerek yoktur.*
18. Nehir, gél, deniz gibi su kaynaklarina atilan atiklar insanlar igin tehlike 1 5 3 4 5
olugturmaz.®
19. Bir tiriiniin yeniden kullammumn gevresel bir faydas yoktur.* 1 2 3 4 5
20. Geri déniisim dogamin korunmasmma yardime: clur, 1 2 3 4 5
21. Geri déniisimiin éneminin farkindayim. 1 2 3 4 5
22. Bivogesitlilik geri dénisimle korunabilir, 1 2 3 4 5
23. Siirdurilebilir kalkinma ve geri déniisim arasinda bir iliski yokiur.® 1 2 3 4 5
Ekonomik Deger
24. Geri dénigim sadece pahal ve degerli dranler igin yaplmahdir.® 1 2 3 4 5
25. Insanlar daha fazla gelir elde edebilmek igin dogal kaynaklar
- . E 1 2 3 5
kullanabilir.,
26. Geri dénigim sirecinde yapilan masraflar yerine yeni bir iriin almak
. 4 1 2 3 4 5
daha mantiklidar.
27. Geri dénigimin ekonomik bir faydas: yoktur. Bu nedenle geri ,
£ e R SEEE 1 2 3 4 5
doniigiime gerek yokiur.
28. Geri déniisim iglemi para israfina neden olur.” 1 2 3 4 5
29. Atklarin geri donisim strecindeki maliyetinden dolayn yerlesim ,
" 3 . S 1 2 3 4 5
yerlerinden uzaga atilmalidir.
30. Geri dénisim, kaynaklarm korunmasma yardime clur, 1 2 3 4 5
31. Geri déniigim maliyetli bir suirectir.* 1 2 3 4 5
32. Eski bir diriinti hemen atip yenisini ahnm.* 1 2 3 4 5

* Olumsuz kodlanan ifadeler

® @ @ This is an Open Access article distributed under the terms of the Creative CommonsAttribution-
@1 NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). For further information, you can

refer to https://creativecommons.org/licenses/by-nc-sa/4.0/
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